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A pre-finished compact speaker system kit anyone can assemble in less than
20 minutes without tools. No sanding, no finishing, no special manual skills.
You'll agree it looks and sounds like a more expensive factory-built system!

NEW EV CORONET KIT
SPEARER SYSTEM

ONLY $390¢

Comes like this ... looks like this...sounds great!

Here's a kit speaker system that goes together virtually by
the power of your suggestion alone!

And inside (you'll know it because you'll put it there) is an authentic
component-gLality speaker—the MC8 full-range, 8-inch speaker made by
Efectro-Voice: A heavy die-cast frame, Radax dual-cone construction
and a modern ceramic magnet distinguish the E-V MC8
from the ordinary ‘‘radio-set" speakers found

in most kits. The MC8 is actually made by the same
craftsmen as the most expensive E-V speakers!

The E-V Coronet's 3/4-inch Acoustiply panels

are completely finished in oiled walnut veneers.
You'll see at once they aren't made of lightweight,
raw wood like so many kits. And the design, an
acoustical phase inverter, was developed

only after exhaustive tests in the E-V laboratories —
by engineers devoted solely to the improvement

of loudspeaker and enclosure design.

But the best news of all abouf the Coronet is the
price*: just $39.00, net, for the basic Coronet I
(with MC8 loudspeaker, 50-13,000 cps); $43.50, net, for the
Coronet II (with LS8 loudspeaker, 45-14,000 cps);
and $54.00, net, for the Coronet III (with SP8B
loudspeaker, 40-15,000 cps).

See the Electro-Voice Coronet Kit Speaker System
on display at your hi-fi dealer’'s now! Or write
direct for complete specifications!

VALUABLE
CERTIFICATE

PACKED WiTH EVERY CORONET!

$E5500

i;?i WORTH
! k’ toward purchase
of any matching

E-V tweeter kit!
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Now [NTETINE to Train at Home

For a Career in ELECTRONICS

INDUSTRIAL-MILITARY ELECTRONICS

Learn Principles, Practices, Maintenance of Elec-
tronic equipment used today in business, industry,
defense. Covers Electronic controls and measurement,
computers, servos, telemetry, multiplexing, many
other subjects.

RADIO AND TELEVISION SERVICING
Learn to service AM-.FM Radios, black and white and
color TV sets, Stereo Hi-Fi, PA systems. ete. A profit-
able, interesting field for part-time or full-tiine business
of your own.

FCC LICENSE

Prepares you quicl:'y for First Class License exams.
Every communications station must have one or more
FCC-licensed operators. Also valuable for Service
Technicians. You train at home.

COMPLETE COMMUNICATIONS

A comprehensive training course for men seeking
careers operating and maintaining transmitting equip-
ment in Radio-TV Broadcasting or mobile, marine,
aviation communications. Prepares you for FCC
License.

MOBILE COMMUNICATIONS

Training in installation and maintenance of mobile
equipment and associated base stations like those used
by fire and police, taxi companies, etc. Prepares you
for First Class FCC License exams.

MARINE COMMUNICATIONS
Shipboard transmitting equipment, direction finders,
depth indicators, radar are all covered in this course.
You prepare for your First Class Radiotelephone Li-
cense with Radar Endorsement.

AVIATION COMMUNICATIONS

For men who want careers working with and around
planes. Covers direction finders, ranges, markers,
loran, shoran, radar, landing systems, transmitters.
Prepares you for FCC License exams.

MATH FOR ELECTRONICS

A short course package of five carefully prepared
texts that take you from basic arithmetic review
through graphs and electronic formulas. Quick, com-
plete and low in cost.,

BASIC ELECTRONICS

An abbreviated, 26-lesson course covering Automa-
tion-Electronics, Radio-Television language, compon-
ents and principles. Ideal for salesmen, hobbyists and
others who find it valuable to be familiar with the
fundamentals of this fast-growing industry.

! Pick Your Field and Train

with the Leader [ x1

Perhaps you’re working in
Electronics now and feel the
need for an FCC License or
more math . . . perhaps you’re
a hobbyist trying to decide be-
tween a career in Automation
or Communications . . . perhaps
you’re a beginner who left
school early, but are thinking
) about the career possibilities of
. building a spare-time or full-
time business of your own serv-
’ icing radios and television sets.
Worker, hobbyist or beginner

.. whatever your desire, there’s

. Electronics trammg for everyone among the nine special-
i ized courses NRI now offers. You can choose “short courses,
| specialized training in fields of Communication or intensive
L training for career positions.

[2]

Special Equipment Included

Specializing in Electronics

- ‘»v—
makes it possible for NRI to E =
provide a variety of courses to = S
fit the needs of most any o

ambitious man; courses built
around NRI’s time-proved
“learn-by-practice” method that
makes learning easier, faster,
better. Most NRI courses in-
clude—at no extra cost—special
training equipment to give shop
and laboratory experience in
your home. And all equipment
is yours to keep. As the oldest |
and largest school of its kind,

.  NRI has nearly half a century of experience training tens

AMERICA’S OLDEST AND LARG- < el
EST TV-RADIO ELECTRONICS ‘@
HOME-STUDY SCHOOL b
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of thousands of men of all ages and varying educations for
successful careers in Electronics. Check the course of most
interest to you and mail the coupon now. Find out about
Electronics opportunities, NRI training, NRI trial pian,
convenient terms. NRI TRAINING, Washington 16, D.C.

Mail COUpOﬂ TODAY The Amazing

o L1 of

NRI Training 3cE
Washington 16, D.C.

Please send me 64-page Catalog on training at
home with NRI. I am interested in the course
checked below. (No salesman will call.)

O Industrial Electronics
O3 Radio-TV Servicing

{J Complete Communicatians
{0 Mobile Communications
{0 Marine Communications
(0 Math for Electronics [ Aviation Communications
O Basic Electronics

Name Age

Address

City Zone State




UNIQUE KIT-BUILDERN INSURANCE POLICY!

Only Scott Kits come cquipped with one. It's a full-color terminal strips and other mechanical parts is completed at
y I i I
instruction book to insure vou against confusion, incorrect the factory. Critical circuitry such as the FM “front end” is i
wiring and the installation of wrong parts. prewired by factory experts. When you finish a Scott Kit it

Every part and every wire is reproduced in its exact color. ~will look and work like a factory wired component.
A special printing process is used requiring seventeen differ- If vou've never seen the Scott full-color instruction book
ent colors . . . including even silver and gold . . . to insure visit vour dealer now or fill in the coupon below. We'll send
life-like reproduction. It is practically impossible to make a you a sample page and a catalog showing all Scott Kits.
construction mistake! e T, e B e S SR SR S N §

= - ]

o S Py Qo its are divided i ~ON- H. H. Scott Inc. !

[.0 speed assembly time ‘Scott ll\ltb are divided into con ! 191 Powdermiil Road C 1
venient assemblv groups. There is a separate page in the « Maynard, Mass. !
; st ol ' - . s Darts Hoo t Rush me a sample page from a Scott full-color kit instruction book. Also
instruction book for cach group, and the };dltb tor that page R L R R e 0 |8
are mounted, in order, on Scott’s unique Part-Charts. P 8 1

. — e —= mi— L

No onc but Scott goes to the time, trouble and expense | Address :
to give you this kind of kit building insurance. Scott Kits ! City Zone State ! -
offer many other advantages, too. All wires are cut and ! include names and addresses of interested friends and we'll send them

. <oyl oy, . . - N R b duplicate materiais. i -
stripped to exact length. Tedious mounting of tube sockets, W = N T - P -
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Scott makes seven -superb kits . . . all with full-color instruction books: LK-48 48-Watt Stereo Amplifier Kit, LK-30 30-Watt Stereo Amplifier Kit, LK-72 80-Watt Stereo
Amplifier Kit, LT-111 FM Stereo Tuner Kit, LT-110 FM Stereo Tuner Kit, LC-21 Stereo Preamplifier Kit, and the LK-150 130-Watt Stereo Power Amplifier Kit.
All prices slightly higher west of Rockies. Accessory cases extra. Export: Morhan Exporting Corp., 458 Broadway, N. Y. C. Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto
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THIS MONTH’S COVER ties
in with our lead story on
electron microscopes.
Shown at right is cross-sec-
tion view of an RCA electron
microscope. The photomi-
crographs at the left were
all taken with such a mi-
croscope at the electronic
magnifications indicated.
(Figures do not take into ac-
count photographic enlarge-
ment.) The view of the sur-
face of a ceramic capacitor
disc before electrodes are
applied was taken at
Sprague Electric Co. The
quartz photomicrograph is
from Dow Chemical, and the
view of the bacillus is cour-
tesy National Institute of
Health. .. .. (Cover illustra-
tion by Otto E. Markevics)
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ALL TAPE HEADS

~ WEAR 0UT!
HERE'S HOW AND WHY!

Magnetic tape itself is the
real cause of head wear!

The abrasive action of tape as it passes
over the head tace gradually wears
away the depth of metal lett on a new
head after final polishing (sce above).
Because wear is nearly always uneven,
craters or ripples arc also formed on
the face as wear progresses. thus mak-
ing it impossible to achieve good
contact between the head gap and the
all-important signal recorded on the
tape. The severe high trequency losses
and erratic output resulting from poor
tape-to-gap contact are very annoying
to the car. Head wear should NOT be
permitted to reach this point — much
less go beyond it to the Jimit where the
gap actually begins to open up.

By replacing the worn head with a
new Nortronics professional type of
laminated tape head you will obtain
improved high frequency response over
the original head, plus the added fea-
ture of longer life since laminated heads
have 50% more depth of metal at the
gap. Nortronics manufactures both
laminated and solid-core heads, but
recommends the use of the laminated
types for up-grading of your rccorder.

HAVE YOU CHECKED YOUR HEADS LATELY?
Get the most from your investment in tape
equipment. Be certain that head wear is not
causing you to lose the clean, crisp sound
which only tape g:ves you. Have your Hi-Fi
dealer, Radio/TV serviceman or camera store
check your heads for wear. Insist on Nor-
tronics replacement heads and “Quik-Kit"

mounting hardware; both correctly matched
to your recorder.

‘Musie sonnds best on tape— .
Tape sounds best wilh Nortronies heads’

“ortrosnics . o ™

8127 10th Ave., North » Minneapolis 27, Minn.

________________ —

Write today for FREE copy of NORTRONICS |
I Tape Head Replacement Guide l
] Name__ |
IAddress___- m——— I
leiy——— state._ |

[y
CIRCLE NO. 129 ON READER SERVICE PAGE
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COMING
NEXT
MONTH

SPECIAL TEST FQUIPMENT ISSUE U

DIRECT-READING INSTRUMENTS @ SIGNAL-GENERATING DEVICES
CATHODE-RAY OSCILLOSCOPES

Three outstanding articles which bring you authoritative and up-to-the-minute information
on relatively all types of test equipment. Written by engineers from General Radio,
Hewlett-Packard, and Fairchild-DuMont Laboratories Division, respectively, these articles
provide wide-ranging data on new circuitry, outstanding features, and special applications.

SPECIAL FEATURE: COLOR CODES CHART—A Full-Color Gatefold
By popular demand, another handy wall chart for the lab, workshop, or production line. EIA
color codes for ceramic, paper, and mica capacitors; resistors; transistor bases; semicon-
ductor diodes; and transformer windings are all included for fast and ready reference use.

55&\\ ; [

. ‘honus nsert- Color Codes Chart

PLUS... eral Electric engineers as to job oppor-
tunities and the technical prerequisites.

1963 DIRECTORY OF KIT TEST

EQUIPMENT DETECTION OF NUCLEAR RADIATION

BY SEMICONDUCTORS

In order for radiation to be useful, it
must be capable of being measured eas-
ilv, precisely, and inexpensively. Semi-
ronductors are finding wide application
in this important field, as Harold
Renne reveals in this informative article.

CALIBRATING TEST EQUIPMENT

How accurate should test equipment he?
This will depend on its application and
the quality of the instruments involved,
according to Walter Buchsbaum. He dis-
cusses standards and basic meter tests.

A revised and completely up-dated list-
ing of some 200 instruments available in
kit form for applications ranging from
the home workshop to the engineering
laboratory . . . with prices and complete
specs.

THE INSTRUMENT CALIBRATION

& REPAIR TECHNICIAN

The growing field for the qualified elec-
tronics technician and engineer in gou-
ernment, military, and industrial labs
around the world is surveyed by Fed-

All these and many more interesting and informative articles will be yours
in the AUGUST issue of ELECTRONICS WORLD ...on sale July 18th.

ZIFF-DAVIS PUBLISHING COMPANY

William B. Ziff ZIFF-DAVIS PUBLISHING COMPANY
Chairman of the Bourd (1946-1953) Editorial and Executive Offices
William Ziff One Park Avenue, New York 16, New York

ORegon 9-7200

MIDWESTERN and CIRCULATION OFFICE

434 South Wabash Avenue, Chicago 5, Illinois
WAbash 2-4911

Midwestern Advertising Manager, Gilbert J. Jorgenson

WESTERN OFFICE
9025 Wilshire Boulevard, Beverly Hills,
CRestview 4-0265
Western Advertising Manager, Bud Dean

FOREIGN ADVERTISING REPRESENTATIVE
D. A. Goodall Ltd., London, England

President
W. Bradford Briggs
Executive Vice President
Hershel B. Sarbin
Vice President and General Manager
M. T. Birmingham, Jr.
Vice President and Treasurer
Robert P. Breeding
Circulation Director
Charles Housman
Financial Vice President
Stanley R. Greenfield
Vice President
Phillip T. Heffernan
Vice President
Rradio & TV News ¢ Radio News ¢ Radio-Electronic Engineering Trademarks Reg. U.S. Pat. Off.

SUBSCRIPTION SERVICE: All subscription correspondence should be addressed to Electronics World. Circu-
lation Dept., 434 South \Wabash Ave.. Chicago 5, 1ll. Please allow at least six weeks for change of address.
Include vour old address as well as new—enclosing if possible an address label from a recent issue.

EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable
care; however publisher assumes no responsibility for return or safety of art work, photographs. or
manuscripts.

ELECTRONICS WORLD is published monthly by Ziff-Davis Publishing Company at 434 South Wabash
Avenue. Chicago 5. Illinois. (Ziff-Davis also publishes Popular Photography. Popular Eiectronics. HiFi/
Sterco Review, Popular Boating, Car and Driver, Flying, Modern Bride, Amazing, and Fantastic.) Subscrip-
tion rates: one year United States and p055essxons $5.00: Canada 'and Pan American Union countries
$5.50; all other foreign countries $6.00. Second class postage paid at Chicago, lIllinois and at additional
mailing offices. Authorized as second class mail by the Post Oflice Department, Ottawa, Canada and for
payment of postage in cash. July 1963, Vol. 70, No. 1.

PAYMENT MAY ALSO BE REMITTED in the following foreign currencies for a one year subscription:
Australian pounds (2/15/12): Belgian francs (310): Danish kroner (13\ Engllsh pounds (2/4/6):
French francs (31): Dutch guilders (22): Indian rubees (31): Italian lire (3900): X
Norwegian kroner (:15); Philippine pesos {25); South African rands (4, 50); Swedish kronor
francs (27): West German marks (25

California

100
oY ]

Member
Audit Bureou of
Circulations

Japanese ven (2100):
133}, Swiss

ELECTRONICS WORLD



at home?

.

. Impossible!

A CRE! Program helped Edward W, Yeagle adv;znce to project engineer at Barnes Engineering Co., Stamford, Conn.

... that's what | thought until | found out about CREI"

o, e et 1
“Sure, I knew that home study programs were fine for a UMI‘) A;;:::im*r . |
man who wanted to learn basic electronics. But, I needed ot RSl SidvIGotnell

to study advanced electronics to put myself in line for A £:~ . |

a better job. Thought I couldn’t do it without quitting my Dot 107A 3230 150n St w Wachington 10, D. €. ay G-t

job and going back to school. But then my supervisor told | il st AR brogeame i svanced clactroncs. 1

me about CREIL I've had two salary increases since I [0 g N aSsanid o BAE ) B (R

enrolled—and my company recognizes the value of this [

education.” [T - S A |
This man is one of the thousands of men in every phase of | Address - - et e s I
electronics who are moving ahead with the help of CREI City Zone State.. oo
Home Study Programs. If you are employed in electronics, l

| s :
CREI can help you, too. For complete information, send | RS |
l.

for FREE book. Use coupon or write: CREI, Dept. 1107A, )
3224 Slxteenth St, Nw’ Washington 10, D. (ol l_ VCheclu { 7Home Study [ Residence Schoolr EJ-G. 1. Bill ,__.__.'__

July, 1963
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PRODUCTS
FO

R
MODERN
LIVING

PLUG-IN TYPE
PORTABLE

L 2% INVERTERS

A.C. Houschold Elcctric- MODELS

ity anywhere in your owh ¢ RMF .(6 volts) 60 to 80

car, boat or plane. watts. Shipping weight 12
R

Operates Standard A.C. $33.00

®Record Players
# Dictating Machines 12T-RME (12 volts) 90 to
e Smal! Radios 125 watts. Shipping weight
12 Ibs. DEALER NET
RICE $33.00

eElectric Shavers
. N i *Additional Models Available

e Heating Pads, etc. PRI
a
- - - - - - - - - .-

@“A”Battery
ELIMINATOR

for Demonstrating and
Testing Auto Radios—
TRANSISTOR or VIBRATOR
OPERATED!

Designed for testing D.C.
Electrical Apparatus on Reg-
ular A.C. Lines—Equipped
with Full-Wave Dry Disc.
Type Rectifier, assuring
noiseless, interference-free
operation and extreme long
lite and reliability.

MAY ALSO BE USED AS A BATTERY CHARGER
MODEL 610C-ELIF . . . 6 volts at 10 amps. or 12 voits
at 6 amps. Shipping weight 22 Ibs.

DEALER NET PRICE g $49.95

MODEL 620C-ELIT . . . 6 voits at 20 amps. or 12 volts at
$66.95

10 amps. Shipping weight 33 Ibs.
DEALER NET PRICE 5

AUTO-RADIO

VIBRATORS

By every test ATR Auto-
Radio Vibrators are best!
.. . and feature Ceramic
Stack Spacers, Instant Start-
ing, Large Oversized Tungsten
Contacts., Perforated Reed,
plus Highest Precision Con-
struction and Workmanship and
Quiet Operation!

There is an ATR VIBRATOR for
every make of car!

Ask your distributor for ATR's Low Priced type 1400,
6 voit 4-prong Vibrator; and 1843, 12 volt 3.prong; or
1840, 12 volt 4-prong Vibrator. THE WORLD’S FINEST!

- - —— - - o o s

@ UNIVERSAL

MODEL 600 SERIES
Easily installed in-dash or un-
der-dash. Amplifier power-sup-
ply chassis may be separated from
tuner chassis for installation flexibility
and easy servicing. Utilizes é-tube super heterodyne
circuit (2 dual-purpose tubes) with 8-tube performance
.. pulls_ in those disfant sfations with good tone and

volume. Supplied with separate 5” x 77 speaker which
is installed i

in original automobile speaker compart-
ment for high fidelity performance. Neutral gray-tan
baked enamel finish. Over-all size 4” deep x 612" wide
x 2" high. Tuner Chassis; with Amplifier Chassis,
238" deep x 62" wide x 37" high. Shipping weight
7 Ibs. WILL OUTPERFORM MOST SETS!

Model 606— 6 volt Deater Net Price ..
Model 612—12 volt Dealer Net Price %

Airplane Style Overhead

Mounting under Cab Roof _ =L N%I:gm;:e
ceem U
TRUCK :
Excellent Tone, -,-\__f_ %f

Volume. and Sensitivity!

Compact, yet powerful. Fits
all trucks, station wagons, i
most cars and (oats. Just drill a % inch hole in roof and
suspend the one-piece unit {aeriai, chassis and speaker)
in minutes. Watertight mounting assembly holds anten-
na upright. Yoke-type bracket lets you tilt radio to
ang angle. .

xtra-sensitive radio has 6 tubes (2 double-purpose),
over-size Alnico 5 PM speaker for full, rich tone. Big,
easy-to-read illuminated dial. Fingertip tuning control.
Volume and tone controls. 33-1n. stainless steel antenna.
Neutrai gray-tan enameled metal cabinet, 7 x 6%2 x 4 in.
high over-all. Shipping weight 10%: Ibs.
Model TR-1279—12 A for 12V Dealer Net Price $41.96
Model TR-1279— 6A for 6V Dealer Net Price $41.96

SEE YOUR: ELECTRONIC PARTS DISTRIBUTOR
WRITE FACTORY FOR FREE LITERATURE. . .

ATR ELECTRONICS, INC.

Formerly: American Television & Radio Co
Quolity Products Since 1931
. PAUL 1, MINNESO
CIRCLE NO. 100 ON READER SERVICE PAGE

ERSONNEL experts from industry
and various Government agencies
have continually stressed our need for
at least 80,000 engineering graduates a
year if we are to meet the requirements
of our spacc-age “industrial revolution.”
As against this need we are, in actual
fact, graduating less than 40,000 engi-
neers a year. If the shortage of engincers
is as critical as the President’s Science
Advisory Conunittee sayvs it is, then both
educational institutions and industry are
faced with a gigantic task of convincing
prospective students of the benefits und
satistactions to be derived froin a career
in engineering.

Today the average annual salary for
electronics engineers is approximately
$7500—a rather unimpressive fignre con-
sidering the educational investment an
engineering degree represents. Although
the going rate of $3200 for electronics
enginecering  graduates  embarking  on
their [irst jobs is above that for many
other professions, this hire has appar-
ently failed to attract potential students.
In the minds of most would-be engineers
their profession has lost status during the
past few vears. Where, sav, ten vears
ago it was considered to be the No. 2
career, directly behind the legal proles-
sion, today it is running a poor third,
with the medical profession moving into
the top spot.

Recent interviews with  high-school
gradnates planning their college careers
indicate all too clearlv that they are fully
aware of these facts and that their opin-
ions of the engineering profession are
far from fattering. One remark heard
[ time and again was: “We don’t like the
idea of getting cornercd behind a slide-
rule.” [t is obvious that these students
visualize some future for themselves
more satisfying and grander than that
of being an enginecer. Although educa-
tors and vocational counsellors have at-
tempted to combat this attitude by
presenting facts abont the challenges in-
volved and the country’s need for engi-
neers, they must have more ammunition
it they are to channel more students into
engineering courses. They shouldn’t have
[to tackle the job alone. Industry itself

must do more than it has been doing in
| the past.

| An interesting sidelight on this prob-
[ lem was touched on recently by Herbert
W. Hartlev, president of Northrop Insti-
tute of Technology, in the course of a
series of talks to students in Southem
California. Speaking on the subject,
“Let’s Woo the Woman Engineer,” Mr.
Hartley suggested that if industry can-
|not meet its quota of electronics engi-
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“Let’s Woo the Woman Engineer”

neers from among the male student
body, women should be encouraged to
enter the profession. Many women work
as electronics draftsinen, and there is
no reason why a mathematics- or sci-
ence-oriented woman can't handle an
engineering curriculum,

C. T. Reid, director of graduate place-
ment for Northrup, surveyed more than
200 aerospace and electronics finns on
their attitudes toward hiring women en-
gineers. Without exception they replied
that not only were they willing but eager
to accept trained women tor emplov-
ment in various engineering categories.

“We find that women make excellent
designers,” reported North American
Auiation’s Space & Information Systems
Division. “They have done well for us
in aerodynamics, stress analysis, and
weight analvsis.”

Hughes Aircraft employs 80 women
engincers. [BM has discovered that
women perform hetter than men as com-
puter engineers and programmers.
Women have also demonstrated their
competence in every other phase of com-
puter engineering they've tackled.

One of the five design engineers on
the “Tiros” weather satellite project was
Mrs. Sima Miluschewa of RCA’s Astro-
Electronics Division. One of the most
attractive and capable women vou’ll
meet anywherc is Mrs. Marily Peck, an
engineer with North American Aciation.
Jack Leadbetter, president of Associated
Acro Science Laboratories. goes so far
as to say “the averuge woman going in
for engineering is better than the aver-
age man.” Perhaps she has to be in
order to compete successfully in a pro-
fession that is predominantly male.

The Societv of Women Engincers re-
ports that out of $00.000 engineers in
the United States today, only 5000 are
women. It is the consensus, however,
that this situation will change drasti-
ally before the start of the next decade.
Whether or not women will enter the
engineering profession in large numbers,
as has been the case in many other coun-
tries, is problematical as the path to an
engineering degree is still a thorny one
for most women. In addition to some
altering of physical facilities at what are
now predomimantly male engineering
strongholds, it will he necessarv for edu-
cators and industry alike to change the
average woman’s conception of engi-
neering as a purely masculine career
and that to follow such a profession is
“iladylike.” This will take time—but
once started—it is a trend that could
gather momentum—depending on how
carefully the initial steps are planned. A
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2 GREAT
BELDEN
CABLES

FOR COLOR TV
RECEPTION

| ‘ % Maintains uniform electrical characteristics by elimina-
CELLU I_I N E ting all possible moisture between conductors. The thick
outer wall of polyethylzne protects the cable from abra-
: 8 r _7 sion and sun damage, and the round shape offers less
215

resistance to wind. The result is a long lasting, efficient
transmission line for clearer color and black and white
TV reception.

Nom. Nom. Nom. Nom. Standard
AWG & LD, Velccity of Capacitance | Attenuation Package
(Stranding) | Color (Inch) Propagation {mmf/ft) per 100° Lengths in ft
mc db
20 (7x28) | Brown .300 80% 4.6 100 1.05 50’ coils
X 200 1.64 75’ coils
400 300 2.12 100’ coils
400 2.5 500’ spoals
500 2.98 1000’ spoals
700 3.62
900 4.3

% Concuctors are encapsulated in cellular polyethylene.
|V| This exclusive design provides clearer TV pictures in all
areas including areas where conditions of salt spray,

q ) - industrial contamination, ice, rain, or snow exist. It further

improves fringe area reception as well as strengthens
UHF and color TV reception.

Nom. Nom. ] Nom Nom. Standard
AWG & 0.D. Velpcity of | Capacitance| Attenuation Package
(Stranding) | Color | (Inch) Propagation (mmf/ft) per 100’ Lengths in ft
mc db
22 (7x30) | Brown .255 73.3% 5.3 100 1.4 50’ coils
X 300 2.8 75" coils
.468 500 3.8 100’ coils
700 4.8 500’ spools
900 5.6 1000’ spools

Belden Cable is Packaged in Standard Lengths for Display and Handling

Belden

Power Supply Cords e Cord Sets o Portable Cordage e Electrical Household Cords » Magnet Wire o Lead Wire a
Automotive Wire and Cable » Welding Cable

*Belden Trademark—Reg. U. S. Pat. Off. 8.5.2

WIREMAKER FOR INDUSTRY
SINCE 1902 — CHICAGO
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ALL THE INVENTORY YOU NEED
TO SERVICE ALMOST ANY TRANSISTOR CAR RADIO ON THE ROAD!

v Delco

@ )
g a n g

L & PR s

6 is the magic number! That's all it takes to replace
millions of transistors in car radios today! One of
these Delco numbers will fit exactly the requirements
of most of your customers!

e DS-25 and DS-26 cover small signal needs in Delco
and other auto radios. They also replace practically
every PNP transistor used in portable radios.

¢ DS-501 and DS-503 restore the full audio power to
Delco Radios.

e DS-520 and DS-525 can be used in all non-Delco
radios and in place of DS-501 and DS-503 in older
cars where low cost is a factor.

Full instructions, application and cross reference

charts come with your order. Call your United Delco

supplier today.

Delco Radio Automotive Radio Service

Parts and Electro-Mechanical devices are distributed

nationally through Umniited Delco.

DELCO RADIO, Division of General Motors, Kokomo, Indiana

&

United
Delco
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Get Your First Class Commercial F.C.C. License
In a Hurry — Or at Your Own Pace!

Is the Course Proven?

A high percentage of Grantham resident stu-
dents get their 1st class FCC licenses in the short
period of 12 or even 8 weeks from the time they
start the course. Many others choose home study,
completing the course and getting their licenses
at their own convenience,

Is the Course Complete?

Not only does the Grantham course cover all
required subject matter completely; it grows
and changes and expands in phase with change
and expansion in the electronics field generally.
With the Grantham course, you are assured of
modern, up-to-the-minute instruction.

Is the Course “Padded’?

The streamlined Grantham course is designed
specifically to prepare you to pass FCC exami-
nations and examinations given by electronics
firms. What you need to know to achieve these
goals, you are taught completely and in detail.
The course is not “padded” with information you
will not need.

Is It a ““Coaching Service’’?

The weakness of the “coaching service” or
“Q & A” method employed by some schools
and individuals is that it presumes the student
already has a knowledge of basic electronics.

The Grantham course is presented from the
viewpoint that you have no prior knowledge of
the subject; nothing is taken for granted where
your training is concerned. We ‘“begin at the
beginning” and progress in a logical, step-by-
step manner from one point to another, with the
necessary math taught as an integral part of the
course. Every subject is covered simply and in
detail ; the emphasis is on making the subject
easy to understand.

With each lesson you receive an FCC-type test
so that you can discover after each lesson just
which points you do not understand and clear
them up as you go along. In addition to the les-
son tests, ten comprehensive Review Exams are
given throughout the course.

FEDERAL ovnw\ \'rm\g 0.\' ;
A TEAGTH OV QAT L UCHINESE,

FI1 RST C LASS
S 3

“Aseg B gt 1n Chee
__NOT VALIO UNTIL SIGNED

Is the School Accredited?

Grantham School of Electronics is accredited by
the Accrediting Commission of the National Home
Study Council.

Is It a ““‘Memory Course’?

Grantham School has never endorsed the “memory”
or “learn by rote” approach to preparing for FCC
license exams. This approach may have worked in the
early days of broadcasting, to the extent that a man
could get his license that way; but, Heaven help the
emplover who expected this man to be able to demon-
strate abilities implied by possession of the license!

Fortunately for all concerned, it is no longer pos-
sible for a man to pass FCC exams by spilling out
memorized information which is essentially meaning-
less to him. Advances in the field of electronics—and
the desire of the FFCC to have the license really mean
something — have caused upgrading of the exams to
the point where only the man who is able to under-
stand and reason electronics can acquire the 1st class
FCC license.

Learn to thoroughly understand basic electronics
from the school whose graduates are successfully em-
ployed by virtually every ma1'01 electronics firm in the
United States. Why not join them through Grantham
training?

For further details concerning F C.C. licenses and our training, send for our FREE booklet

©) GRANTHAM

SCHOOL OF ELECTRONICS

Train through home study or at one of our four
convenient resident locations shown below:

1505 N. Western Ave.
Los Angeles 27, Calif.

(Phone: HO 7-7727)
July, 1963

408 Marion Street
Seattle 4, wash.

(Phone: MA 2-7227)

3123 Giliham Road
Kansas City 9, Mo.

(Phone: JE 1-6320)

OO T

ey
% (Mail in envelope or paste on postal card)

T0: GRANTHAM SCHOOL OF ELECTRONICS
NATIONAL HEADQUARTERS OFFICE

a
b

h 1
i '
‘ 1
H v
' 1
H 1
: 3
H 1505 N. Western Ave., Hollywood 27, Calif. !
¥
I Gentlemen: H
' Please send me your free booklet telling how | can get my com- '
! mercial F.C.C. license quickly. I understand there is no obligotion ;
i 1
t Nome Age A
3 [
1 Address :
: :
' 9
! City _State H
821 - 19th Street, N.w. il ] o L e——— 1
washington 6, D. C. ! ] o . 16-K H
t i a :
(Phone: ST 3.3612) :. [J Home Study, [J Resident Classes :
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OUTSELLS, OUTLASTS,
OUTHEATS
THEM ALL

Model 250—standard of the
electronics industry. Choose
from 4 models—100 watt to 250
watt. All heat in 2)4 to 5 sec-
onds. Built-in spotlights focus
on work. $5.95 to $15.95. ]

WORLD'S FIRST

PROFESSIONAL
ELECTRIC PLANE
UNDER 50

$4495

. NEWEST IN
THE W FAMILY
OF FINE TOOLS

For edge and surface work.
Souped up ¥, HP motor
drives cutters 14,500 RPM.

Gy -,

Model 909

“All Saw''
America’s fastest
selling saw.

Model 808 Drill
2-speeds plus
3" Jacobs chuck.

Model 920
- “Zipp Saw"’

1 Great on the job and
*\"&; for awkward cuts.

Model 202
Sander

For fine finishing
in wood, plaster.

Model 910

Belt Sander
For any sanding job.

flﬂ’(f:{
i

PRODUCTS, INC.
5810 Northwest Highway,

WEN
Chicago 31, lllinois
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[CITIZENS BAND TECHNICIAN LICENSE

To the Editors:

As a member of Door Operators and
Remote Control Manufacturers Associa-
tion {DORCMA) and because our com-
pany is vitally interested in the Citizens
Band frequency, we sincerely wish to
compliment vou on your article in the
March, 1963 issue of ErrcTroNics
\Wonwp relative to sctting up a Techni-
cian License for CB equipment,

Although we cannot directly attribute
many ot our prohlems to the operation
of communications equipment that is
outside of FCC specifications, we feel
that in many cases where spurious actu-
ation of garage-door controls operating
in the Citizens Band is experienced, it is
due to equipment, cither licensed or un-
licensed, that is not transmitting a legal
signal.

It Mr. Conhaim’s proposal were to be
adopted, it would go far toward elimi-
nating some of the signals now present
which are causing difficulties with the
satisfactorv operation of garage-door
controls.

We are in the position of having our
legal equipment competing in the spec-
trum with equipment that may be out-
side of specifications as set down by the
FCC and because our equipment causes
the homeowner considerable cxpense
and inconvenience, it spurions operation
is experienced, it becomes an expense
for us and is detrimental to our sales,

It would be quite easy, but expensive,
to go to more sophisticated control
equipment that would solve the prob-
lem but, as we see it, the problem does
not lie i that direction only.

B. A. SxnrH, General Manager
Operator & Electronics Division
Berrv Industries, Lic.
Birmingham, Michigan

To the Editors:

Mr. Conhaim’s proposal of a Citizens
Radio Technician License in your March
issue seems at first to be practicul, but
certain underlving reasons make the
feasibility of the idea uncertain.

First of all, the general process of
licensing presents problems. As stated in
the article, the examination would be
taken by mail. This method has worked
fine for the lower classes of amateur
licenses, where people are tuking an

examination so that they can pursue a
hobby. But when a commercial servicing
license such as proposed makes a differ-
ence whether or not a man can service
his local CB trade, there is some doubt
in my mind if this mail licensing could
stav completely honest.

[ feel also that the difficulty of the
second-class commiercial license require-
ments was subtly exaggerated. Anv TV
or radio repair man worth his signal
generator has enough technical know-
how that can easily be hrushed up to
FCC second-class standards. As for the
liws and regulations, thev are quite
easily learned and should not provide
much difficulty for any serious aspirant.

I think that the service man that is
really intevested in getting CB business
should get a second-class phone licenise
which would give him a greater horizon
of work, rather than trv to get a limited,
scaled-down license for exclusive CB
work.

Steprex T, Curwoon
Westtown, Penna.

To the Editors:

Let's face it—a large portion of the
CB operators do not want “good” serv-
ice by a qualified man—theyv do not want
trequency, power, or modulation checks
by a licensed technician, Case in point—
the writer offcred frequency checks to
members of a CB club with some 30
members. Charge to be less than 50¢
per channel and the monev received to
¢o in the club treasury. Four members
took advantage of the offer! In fact,
general opinion in this area seems to be
that the holder of a first- or second-class
FCC license is automatically an FCC
monitor—therefore don’t let him get near
vour unit!

The writer has purchased a frequency
meter and other equipment to furnish
service on CB gear—and hasn’t had
enough calls for the service to pay for
the gear. You can’t pay for equipment,
maintain a shop and inventory, and meet
the other expenses of a business unless
you can take in some moneyv—enough
money to mect these expenses and have
a little teft over. You can’t work on CB
gear at cheaper hourly rates than vou
apply to vour other work. T don’t know
of any shop that turns down CB work—
it it is profitable. The reason the B
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NewTransistor ranio ANALYST

makes it Easy and Profitable to Service all Transistor Radios

Now you can profit from transistor radio
servicing! This amazing new B&K ‘960"
ANALYST gives you everything in one com-
plete easy-to-use instrument. Makes tran-
sistor radio servicing quick and easy. Nothing
else is needed except the transistor radios
themselves waiting to be serviced. Brings
you new customers for service, parts, and
batteries. Makes this new business yours.

EASILY TROUBLE-SHOOT ANY STAGE
BY UNIQUE POINT-TO-POINT SIGNAL INJECTION

The ANALYST gives you a complete signal-generating
source for point-to-point signal injection. Easily enables you
o trouble-shoot any transistor radio—-check all circuits
stage-by-stage—isolate and pinpoint the exact trouble in
minutes.

Supplies modulated signals, with adjustable control, to
check r.f., i.f., converter, and detector. Supplies audio signal
to check audio driver and audio output. Provides unmod-
ulated signal to test local oscillator. Provides separate audio
low-impedance output for signal injection into loudspeaker
voice coils to check speaker performance.

BUILT-IN METERED POWER SUPPLY FOR EASY SERVICING

Makes it easy to operate radio under test, while you inject
your own signals. Provides from 1 to 12 volts in 115 volt
steps. Supplies all bias taps that may be required.

Solve Every Service Problem and Profit
with a Modern B&K Service Shop. See Your
B&K Distributor or Write for Catalog AP20-N

July, 1963

TRANSISTOR RADIO ANALYST

with Exclusive DYNA-TRACE
Single-Point Probe—and Built-in
Metered Power Supply and VTVM

Complete Transistor Radio
Service ShopinOnelnstrument

Signal-Generator, Power Supply,
Milliammeter, VTVM, Battery Tester,
Ohmmeter, and Both In-Circuit and
QOut-of-Circuit Transistor Tester—
All in One

AUDIO

* OuTPUT
2ni
|
A

d AUDIO
f NETECTOR ORIVER
AUDIO
? OuTPUT
v.C.

SIMPLIFIES IN-CIRCUIT TRANSISTOR TEST
WITH NEW DYNA-TRACE SINGLE-POINT PROBE

Unique single-point probe needs only the one contact to
transistor under test. No longer are three wires required to
connect to emitter, base, and collector. (Gives fast, positive
meter indication. Saves time. Makes trouble-shooting sim.ple
and easy.

CONVERTER IF

OSCILLATOR

BUILT-IN VTVM

Includes high-input-impedance vacuum-tube voltmetler,
which is so necessary for transistor radio servicing.

TESTS ALL TRANSISTORS OUT-OF-CIRCUIT

Meter has “Good-Bad” scale for both leakage and beta.
Also has direct-reading Beta scale, calibrated 0-150. Assures
quick, accurate test. Also automatically determines whether
transistor is NPN or PNP. Meter is protected against acci-
dental overload and burn-out.

Model 960. Net, $9995

BaK MANUFACTURING CO.

Division of Dynascan Corporations
1801 W. BELLE PLAINE AVE. * CHICAGO 13, ILL.
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Oant.
Export: Empire Exporters, 253 Broadway, New York 7, U.S.A.
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CLASSROOM TRAINING COURSES IN
LOS ANGELES AND NEW YORK CITY

START YOUR CAREER

IN ELECTRONICS NOW
AT RCA INSTITUTES...

N Length of
Course Qualifications Course
Electronics High School Grad, with | Day 2V4 yrs.

A | Technology (T-3)

Industrial and
B Communications
Electronics (V-7)
Electronics and
C Television
Receivers (V-3)

Algebra, Geometry,
Physics or Science

2 yrs. High Schoot
with Algebra, Physics

(N.Y., L.A)
Eve. 634 yrs. (N.Y.)
Day 1V yrs.

N.Y., L.A)

or Science Eve. A2 yrs. (N.Y.)
Eve. 3 yrs. (LAA)

2 yrs. High School Day 9 mos.

with Algebra, Physics (N.Y., LA)

or Science Eve. 2Va yrs. (N.Y.)
Eve. 1V2 yrs. (L.A.)

Electronic 2 yrs. High School Eve.
D Drafting (V-11, V-12) | with Algebra, Physics Basic: 1 yr. (N.Y))
or Science Advanced: 2 yrs.
(N.Y)
E Automation Radio Receiver and Sat. 44 wks. (N.Y.)
Flectronics (V-14) Transistor Background | Eve. 9 mos. (N.Y.)
F Digital Computer Radio Receiver and Sat. 30 wks. (N.Y.)
Eiectronics (V-15) Transistor Background | Eve. 6 mos. (N.Y.)
Fundamentals of College Grad. or Sat. 15 wks. (N.Y.)
G Computer Industry Sponsored Eve. 3 mos. (N.Y.)
Programming (CP-1) i
H | RCA301 Computer CP-1or Sat. 15 wks. (N.Y )
Programming (CP-2) Equivaient Eve. 3 mos. (N.Y.)
| RCA 501 Computer CP-1 or Sat. 15 wks. (N.Y.)
Programming (CP-4) Equivalent Eve. 3 mos. (N.Y.)
18M 1401 Computer CP-1 or Sat. 15 wks. (N.Y.)
Programming (CP-3) Equivalent Eve. 3 mos. (N.Y.)
i o Eve. 3 mos.
Color Television Television Background (NY, LAY
i i Eve. 3 mos.
[ Transistors. Radio Background (NY.L LAY

Electronics Background | Eve. 3 mos. (N.Y.)

Day 3 or 6 mos.
(N.Y.

Day 3 mos. (L.A)

Eve. 3 mos, (N.Y.)

Preparatory (P-1) 1 yr. High Schoal

Preparatory

J
K
L,
M | Technical Writing
N
0 Mathematics (P-OA)

1 yr. High School

RCA Institutes is one of the largest technical insti-
tutes in the United States devoted exclusively to
electronics. Free Placement Service. Applications
now being accepted for next term classes in Los
Angeles and New York.

@

[ — — = = Send to the school nearest you =

The Most Trusted Name
in Electronics
RADIO CORPORATION OF AMERICA

I RCA Institutes, Inc. Dept. EWR-73 I
I i
] Pacific Electric Building 350 West Fourth Street "
. 610 S. Main St., L.A. 14, Calif. New York 14, New York
Please send me your FREE catalog. | am interested in the courses circled I
I beiow. I
:ABCDEFGHIJKLMNOI
1
Name.
! (piease print) I
1 address I
' City Zone. State I
D e |

For Home Study Courses See Ad On Opposite Page

user can’t obtain the service Mr. Conhaim savs he wants is
not that it isn’t available—it is because cither he doesi’t want
a licensed man to check his “souped-up” unit or because he
wor't pay enough for a business man to do his work at a
profit. Unfortunately, the kind of technical license a man has
or doesn’t have has no effect on his overhead,

G. ]. HorxADAY

Quality TV Service

High Point, N. C.

To the Editors:

Let me speak as a technician and a licensed FCC com-
mercial operator. 1 vead vour article by R. L. Conhaim. What
this gentleman proposes to do is exactly what is wrong with
the Citizens Band, in general. Generally, the tvpe of equip-
ment is substandard. The operators of this equipment are
even more poorly trained. Housewives, garage mechanics,
pool-hall operators, all have a hand in the pie. And now the
gentleman proposes to unleash these guasi-technicians into
the only field in electronics where there is still some measure
of order.

Those people who bought such equipment knew in ad-
vance what the FCC expected of them. Thev are no different
than thonsands of other people, operating in other bands.
who must also conform to the rules. Any commercial operator
who is actively in the field will handle their business, reason-
ably, as long as he is not hampered by cheapness.

Doucras W. Cook
Master Technicians, Inc.
Kenmorve, N. Y.

Author Conlaim proposed a special FCC license for serv-
icing CB equipment. This proposal represents only one pos-
sible solution to the problem of getting better adherence to
the technical standards and to reduce the number of off-
frequency over-modilated CB signals.—Edifors.

%% i &

DIGITAL READOUTS
To the Editors:

Our compliments on Mr. Walter H. Buchsbanm’s article,
“Digital Readouts,” which appeared in vour February, 1963
issue. I realize that space is always limited in articles of this
type; however, in the discussion of the Union Switch & Signal
readout instruments, several important features are omitted
and there are questions raised which vou should permit us
to answer.

There are thousands of the Union “Readull” instrnments
in service and these units have extended ratings of one
million random readouts before maintenance is required.
This means that on the hasis of one readout every minnte,
twenty-four hours per day, it would be two vears before
maintenance would be requived.

We have had no reports of operational difficulties due to
wiring failures.

Of the thousands of “Readalls” in service, motor replace-
ments have been less than .8%; only 23 motors in 3300 re-
quired replacement.

T. C. SCHROEDER
Union Switch & Signal Div.
Pittsburgh, Pa.
L] L ]
KOBE (“TEN”) TRANSISTOR SUBSTITUTE
To the Editors:

In vour “Kobe Transistor Substitution Directory” (March,
1963 issne), one of the Sylvania substitutes for the Kobe No.
28A30, 25A254 is listed as a Sylvania 2N1038. Although this
transistor is a Ane converter. it is an n-p-n tvpe and, therefore,
canmot be substituted for the p-n-p Kobe types.

MurLe F. Banker
Barker Electronics Service
Concordia. Kansas A
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RCA introduces
a new easy way
tolearn
electronics at home

Learn faster, remember more with this revolutionary new
“learning method’’. And RCA Institutes, Inc. is first to bring it to you!

Forget all your old ideas about learning! The newest
method, RCA “Autotext”, uses the latest scientific devel-
opment in the field of home training! RCA "Autotext” is
a system of programmed instruction, accurately planned
s0 that as you read a series of statements, questions,
and answers, you learn almost without realizing it! It's
fun to learn this new RCA way!

RCA Institutes now offers you a com-
plete Home Training Course using RCA “‘Autotext” called “Intro-
duction to Electronics.” In addition, you get a complete set of
experiment lessons, service practice lessons, and all the kits
you need. You learn electronics theory faster with less effort.

FREE OFFER!

We'll send you complete information on the amazing
new RCA “‘Autotext’, along with a FREE SAMPLE of a
Home Training lesson to prove to you how easy it is
to learn this new way. Check “Autotext”, and infor-
mation will be rushed to you.

RCA INSTITUTES, INC., pept. tw73

A Service of Radio Corporation of America
350 West 4th St., New York 14, N. Y.
Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif.

The Most Trusted Name

in Electronics
®

July, 1963

WIDE CHOICE OF HOME TRAINING COURSES: In addition to
introduction to Electronics, RCA Institutes offers this com-
plete selection of Home Training Courses:

» Electronics Fundamentals* ¢ Communications Electronics

o TV Servicing e FCC License Preparation

e Color TV » Mobile Communications

o Transistors o Automation Electronics

e Electronic Drafting e Computer Programming
*Also available in Spanish

All RCA Institutes Home Training Courses are complete
step by step easy-to-understand units. You get prime
quality equipment in the kits furnished to you to keep
and use on the job. In addition, RCA’s liberal tuition plan
affords you the most economical possible method of home
study training. You pay for lessons only as you order them.
[f you should wish to interrupt your training for any
reason, you do not owe one cent. Licensed by the N.Y.
State Department of Education, Approved for Veterans.

CLASSROOM TRAINING~/_\VAILABLE IN NEW YORK CITY, LOS

ANGELES, AND CHERRY HILL (NEAR CAMDEN) NEW JERSEY.
Check “Classroom Training” and we will rush information.

[ ——— e ——— == e i

| RCA Institutes, Inc. Dept. EW-73
350 West 4th St., New York 14, N. Y.
Pacific Electric Bldg., 610 S. Main St., Los Angeles, Calif.

| Please rush me FREE illustrated book with information checked
l below. No obligation. No salesman will call.

I
I
!
I
|
I
I
I

“Autotext” Home Training
| Classroom Training {choice of city)
' Name Age
l Address N
City Zone State ]
! CANADIANS: Take advantage of these same RCA Institutes Courses l

at no additional cost. No postage, no customs, no delay. Fill out

this coupon and send in envelope to: RCA Victor Ltd., 5581[



HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS
Eico Model ST97 FM-Multiplex Tuner
Audio Dynamics ADC-3 Phono Cartridge

Eico Model ST97

FM-Multiplex Tuner

For copy of manufacturer’s brochure, circle No. 56 on coupon (page 19).

HE Eico STY7 is a high-perform-

ance, moderately priced I'N-multi-
plex tuner, stvled to match the com-
pany’s other audio components, such as
the ST70 amplifier and RPI00 tape
recorder.

Its pre-assembled and aligned front
end is fully shielded to meet FCC radia-
tion requirements. It uses an ECC83
dual triode as a neutralized r.f. amplifier
and self-oscillating mixer. The a.f.c. is
supplied by a silicon diode voltage-
variable capacitor.

The i.f. amplifier is constructed on a
printed board. It has four 6AUG ampli-
fier/limiter stages and a GAL5 wide-

bias of the first limiter stage supplies
a.g.c. voltage to the v.f. amplifier. The
grid voltage of the last limiter operates
the tuning-eye tube, a DM70. The eve
tube serves as a dial pointer, traveling
along the horizontal dial scale. It nor-
mally glows green, and the size of its
glowing area shrinks when a station is
tuned in.

The multiplex demodulator uses the
filter-less switching circnits emploved in
the company’s MX-99 multiplex adapter.
The 19-ke. pilot carrier is full-wave rec-
tified to develop the synchronizing volt-
age for the 38-ke. oscillator. The d.c.
component of the rectified pilot signal,
after amplification, lights a neon lamp
to indicate the presence of a sterco

band ratio detector. The rectified grid  broadcast.
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The neon stereo indicator, like the
tuning eve, serves as a traveling pointer
along a logging dial scale. The tuning
and logging scales are side by side, span-
ning almost the entire width of the
tuner. In addition to the tuning knob
and power switch, the panel of the tuner
has a stereo separation control. Normally
set at mid-position, it may be trimmed
as needed on suitable stereo broadcasts
(when only one channel at a time is
used) to obtain maximum separation.

Our lab measurements confirmed the
quite impressive performance specifica-
tions of the STY7, with due allowance
for normal measurement error. Its THI
usable sensitivity, rated at 3 uv., meas-
ured 3.2 uv. After a touch-up alignment,
this improved slightly to 2.8 «v. Mini-
mum harmonic distortion at 100% mod-
ulation, rated at 0.6% was 0.9% (=41 db).
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Hum was —35.5 db re 100% modulation.
The over-all frequency response was
+ 1.5 db from 50 to 15,000 cps, it is
rated at = 1 db from 20 to 15,000 cps.
The capture ratio, rated at 3 db, was
measured at 2.4 db. This is an excep-
tionally good figure. The a.f.c. action
was extremely powerful, reduciug drift
and mistuning by over S times. Drift
even without af.c., was very small. The
audio output was 0.9 volt at 100% modu-
lation with strong signals. There is no
level control, but this level should be
compatible with any amplifier.

The stereo channel separation at 1000

ELECTRONICS WORLD



No manufacturer can make
a top-quality 50-watt stereo control-amplifier
for less than $130.

But you can.

(With the Fisher KX-100 StrataKit, for only $129.50.)

THE FISHER

If you want a no-compromise amplifier
at a compromise price, you can’t buy it—
you have to build it yourself. And no one
can build a better 50-watt single-chassis
stereo control-amplifier than the Fisher
KX-100, at any price!

Here is today’s most spectacular value
in amplifier kits. The 50-watt music
power output (IHFM Standard, both
channels) assures superior dynamic
range regardless of speaker efficiency.
Harmonic distortion at rated output is
only 0.5%. A special power output is
provided for driving a third speaker
(center channel or mono extension)
without the use of an additional ampli-

CSWALNUT OR MaNOGANY

July, 1963

ARINET, $24.95. METAL CABINE]. $15.65. PRICES SLIGHTLY HiGHER IN THE FAR wEST. T€XPORT. F

fier. The exclusive Fisher DIRECT-TAPE-
MONITOR® permits the use of all controls
and switches during tape monitoring
without any change in cable connections.
The convenient front-panel headphone
jack is equipped with a switch for silenc-
ing the main loudspeakers, if desired. All
other control and switching facilities are
equally professional in their flexibility.

And who can build the KX-100? Any-
one. Previous experience is immaterial.
The exclusive Fisher StrataKit method
makes Kit construction so easy and error-
proof that there is no longer a difference
between the work of a skilled technician
and that of a total novice. You can’t help

The Fisher

CIRCLE NO. 117 ON READER SERVICE PAGE

151ER RADIO INTERNATIONAL, INC.. LONG ISLAND Cifr 1. W.Y. CANADA: TRL.TEL &

c STRATAKIT

ending up with a faultless Fisher ampli-
fier. All you need is the desire, a few

FREE! $1.00 VALUE! The The
Kit Builder’s Manual: a new, Kit Builder's
illustrated guide to high- Manual

fidelity kit construction.
Fisher Radio Corporation
21-38 44th Drive

Long Island City 1, N. Y.

Plcase send me without

charge The Kit Builder’s Manual, complete
with detailed information on all Fisher
StrataKits.

Name.
Address

l——----
L L L L Ty

SSOCIATES. LTD.. wiLLOWDALE. OWT.
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/" RECORD
SSOUND
PROFESSIONALLY

INDUSTRY AND BUSINESS

' cgy::em:':ord
72& PROFESSIONAL

SERIES

This tape recorder meets the most
exacting requirements for perform-
ance and reliability in audio recording
and reproduction. The 728 Series pro-
vides the standard for excellence
demanded by professional audio engi-
neers in Radio, Television and Sound
Studios. Tape Speeds: 72 and 15 ips.
{The 748 Series offers 334 and 72 ips.)
Panel rack adapter is optional. Weight,
50 1bs. approx. from $900

Complete specifications gladly furn-
ished upon request. Magnecord is
represented by leading industrial elec-
tronics distributors and audio dealers.

Write today for more information

el

v e 7

.\m;l u& 1 R VS -
?72 agnecord
SALES DEPARTMENT

MIDWESTERN INSTRUMENTS

. BOX 7509 + TULSA 35, OKLAHOMA
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eps was in excess of 30 db, as rated (it
actually averaged about 36 db). The
separation fell off smoothly to 15 db at
50 cps and 15,000 cps. Critical adjust-
ment of the separation control was
needed to obtain the best mid-range fig-
ures, but even when it was set to its
mid-position, the separation was about
25 db. This is better than many good
phono cartridges.

The construction manual states that
no alignment is needed atter wiring the
kit. We found that the eve closure did
not coincide with the proper tuning

point. A slight re-adjustinent of the dis-
criminator transformer corrected this.
Otherwise, there was no need for any
alignment on our test unit, which was
assembled in only 9% hours from a kit.
Instrument alignment for minimum dis-
tortion resulted in a slight reduction of
distortion at low signal levels, but would
not be warranted for the average user.

In sensitivity, listening quality, and
tuning ease, the ST97 is in the same
league with many wired tuners costing
far more. In kit form, it sells for $99.95,
factory-wired it is $149.95. A

Audio Dynamics ADC-3 Phono Cartridge

For copy of manufacturer’s hrochure, circle No. 57 on coupon (page 19).

HERE are many people who would

like the effortless, clean sound of the
Audio Dynamics Corp. ADC-1 stereo
phono cartridge (March issue), but who
have tonearms or possibly record chang-
ers that are not suited for the fractional
gram tracking force of the ADC-1. For
them, and others who wish to get top-
quality sound for bottom-dollar prices,
ADC has recently brought out the
ADC-3.

Basically, the ADC-3 is a moving-
magnet cartridge much like the ADC-1
and ADC-2. It has a replaceable
“winged” stylus assembly, with a 0.7-mil
diamond stylus and a minimum compli-
ance of 15 x 107" em./dvne. Its rated re-
sponsc is 10 to 20,000 cps =3 db, with
30-db rated separation between 30 and
7000 cps. The ADC-3 differs from the
ADC-1 chiefly in its lower compliance,
slightly greater tip mass (0.8 mg.), and
higher tracking forces (2 to 6 grams),
plus a slightly higher output (10 mv.).
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Checking the tracking ability of the
cartridge, we found that it would play
the Cook 60 record (32 cps) at 2.5 grams
and the Fairchild 101 record (1000 cps,
30 em./sec.) at 2.235 grams. Since cither
of these is a far more severe test of a
pickup’s tracking ability than ordinary
music records, we used the minimum
recommended tracking force of 2 grams
in our tests.

The frequency response of the car-
tridge, playing the CBS Labs STR-100
test record, was = 2 db up to 16 ke. Its
channel separation was 27.5 db at mid-
dle frequencies, reducing to 15 db at 10
ke. and exceeding 12.5 db all the way up
to 20 kc. The output of the cartridge was
8.9 mv. at 5 cm./sec. lateral velocity.

RESPONSE-DS8
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10K C.

2KC. 20K C,
FREQUENCY-CPS

The outputs of the two channels differed
by 1.5 db at 1000 cps. The 1000-cps
square wave of the CBS Labs STR-110
record was reproduced with a single
overshoot of about 20% amplitude, which
was quickly damped. The hum shield-
ing of the ADC-3 was quite good.

The intermodulation distortion, meas-
ured with the RCA 12-5-39 record, was
low up to about 10 c¢m./sec. peak veloc-
ity, rising rapidly at higher velocities.
The distortion at higher velocities could
probably be reduced by using higher
tracking forces, but this did not seem to
be necessary on the basis of our listening
tests.

The cartridge has a bright, highly de-
fined sound. It must take its place with
a select group of fine phono cartridges
on the basis of its performance, vet it is
rugeed enough for any record changer.
It is priced at $29.50. A
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Pick the course for your career...
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A comprehensive program
covering Automation, Com-
munications, Computers,
Industrial Controls, Tele-
vision, Transistors, and
preparation for a 1st
Class FCC License,

ST

i

License

If you want a Ist Class
FCC ticket quickly, this
streamlined program wil!
do the trick and enabie
you to maintain and serv-
ice all types of transmit-
ting equipment.
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Mobile Radio, Microwave
and 2nd Class FCC Prep-
aration are just a few of
the topics covered in this
“compact” program . . .
Carrier Telephony too, if
you so desire.

Here's an excellent stu-
dio engineering program
which will get you a st
Class FCC License and
teach you all about Pro-
gram Transmission and
Broadcast Transmitters.

Get A Commercial FCC License
... Or Your Monevy Back!

A Commercial FCC License is proof of electronics skill
and knowledge. Many top jobs require it . . . every em-
ployer understands its significance. In your possession, an
FCC Commercial Ticket stamps you as a man who knows
and understands electronics theory . . . a man who’s
ready for the high-paid, more challenging positions.

Cleveland Institute home study is far and away the
quickest, most economical way to prepare for the FCC
License examination. And that’s why we can make this
exclusive statement:

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

Before you turn this page, select the program that fits
your career objective. Then, mark your selection cn the

Cleveland Institute

_Q\TEL
of

of Electronics

1776 E. 17th Street, Dept. EW-79
Cleveland 14, Ohio

wouvN.,
Ung

K
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coupon below and mail it to us today. We’ll send you . . .
without obligation . . . complete details on our effective
Cleveland Institute home study. Act NOW . . . and
insure your future in electronics.

Mail Coupon TODAY For FREE Catalog

Cleveland Institute of Electronics
1776 E. 17th St., Dept. EW-79
Cleveland 14, Ohio

How to Succeed
in Electronics

Please send FIREE Career Informa-
tion prepared to help me get ahead in
Electronics, without further obligation.

CHECK AREA OF MOST
INTEREST —

AN M oy i "\\t.v o

D Electronics Technology D First Class FCC License
[J Industrial Electronics [] Electronic Communications

i
|
|
|
|
|
|
|
}
|
[[] Broadcast Engineering O {
|
|
|
|
|
i
|
|
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other

Your present occupation —

Name.

{please print)

Address
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City Zone State "
L Approved for Veteran's Training under Korean GI Bill. EW-79
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the HIDDEN 600"

PRESENT Tl

WORLD FAMOUS PERFORMIERS

*The “Hidden 600" are Sprague’s behind-the-scenes staff of 600 experienced researchers
who man the largest research organization in the electronic component industry and who
back up the efforts of some 8,500 Sprague employees in 26 plants.

DIFILM’ BLLACK BEAUTY"
MOLDED TUBULAR CAPACITORS (SRR :

The world’s most humidity-resistant molded capacitors. Dual a'zelcclnc—po[ycslerﬁ[m and special capacitor tissue—
combines best features of both. Exclusive HCX® solid impregnant produces rock-hard section— nothing lo leak, or
drip. Tough case of non-flammable phenolic—cannot be damaged in handling.

DIFILM ORANGE DROP™ =2, T
CAPACITORS

Especially made for exact, original replacement of radial-lead tubulars. Ideally suited for
printed wiring boards. Dual dielectric combines the best features of both polyester film and
special capacilor tissue. Exclusive HCX® solid impregnant—no oil to leak, no wax to drip.
Double dipped in bright orange epoxy resin to beat heat and humidity.

SPRAGUE
L5818 6300
AY sp!-'so -

] ® The most dependable capacilors of their type. Built
{o “take it” under torrid 185°F (85°C) temperatures
—in crowded TV chassis, sizzling auto radios, port-
able and ac-dc table radios, radio-phono combinations,
ele. Hermetically sealed in aluminum cases for excep-

g‘% ELECTROLYTIC CAPACITO RS liona{ly IOfrg life. Wi{hslana’ l‘n'gh st.lrge’vollagcs. Ideal

for high ripple selenium rectifier circuils.

® A T SPRRGUE y
ATOM . =
&L&Lﬁ!"‘q‘lﬁg Gay
ELECTROLYTIC CRAPAGCITORS

The smallest dependable electrolytics designed for 85°C operation in voltages to 450 WVDC. Small enough to fil
anywhere, work anywhere. Low leakage and long shelf life. Will withstand high temperatures, high ripple currents,
high surge voltages. Metal case construction with Krafthoard insulating sleeve.

ERA-MITE CERAMIG GAPAGITORS

Tiny, tough, dependable in practically every application. Low self-inductance of silvered flat-plate design 5
gives improved by-pass action in TV r-f circuits. Higher self-resonant frequency than tubular ceramics k “

or micas. Tough moisture-proof coating. Designed for 85°C operation. ;

|
NOW APPEARING DAILY AT YOUR FAVORITE SPRAGUE DISTRIBUTOR!

For a permanent reference to this world-renowned galaxy of star performers, ask your Distributor for a copy of Sprague’s é
@ handy Hanging Wall Catalog C-457, or write Sprague Products Company, 51 Marshall Street, North Adams, Massachusetts. ¥ QD3%
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READER SERVICE PAGE

Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products & Lit-
erature” can also be obtained by following this same procedure.

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

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

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

ELECTRONICS WORLD
P.O. BOX 7842
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PHILADELPHIA 1, PA.
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Can you find

another kit that
offers so much
for $999%P

EICO ST70, 70-WATT STEREO AMPLIFIER

Beyond the performance level of thesc two units, possible improve-
ment is merely marginal and very expensive. That's why with
EICO’s 3T97 and ST70 you strike the optimum balance of cost and
performance-—each costs less than $100 as a kit. You can also get
the ST70 and ST97 factory-wired for $149.95 each—and you couldn't
find comparable wired units at the price.

If high power isn't your primary need, you can get superb sound
for even less with EICQO’s ST40, the 40-watt counterpart of EICO’s
outstanding ST70. The ST40, essentially equal to the ST70 in all but
power, costs $79.95 as a kit, $129.95 factory-wired.

ST70 DATA: As the center of your stereo system, the ST70 accommodates
all program sources. It even has separate inputs for both turntable and
record changer, preamplified tape signals and tape head with correct equali-
zation for both fast and slow tape specds. A center channel output feeds
directly on a center channel speaker or, where desired, extension speakers
throughout your house without any additional amplifier. Critical parts —
filter capacitors, rectifiers, output tubes—all operate well below their ratings
to assure long, trouble-free life, Oversize output transformers deliver full
rated power all the way down to 30 cps. . . . And as a kit builder, you'll like
the spacious layout. We got rid of all those tight places. Kit $99.95. Wired
$149.95 (includes metal cover).

SPECIFICATIONS ST70 Output Power: T0 watts (continuous sine wave
35-watts per channel) IM Distortion: 19% at 70 watts. Harnionic Distortion:
less than 1%. Frequency Response: + Y% db 10-50,000 cps. Inverse Feedback:
17 db. Stadility Margin: 10 db. Hum and Noise Level:* mag. phono —63 db;
tape head —54 db; tuners, auxiliaries —78 db. (all measurements according
to 1HFM standards.)

20 CIRCLE NO. 111 ON READER SERVICE PAGE

Gan you find

another kit that
offers so much
for 399959
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EICO ST97 FM STEREO TUNER

ST97 DATA: Building the ST97 FM stereo tuner requires no instruments, no
critical adjustments.The front end and IF stages are fully pre-wired and pre-
aligned. The tunable coils of the stereo demodulator are factory-adjusted.
With four IF stages plus a stable, sensitive front end, the ST97 pulls in
clear stereo even under fringe conditions, and EICO's filterless zero-phase
shift stereo detector (patents pending) maintains reliable channel separa-
tion. EICO's unique traveling tuning eye makes tuning simple and precise.
Stereo stations are automatically identified by a pilot light. Semi-kit $99.95,
Wired $149.95. (Includes metal cover and FET.)

SPECIFICATIONS ST97. Sensitivity: 3uv (30 db quieting), Sensitivity for
phase-locking (synchronization) in stereo: 2.5uv. Full limiting sensitivity:
10pv. Detector Bandwidth: 1 megacycle. Signal-to-Noise Ratio: —355 db.
Harmonic Distortion: 0.69%. Stereo Harmonic Distortion: less than 1.5%%.
IM Distortion: 0.1%. Frequency Response: +1 db 20 cps-15 ke. Capture
Ratio: 3 db. Channel Separation: 30 db. Controls: Power, Separation, FM
Tuning, Stereo-Mono, AFC-Defeat (all measurements to IHFFM standards).
“Actual distortion meter reading of derived left or right channel output
with a stereo FM signal fed to the antenma input terminals.

See these superb components at high fidelity dealers everywhere. For FREE
32-page catalog, 36-page Sterco Hi-Fi Guide (enclose 25¢ for handling) and
dealers name, write: EICO ELECTRONIC INSTRUMENT CO. INC.,
3300 Northern Boulevard, Long Island City, New York. Export Dept.:
Robuun Agencies Inc., 431 Greenwich Street, New York 13, N. Y. EW-7

HFT.80 Fu TUNER
ki1 $39.95 wired $65.95

Qamm e e

ety X3 LR S 5

HFS:6 3.WaY,
RP 100 STEREQ TAPE LECK 3.SPEAKER SYSTEM
semiut $299.93 wired $399.93 A1 $52.50  wired $62.50
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New techniques and
see the atomic structure of matter for the first time. Description of the transmission
microscope, electron- and ion-emission types, proton microscope, and ultraviolet type.

By KEN GILMORE

OMETIME during this yeuar, a dramatically im-
proved electron microscope may open up to
scientists a completely new view of the universe.

Where current electron microscopes reveal for the most
part only molecules, these new devices may allow re-
searchers to actually see the alomic structure of matter
—a long-time dream of scientists.

1f the new instrument, now under construction at
the University of Arizona, works as well as preliminary
experiments indicate it will, it could have far-reaching
effects on electronics, metallurgy, medicine, and other
fields of science. But perhaps its most important impact
will be in biology, where scientists are now on the
threshold of decoding the complex DNA molecule, the
substance which may hold the key to the mystery of
Life itself.

The instrument that promises to play a starring
role in this coming scientific triumph is the latest in
a family of electronic magnifving devices stretching
back to the early part of the century. Included among
its ancestors and cnrrent relatives are several genera-
tions of electron microscopes as well as a group of such
reluted devices as the electron-emission microscope,

Fig. 1. The field-emission microscope is closely related to

the cathode-ray tube. Electrons are stripped by a high volt-

age from the tip of a needle made of a metal whose structure

is to be investigated. These electrons are fired ot o screen.
Magnification depends on ratio between tip and screen sizes.

SCREEN \

ELECTRONS LEAVING
TIP PROJECT THE
IMAGE OF THE ATOMIC
STRUCTURE OF TIP
ONTO THE SCREEN

instruments now under construction may allow researchers to actually

ion-emission microscope, the proton microscope, and
the ultraviolet flying-spot scanner.

Need for Electronies

The marriage of microscopy and electronics actually
had its origin v a discovery in the 19th century, al-
though no one knew it at the time. Ernest Abbe, a
British scientist, published an analysis in 1875 show-
ing that no object could be seen if it were much smaller
than the wavelength of the light used to illuminate it.
This meant that nothing smaller than about 2000 ang-
stroms® (approximately 1/125.000th of an inch) could
ever be seen with a light microscope. Since microscopes
of the day didn’t have lenses good enough to approach
2000 angstroms resolution, the point was academic.

But, in time, lenses improved. With a resolution of
2000 angstroms, the best instruments could reveal a
few large moleenles and many bacteria, microscopic
plants, and other fascinating particles never belore
seen by man. But small molecules, viruses (whose exist-
ence was not even suspected at the time), and atoms
were far bevond the instrument’s power.

One early attempt to get around the fundamental
Law of nature which limits resolution took place in the
early vears of the 20th century when J. E. Barnard,
an English microscopy expert, developed an instru-
ment using ultraviolet, rather than visible light. The
image couldn’t be seen by the eye, since ultraviolet
light is invisible, so it was focused onto a photographic
plate which is seusitive to nltraviolet.

The ultraviolet microscope offered improved reso-
Intion, twice as good as a visible light microscope, but
its greatest magnification was still far less than research-
ers wanted.

The first real step toward major improvement in
microscopy came in 1924, Louis de Broglie, the dlis-
tinguished French nuclear physics pioneer, speculated
that elementary particles, especially electrons, in some
ways demonstrate a wave-like nature similar to light. He
derived the formula: wacelength = h/mc, where h is
Planck’s constant, m is the mass of the particle in-
volved, and ¢ is its velocity. 1f an electron were acceler-
ated to a velocity produced by an accelerating field of
*One angstrom unit equals 2,937 x 10-* inch or one¢ hundred millionth

of a centimeter (1 x 10 " meter).
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ELECTRON GUN
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Fig. 2. Cross section of Norelco EM-200 electron microscope.

60,000 volts, its wavelength accordingly would work out to
be close to one-twentieth of an angstrom—about 1/40,000th
of a wavelength of light. If an instrument using electrons,
instead of light, could be built, its theoretical resolution would
then be 40,000 times better than that of the finest light micro-
scopes in existence.

Early Instruments

During the next fourteen years, scores of instruments were
built, and many worked, to a degree, Iirst to operate were
the emission microscopes (Fig. 1). A stream of electrons from
the cathode was magnified as it passed through a series of
electrostatic or electromagnetic lenses (not shown), then
projected onto a fluorescent screen. It gave a tremendously
enlarged picture of the cathode itself, since the electrons from
the cathode projected the cathode’s microscopic structure
onto the screen. The emission instrument, the first true elec-
tron microscope, was bypassed because the only image it
can magnify is the image of the cathode itself. But recently,
both emission and ultraviolet microscopes have been the sub-
ject of renewed interest, since they still offer certain unique
advantages.

Although the work with emission instruments was encour-
aging, most early eflorts went into the building of transmission
microscopes—the kind generallv used today. Here the elec-
tron stream passes through a thin specimen and projects the
picture of that specimen on the screen. Almost anvthing of

22

interest to science can be viewed with such an instrument.

Several working transmission instruments were built in the
mid-1930’s. Then, in 1938, came a milestone in the history
of microscopy. H. O. Miiller and E. Driest, working in Ger-
many, completed the first electron microscope whose resolu-
tion excecded that of the best light instruments.

Development from that point was rapid. Less than a vear
later came an instrument that could resolve 100 angstroms
and see particles 20 times smaller than anvthing viewed be-
fore. By 1940, resolution had improved so that objects only
20 angstroms across could be seen and RCA put the first
commercial instrument on the market, By 1945—with dozens
of the devices now making vast contributions to fundamental
sciences in laboratories around the world—resolution reached
about 10 angstroms. There, improvement all but stopped and
even today the best instruments resolve no more than approxi-
mately 6-8 angstroms under optimum conditions.

Operating Principles

The modern electron microscope (see cover and Fig. 2) is
actually nothing more than a large, highly specialized cath-
ode-ray tube. An electron gun at the top of the column gen-
erates u cloud of electrons which are attracted by the anode
a short distance away. This electrode, normally operated at
50,000-100,000 volts positive with respect to the cathode,
attracts the electrons strongly. They move toward the anode.
{Actually, the anode and the rest of the instrument are usu-
ally at ground potential for safety’s sake, and the insulated
clectron gun is held at a high negative potential.)

The electrons accelerate to a high speed, shoot through
the hole in the anode, and continue on down the column to
the viewing screen and photographic plate at the bottom.
They pass through a magnetic field (generated by the con-
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worked fairly well with rather poor regulation, so were favored
many years ago when voltage-regulation techniques were
poorer. The inherently greater distortion of these designs,
though, has made their use in microscopes quite rare today.
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Fig. 4. Parts of the electron beam passing through a mag-
netic lens near the center do not come into focus at the same
plane as those passing through nearer the outside of the elec-
tron beam. This phenomenon is known as spherical aberration.

denser lens, actually a coil) shortly after leaving the anode,
and are focused into a tight beam as they hit the specimen. A
section of the beam hitting the dense section of the specimen
is largely absorbed, another part hitting a thinner area passes
throngh with little or no attenuation.

The beam, retaining the varving pattern of electron density
impressed on it as it went through the specimen, then goes
through a series of magnetic objective and projector lenses
(coils) which magnify it. Finally, it reaches the bottom of
the column where it falls on a fluorescent screen and repro-
duces—much magnified—the image of the specimen. A cam-
era is arranged either to photograph the luminous screen, or
else to allow the electrons themselves to fall directly on an
electron-sensitive photographic plate.

Construction is Critical

Although the electron microscope is simple in principle,
its mechanical and electronic design (Fig. 3) present severe
problems. Most of them—especially those which limit resolu-
tion—are associated with the electronic lens,

In a modern magnetic lens (electrostatic lenses, once popu-
lar, are rarely used today because of their greater inherent
distortion) the magnetic lines of force are confined by a soft-
iron-sheathed coil. The electron beam, shooting through this
field, spreads into a cone shape and is greatly magnified, like
a light ray passing through a glass lens.

The trouble comes in meeting critical construction toler-
ances. Pole pieces machined to the highest standards consist-
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ent with current production techniques and the most accurate
lens coils available are not good enough. Minor, but unavoid-
able, imperfections and traces of contamination put kinks in
the magnetic field big enough to distort the electron beam.
For this reason, compensating circuits are included and final
alignment is done by watching the image produced while
adjusting the instrument for least distortion.

Another problem is spherical aberration. Electrons passing
through the center of the magnetic lens converge (come into
focus) at one distance, those passing through the lens away
from the center, at another (Fig. 4). If the part of the picture
represented by the center of the beam is in focus, other parts
are hazy.

One reason clectron microscopes are operated at high volt-
ages is that high-velocity electrons, like a speeding bicycle
rider, are more stable than slow-moving (low-voltage) ones.
But this high-voltage technique—used almost exclusively on
modern instruments—brings its own problems.

The most serious one is that fast-moving electrons have
relatively greater penetrating power. They are likely to whiz
right through even the densest parts of the specimen with

% o . . =

Researcher at work on new RCA EMU-3G electron microscope.
Fig. 5. (A} Configuration of conventional and (B} improved
lens structure. The lens is cone-shaped, with the angle of
the cone’s inner surface being greater than the angular di-
vergence of the electron beam. The beam then ‘'sees’’ only the
thin lip of the lens and is not affected by imperfections on
most of the inner surface. (C) and (D) show how this new tech-
nique has been applied to the design of a complete column.
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Fig. 6. Cross section of microscope déesigned by Dr. Wilska,

few being stopped, and no image being formed. Conse-
quently, microscopists use relatively thick specimens, which
contain enough matter to stop part of the electron beam. In
practice, the thinnest practical specimen is about 200 ang-
stroms. And, as a general rule, it is impossible to see specimen
details in an electron photomicrograph smaller than about
1/10th the thickness of the sample. With a 200-angstrom-
thick specimen, maximum resolution is about 20 angstroms.
In some cases it can be reduced to half that and, in excep-
tional cases, objects 6 to 8 angstroms have becen resolved.

This puts scientists tantalizingly close to one of their major
goals—to see the atoms in biological molecules of greatest
interest, such as DNA. These atoms, it is estimated, are some
2 to 3 angstroms in diameter. This is within the theoretical
resolving power of the electron microscope, but it has not
as vet been achieved.

Promising New Developments

The work of Dr. Alvar Wilska, a Finnish-born scientist now
at the University of Arizona, is attracting attention because
his two major improvements in the electron microscope prom-
ise to extend its resolving power into this vital region. To get
around the thickness problem, Dr. Wilska lowered the ac-
celerating voltage so that the electrons could be stopped by
thinner sections. But slower-moving electrons are far more
sensitive to lens imperfections, clectrostatic charges on the
column, and stray magnetic fields.

Dr. Wilska built a series of low-voltage instruments in
which he gradually improved the lens design to the point
where he got usable pictures with accelerating voltages as
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low as 1000 volts. His main design innovation was to build
a special cone-shaped lens so that the electron beam would
“see” less of the lens as it passes through, and therefore be
less affected by its imperfections (Figs. 5 and 6).

This improvement gave high-contrast pictures from speci-
mens only a few angstroms thick and thus eliminated one
fundamental limitation to better resolution. But the resolving
power of the microscope was improved little, if any, because
of the effects of spherical aberration.

Several years ago, Wilska set to work on this problem.
Since spherical aberration is caused by electrons passing
through various parts of the lens and coming into focus at
different planes, the solution was to make them all go through
the lens at the same distance from its axis.

Wilska blocked the center of the lens (Fig. 7A) so that
all electrons must pass through a narrow annular slit. An ex-
perimental lens built on this principle worked as predicted.
A full-scale microscope, using both the low-voltage and spher-
ical-aberration-correcting techniques worked out by Wilska
is now under construction. Within the yeur, it may let man
see the atoms of which living matter is made.

Other Approaches

As de Broglie’s formula shows, mass of the illuminating
particle is inversely proportional to wavelength. Therefore,
greater theoretical resolution could be achieved by using par-
ticles heavier than electrons. Such particles might also be
more stable and less subject to distortion by lens contamina-
tion and stray magnetic ficlds. Putting these principles to
work, a team of French scientists at the National Research
Center in Paris has built a microscope which uses protons in-
stead of electrons. Although this approach has attractive pos-
sibilities, there are many practical — (Continued on page 60)
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Fig. 7. (A) Special design to reduce / N \\
spherical aberration. (d) is con~ AT e ® )
denser lens gap while (e) is objec-
tive lens gap. Of the total cross (B)

section of the electron beam, only a

narrow annular portion passes between marginal ring la) and
central stopper (b). Both (a) and (b) are at the same positive
potential as the column itself, while there is an electrostatic
field between negatively charged ring electrode (¢) and the cen-
tral stopper (b}. This field increases in strength toward the cen-
ter thus counteracting effects of spherical aberration within the
zone between {a) and (b). (B} Dr. Miller's ion emission micro-
scope achieves greater resolution than its predecessor, the field
emission microscope, by using ions instead of electrons to fire
at the screen and reproduce an image of the atomic lattice of
the emitting tip. If the tip is cooled enough, by use of liquid
nitrogen, helium molecules will stick long enough to lose kinetic
energy. Thus, these molecules become much easier to ionize.
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RC FILTER CHART

Graph jor use in calculating proper values of resistance
and caparitcnce for coupling, decoupling, and bvpassmo.

CAPACITY -UF, ——

APACITORS perform many vital ) . L g 3
functions in amplifiers, such as - ” < CAPACITY—pF,O ¢ e o
extending the frequency re- 3 § o 9 2 ° 5
sponse, increasing gain, and inhibiting CAPACITY-PF. ——>= s
“motorboating” tendencies. Choosing the vt A Y T s Al O 110 T (o W e
proper value of capacity for each job { ‘ | ; “" Ll 1 r[* ' /k 1 : g
can be a difficult problem, but this chart Fi 3141 2 S it i, SR aL'._‘ | l A
(based on a simple design rule) solves ol oyt el B E | T A
cach problem easily. - A

Adegunate coupling, bypassing, and
decoupling in RC filters (C~R,, R:i-C, :
R.-C., R;-C;) are assured when the ca- Py
pacitive reactance, at the lowest fre-
queney of interest, equals about one-
tenth of the filter resistor’s value. This
chart gives the required capacitor values
from 1 wuf. to 1000 uf. for resistors of 1
to 100,000 ohims over a frequency range
of 10 ¢ps to 16,000 me.

iel}

oZ St

Using the Chart

From the known resistor value go up 8
to the frequency curve of interesl, go
across to the left, and read the capacitor
value from the appropriate scale. The
key shows which capacity scale to use
for each frequency curve. For example,
a 2000-ohm resistor (point A) is ade-
quately byvpassed by 20 uf at 40 cps,
0.02 of. at 40 ke., or 20 unf. at 40 nmc.

R., R, and R. are normnally fixed by
circuit vequirements, but Ry, when used,
in most low power amplifier stages
should be about 1/5 to 1/10 of R/, R -
C, isolates stages from the effects of u
common power-supply impedance. If
R, Ry, and Cr are used as a power-
supply filter, this chart can determine
the minimum value of capacity for [filter-
ing applications.

oo!

o0z QSi

- SWHO-3ONVLSIS3Y

Extending the Chare

The chart can be “extended” for very
low Ereaquency use by dividing each ¢ps
scale by 1000 and increasing the hich C
scale by 1000; thus the chart would now
cover from 1000 «f. to 1 farad over the
range 0.01 to 16 cps.

Additional frequency scales can be
added by computing X, for two dillerent
capacitors at the same {frequency. Mul-
tiply each X. value by 10 and plot points
to get the new curve.

Posted near vour bencl or lab table,
this chart will save time and efiort. A

HOQI MOL HOS
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DOMESTIC REPLACEMENTS

By JERRY EIMBINDER / Derivation & Tabulation Assoc., Inc.

for current models 1n

An 34

brands, European as well as Japanese, 1s based on specific applications

unusual tabulation of available substitutes

and sets rather than correlation of transistor-for-transistor similurity.

EPLACEMENT of foreign-made transistors and other
semiconductors with American-made types continues
to be a serious problem, partly for want of inter-

changeability data, but also because such information is not
always adequate when available. The listing included here
was compiled to help solve both basic difficulties.

Tor reasons that will become clear, the equipment using
the transistor or diode was chosen as the starting point, rather
than the semiconductor itsell. The comprehensive tabulation
covers not only the popular Japanese-made radios, but those
imported from European countries as well, In addition, re-
ceivers assembled on these shores from semiconductors ob-
tained abroad are listed. Since thev represent no replacement
identification problem, foreign-made sets using transistors
that are ecither made here or carry domestic tvpe numbers
(assigned by the Joint Electron Devices Engineering Council)
are not considered.

Although the upproach used here is somewhat unusual, it
was not chosen arbitrarily. In fact, it was developed after an
evaluation of the merits and drawbuacks of other methods now

being used for the listing of replacement recommendations.

In one system widelv used by domestic transistor manufac-
turers, forcign types are listed first. Each is then followed by
the compiling source’s recommendation for his own replace-
ment. There will generallv be some qualification similar to
“Our Nearest Type to the Original.” This conservatism has
merit. Suppose the suggested replacement will satisfactorily
replace the original in some applications, but not in others.
The manufacturer will obtain the business in some cases, but
won’t be held responsible where replacement does not work.

If the user of the guide is designing equipment, he can
alter his eircuit somewhat. if necessarv, to accommodate the
domestic unit. If he is a service technician or consumer, how-
ever, he mav be reluctant to invest where there is risk.

In another approach, the original transistor is listed, fol-
lowed by several possible equivalents from various sources.
The degree of equivalence and the particular characteristics
that may be similar or different are not indicated. Often the
user. although he is unfamiliar with the original unit, has full
specifications on two or more of several possible replace-

RADIO NAME R | osciator l 1st LF. AMPL. l 2nd LF. AMPl.i AF.DRIVER | AF. mruma‘ OTHER
] | !
AND MODEL | ORIG. REPLACE.| ORIG. REPLACE| ORIG. REPLACE] ORIG. REPLACE| ORIG. REPLACE| ORIG. REPLACE] ORIG. REPLACE.
TYPE TYPE | TYPE TYPE | TYPE TYPE | TYPE TYPE | TYPE TYPE | TYPE TYPE | TYPE TYPE

ALADDIN
Al-65 | 25A152

2N412 [25A151  2N410 [25A15)

ON410 | 25B75 2N406 |25B156  2N408

AL-80 25A94

|
2N412 [ 2SA15  2N412 |25A133  2N410 | 25A12

2N410 2N406 25B75  2N406

25B75 2SB156  2N408 Tst A F. Ampl

AMERICANA ;
FC-60 2SA15  2N412 25412 2N410 | 2SA12  2N410 | 25B75  2N406 | 25B77  2N408

FP-64 2SA15  2N412 2SA12  2N410 | 25A12  2N410 | 25B75 2N406 | 25B77  2N408

FP-80 2SAB4  2N412 |2SATS 2N412 | 2SA12  2N410 | 2SA12  2N410 | 2SB75 2N406 | 25B77  2N408

ST-6 25A152 2N412 | 2SA151  2N410 |2SAT51  2N410 | 2SB75  2N406 [2SB156 2N408 i

P-7 25A15  2N412 | 2SA12  2N410 | 2SA12  2N410 | 25B75 2N406 | 2SB77  2N408 i

BULOVA :

672, 673 2SA102 2N1527 2SA102 2N1525 |2SA102 2N1525 |2SBI71  2N406 |2SB172 2N408

675, 676 25A102 2N1527 2SA102 2N1525 |2SA102 2N1525 |2SBI71  2N406 |25B172 2N408 [

742, 743 MCI02 2N1527 MCI02 2N1525 | MC102 2N1525 | OC71  2N406 | 0C72  2N408 7

745, 746 MC102  2N1527 MC102 2N1525 | MC102 2N1525 | OC71  2N406 | 0C72  2N408 e

782, 785 2SA103  2N412 25A144  2N410 [25A144 2N410 [2SBI71. 2N406 |25B176 2N40B | 2SB171 2N406 | Ist AF. Ampl.
786 2SA103  2N412 25A144  2N410 [2SA144 2N410 [2SB171 IN406 (258176 2N40B | 2SB171 2N406 | Ist AF. Ampl.
792, 793 2SAT60  2N412 2SA155 2N410 [25A156 2N410 [2SBI11  2N406 |2SBII1  2N406 | 2SB111  2N406 | Ist AF. Ampl |
795 2SA160 2N412 25A155  2N410 [2SA156 2N410 [2SBIT1 2N406 [2SBI11  2N406 [25B111  2N406 It AF Ampl |
7822, 7855 MC102  2N372 0C44 2N1525 | 0C44 2N1525 | OC71  2N406 | OC72  2N408 | OC71  2N406 | Ist AF. Ampl |
7866 MC102  2N372 0C44 2N1525 | 0C44 2N1525 | 0OC71  2N406 | 0C72  2N408 | OC71  2N406 | 1st AF. Ampl. |
BUTOBA

1-5 0C75  2N406 0C76  2N406 | 0C74  2N408 | OC71  2N406 | IstAF. Ampl. |
CHANNEL-MASTER

6501-6504 2173 — 2176 — 27520 — 2T66  2N64Y | 2T66  2N649

6505 2SA52  2N412 - 25A49  2N410 25B54  2N406 | 25B56  2N408 !
6508, 6509 25A52  2N412 B 25A49  2N410 | 25A53  2N410 | 25B54  2N406 | 25B56  2N408 ‘ |
6510 2SAS2  2N4i2 25A49  2N410 | 25A53  2N410 | 2SB54  2N406 | 25B56  2N408 ) 1
6511 2SA52  2N412 25A53  2N410 | 25A53  2N410 | 2554  2N406 | 2556  2N408 - |
6512, 6514 2560  2N412 2553 2N410 | 2545  2N410 | 2544  2N406 | 2544 2N40B | 2544 ON406 A G.C.Ampl |
6515 2SA52 2Nal2 2SA49  2N410 [ 25A53  2N410 [ 2SBS4  2N406 | 25B5S 2N408 | 2SA72  2N412 | RF. Ampl.
CLAIRTONE

CXR 0CI70 2N1177 i 0C75  2N406 2nd Osc.
COLUMBIA

400 | 2552 oNa2 2553  2N410 | 2545  2N410 2556 2N408

600 2552 2N412 2553  2N410 | 2545  2N410 | 2554  2N406 | 2556  2N408

605 0Ca4  2N219 0C45  2N218 B 0C71  2N406 [ OC72  2N40B |

610 0C4s  2N219 0C45 2N218 | 0Ca5 2N218 | OC71  2N406 | OC72  2N408

815 0cel1s 2oNII78 | 0C614 2N1180 | AF105  2N1180 | 0C304 2N406 | OC318  2N408 | OC615S  2N1177 | RF. Ampl.
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ments listed. When he compares these, he may be quite dis-
concerted. He will often find that the various replacements
recommended are quite different from each other.

In an improvement over the method just noted, certain
parameters of the transistors involved are spelled out for
comparison. Even here, however, the provided information
is often insufficient for a reliable decision in terms of the
specific application. For example, suppose two comparable
transistors differ in minimum current transfer ratio. A reliable
decision on interchangeubility could not be made without
resort to experimental tests, electrical measurements, or con-
siderable calculation.

The unique presentation of replacement information here
eliminates both the need for analysis and uncertainty, For one
thing, it is based on the demands made of the transistor in
its particular application, rather than on specifications that
may or may not apply.

The list has another advantage. Not only is it unnecessary
to know something about the original unit being replaced, but
it needn’t alwavs be identifiable as to tvpe number. In use,
the markings on a transistor very often become illegible or
obliterated altogether, If there is a schematic or other iden-
tifying sticker on the radio’s chassis or case, the circuit func-
tion of the defective component can be determined readily
and its replacement found here. When there is no diagram,
relatively minor circuit tracing should establish circuit po-
sition and function of a transistor by identitying it in rela-
tion to other stages in the receiver circuit.

For some foreign transistors listed here more than once,
alert readers will note the recommended domestic equivalent
is not always the same. This is neither an error nor an in-
consistency. In fact, it is further evidence of the advantage
offered by a chart of this kind over straightforward, tran-
sistor-for-transistor listings. Depending on differences in spe-
cific characteristics, one transistor may work very well when
replacing a similar but not identical type in one application,
whereas it may be a poor substitute for the same original unit
in another position.

As an example, voltage rating mav be a factor. Transistor A
may replace transistor B adequatelv in a set with a 4.3-volt
battery supply. In a 12-volt receiver, however, transistor A
may be in danger of breakdown. In another case, frequency
characteristics may be a factor. Whenever possible, the most
economical replacement is given.

There are some precautions concerning replacement pro-
cedure that should be mentioned. First, if the power is not
turned oft while making a snbstitution, high transient current
may damage the transistor. The suggestion seems clementary,
but the possibility is all too easily overlooked when plug-in
transistors are involved. Second, some re-alignment for opti-
mum performance may be necessary when r.f. or i.f. circuits
are involved.

Every recommended replacement is made by at least one
domestic manufacturer and is available here; most are made
by more than one source. RCA, for example, makes all listed
here. Thus no attempt was made to list manufacturers. A

RADIO NAME %’R"‘::rx':: OSCILLATOR | 1stL.F.AMPL. | 2nd LF. AMPL. | A.F.DRIVER | A.F. AMPLIFIER OTHER
AND MODEL | ORIG. REPLACE| ORIG. REPLACE.| ORIG. REPLACE] ORIG, REPLACE| ORIG. REPLACE| ORIG. REPLACE| ORIG. REPLACE| o
TYPE TYPE | TYPE TYPE | TYPE TYPE | TYPE TYYPE | TYPE TYPE | TYPE TYPE | TYPE  TYPE

CONTINENTAL
MB.7 2S5A17 —_ — 25A12 2N218 25A12 2N218 23_57_2 2N215 2SB77 2N217 1N2326
SW.7 HJ&60 —_— HJ71 — 25A12 2N218 25A12 2N218 25SB75 2N215 25877 2N217 :
TR-100 2530 2N412 2831 2N410 2533 2N 406 QS:E 2N408 it
TR-150, TR-160 HJ23D 2N411 Hi22D 2N409 HJ22D 2N409 HJ1S 2N 405 HJ17D 2N407 |
TR-215 2530 2N412 2531 2N410 | 2531 2N410 | 2532 2N406 | 2533  2N408 E
TR-300 2830 2N412 25831 2N410 2531 2N410 25831 2N410 25832 2N406_ 25833 2N408 g -
TR-394 2SB175 2N215 |2SB176 2N215 |
TR-632, TR-650 2S5A15 2N219 2S5A12 2N218 25A12 2N218 2SB75 2N406 25877 2N408 HV-15 IN2326 i Diede 4]
TR-683 2SA142 2N412 25A141 2N410 | 25A141 QNA_IO 2SB135 2N406 [25B136 2N408 |
TR-720 25A52  2N412 25A49  2N410 | 25A53  2N410 | 25A54  2N406 [25A189  2N408 | )
TR-751 25A80 —_— 25A83 —_— 25A83 —_ 2SB75 2N406 25877 2N408 1N2326 1

CORONADO

RA-50 2852 2N412 2545  2N410 | 2553  2N410 | 2554  2N406 | 2556  2N408
RA-60 25A101 2N1527 25101 2N1525 [2SA101 2N1525 |2SB171 2N406 |25B172 2N408 |
CROWN
TR-666 HJ23D  2N412 HJ220  2N410 | HJ22D 2N410 | HJ15  2N408 |HI17D  2N408
TR-875 HI73  2N219 | HI7Y LS 2N218  2N218 | 2N218 2N218+HJ62 2N215 [2N217  2N217 | HV-15  [N2326 Diode
TR-999 25A152  2N412 [25A152 2N412 [ 2SA14  2N410 [2SA151 2N410 | 2SB1S3  2N406 |2SB1S54  2N408 | HV-15  1N2326 Diode
EXCEL
1-7 2352 2N140 2513 2N139 | 2513 2N139 | 2514  2N109 | 2556  2N109
" FLEETWOOD
NTR-6G 2530  2N412 2531  2N410 | 2531  2N410 | 2532  2N406 | 2533  2N408
FUJI
__TRA-611 25A30  2N412 | [25A31  2N410 | 25A31  2N410 | 25B32  2N406 | 25B33  2N408 -
TRS-701 2SA112  2N372 [2SA111  2N371 [2SA31  2N410 | 2SA31  2N410 | 2532  2N406 | 2533  2N408 | |
FUJIYA T :
— MTR-252 2SB75 2N215 | 25B77 2N217 | 2575  2N215 | IstAF. Ampl.
TRP-61 2SA15  2N219 25A12  2N218 [2NSA14 2N218 [ 25875 2N215 | 2SB89  2N217
TRP-725 2SABO  2N372 2SA12  2N218 | 25A12 2N218 | 25875 2N215 | 2SB89  2N217 | 25B75  2N215 | IstAF. Ampl.
HITACH!1
TH-621 HJ23D  2N140 HJ22D  2N139 | HJ22D 2N139 | HJIS  2N109 |HJI7D  2N109
TH-627R 25A84  2N412 25A12  2N410 | 25A12  2N410 | 2SB75  2N406 | 25877  2N408
TH-660 25A94  2N412 25A151 2N410 |25A133 2N410 | 2SB77  2N406 |25B156 2N408
TH-664 HJ23  2N412 HJ22  2N410 | HJ22  2N410 | HJ1S  2N406 | HJI7  2N408
WH-761M 25A84  2N412 | 25A84  2N412 |25A12  2N410 | 25A12  2N410 | 25B75  2N406 | 25877  2N408
TH-862R HJ74  2N219 [ 2N219  2N219 |2N218 2N218 | 2N218 2N218 | 2N215  2N215 | 2N217  2N217
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' RADIO NAME |

AND MODEL

CONVERTER
OR MIXER OSCILLATOR I 1st I.F. AMPL.

ORIG. REPLACE.| ORIG. REPLACE.| ORIG. REPLACE.| ORIG. REPLACE.
TYPE VYYPE |[TYPE TYPE | TYPE TYPE | TYPE TYPE

2nd 1.F. AMPL. l A.F. DRIVER l A.F. AMPLIFIER l OTHER

ORIG. REPLACE.| ORIG. REPLACE.| ORIG. REPLACE.
TYPE TYPE | YYPE TYPE | TYPE TYPE

USE

0C171 2N1179 |O0CI171 2N1177 | 2SAB0  2N1180 [ 2SAB0 2N1180 | 25876  2N408 | 25879  2N270 |2SAB0 2N1180 Limiter

KTS-1 MC- 103 2N412 |MCI03  2N412 | MCI0l  2N410 [MCI01  2N410 0C71 2N406 0C72 2N408 0C71 2N406 |s'A.F.Amp|.V
LINMARK “

1-60, T-61 2552 2N412 - 2553 2N410 | 2553 2N410 | 2524 2N408 | 2556  2N408_ | =
162 2552 2N412 2545 2N410 | 2545  2N410 | 2544 2N40B | 2556  2N408 . ) ]
T-63 2852 2N412 2549 2N410 | 2553  2N410 | 2544 2N40B | 2556  2N408 -
1-80 §T333  — - 25156 —  |25186  — | 25159 2N406 25163  2N408 -
2552 2N412 2549 2N410 | 2553 2N410 2544 2N408

0C44  2N219 | [ 0C45 2N218 | 0C45 2N218 | 0C7I

2N410 | 25854

2N408 0C72

25A52  2N412 25A49  2N410 | 25AS3 2N406 2N408

| 25856

8YR-10A 25A52  2N412 | 2556  2N412 | 25A49  2N410 | 25A53  2N410 | 25854  2N406 | 25BS6  2N408

MATSUSHITA

113 25A102 2N1527  [25A102 2N1525 [25A102 2N1525 [2SBI71 2N406 |2SBI72  2N408 |
1.22 [25AT02 2N372 [25A102  2N37) |25A145 2N1525 | 25A55 2N1525 [2SB171  20dDs [25B172  2N408

T-30 2SA71_2N1179 2SA70  2NI1B0 | 25A70 2N1180 [2SBI71 2N408 |2SB176 2N270 [2SBI71  2N406  Ist AF. Ampl.
T-41 25A103 2N1527 [25A102 2N1527 |25A102 2N1525 |25A102 2N1525 |2SB171 2N406 |2SBI72  2N408 il
1.70 2SA102 2N372 [25A102 2N371 |25A145 2N1525 |25A145 2N1525 [2SBI71 2N406 [2SBI71 2N40B_ |2SBI71  2N406  lst AF. Ampl.
1-92 2SA102 2N1527 25A102 2N1525 |2SA101 2N1525 |2SBI75 2N406 [25B172 ~2N408

MINUTE MAN

GTP-106
NORELCO

2552 2544 2556

2552 2N412 | 1 2549 2N410

2N412 2545 2N410 2545 2N410 2N 406

2545 2N410 | 2544 2556 2N408

L-0X95T 0C45  2N218 | 0C45  2N218 | OC71  2N406 |2N217  2N217 -
L1X757 0C4s 2N219 e 0C45  2N218 | OC45  2N218 | 0C71  2N40s | 0C72  oN2i7 | ‘—1
1-2X977 0Ca4 _ 2N219 - 0C45_2N218 | 0C45  2N218 | OC71  2N406 | 0C72  2N217 |
L-3x767 2N247  2N274 | 2N218 2N218 |2N218  2N218 | OC71  2N406 |2N270 - 2N270 | |
L-axseT 0C170_ 2N371 B 0C45  2N410_| 0C45  2N410 | 0C71  2N406 | 0C72  2N217 —— —__ i)
L-3x88T 0C170 _ 2N371 0C45  2N410 | 0C45  2N410 | OC7I _ 2N406 | 0C72  2N408 | - —Nr
L1-3X9sT 0C170  2N371 | | 0c4s 2Na10 | 0Ca5  2N&10 | 0C71  2N40s | 0C72 _ 2N408 ) - ]
L-4X9sT 2N371 0C45  2N410 | 0C45  2N410 | OC75 _ 2N406 | 0C72 _ 2N408

NORDMENDE

Mambo

2N412 _0C612  2N410 2N408

0C612 2N410 2N406 0C74

Transista
OLYMPIC
770

2N406 0C74

T
0C304

2NT178 AF105 2N1180 | AF10S 2N1180 2N408 [0C&14  2N1180 IF. Ampl. |

2N412

HJ54 2N410 HJ54 2N408

_2N410 | HIIS  2N406

778
PETITE
NTR-120

} HJ170
25877

2N412 | 25A12  2N410 | 25A12 2N410 2N406 2N408 |

25875

2N412 2531 2N410 | 2531 2N406 | 25833

2532, 2N408

NTR-150
POLYRAD
P-86
REALISTIC
F0L665

2N410 J[

25A30 _2N412 25A31  2N410 | 2SA31 2N410 2N406 | 25833  2N408

25832

2N219  2N219 | | Hi62  2N410 | HJ62  2N410 | 2N21S  2N21S |2N215  2N2IS

25A101 2N1527 [25A101 2N1525 [2SA101 2N1525 [2SB175 2N406 [258172 2N408 l

90L696 2552 2N412 2N410 | 2553 2N410 | 2554  2N408 | 2556 2N408

REALTONE

TR-555 2NJBA  2N219 | 2NJSA  2N218 _|2NJ9D 2N215 [ 2NJ9A _2N2|74I

TR-801 2NJBA  2N219 2NJSA  2N218 | 2NJSA  2N218 | 2NJ9D  2N215 [2NJPA  2N217

RIVIERA

RV-62 25A142  2N412 2SA141  2N410 [2SA141  2N410 (258135 2N406 (258136  2N408 | |
SHARP

TR-182 2552 2N4I) | 2545  2N409 | 2553 2N409 | 2554  2N407 | 2556  2N407

TR-203

| 25493

2N412 | 25A92  2Na412 | 2SAS3  2N410 | 25A49 2N410 | 25854  2N406 | 25B56  2N40B | 2SBS4  2N406  Ist AF. Amp

21201 2N412 | c76 — [ C76 D64 2N649 | 21312  2N40B | Ta
®R-711 21201 2N412 2176 — [ at76 2T65  2N649 | 2785  2N649 | B 1
™-714 21201 2N412 2175 — | 218 2T64  2N649 | 2165 ING49 ]
TR-812 27201 2N412 | 21201 2N371 | 2176 — 2176 — | 2Ts4  2N649 27323 2N408 | e
TRW-621 25C73 — —  [2sc76 — | 25064 2N6a7 | 25065 2N647

STUZZI1

6TP-304

| 0C304 2N217 | 0C308 2N217 | 0C360  2N217 A.F. Preampl

2N412 2N410 2553 2N410 2554 2N408 | 2556 2N408

61-309 2552 2N412 | | 2553 2N410 | 2553 2N410 | 2554 2N408 | 2556  2N408 | 1
eTP-314 2552 2N412 | 2549 3N410 | 2553 2N410 | 2554  2N40B | 2556  2N408 | 1
6TP-354 2552 2N412 | | 2549 2Na10 | 2553 2N410 | 2554  2N40B | 2556  2N408 | -
61P-357 2552 2Na12 | 2549 2N410 | 2553 2N410 | 2554 2N408 2N408

7TP-352

= 72549 2N410 | 2553 2N410 | 2554 2N408 | 2556  2N40B

$TR-294

2N412 2553 2N410 | 2553 2N410 2556  2N408

MC101 — | [wmco — [mCi01 — 0C71A

2554 2N408

2N406 | 0C72  2N408

25430  2N412 | | 25A31  2N410 | 25A31  2N410 | 25832 2N406 | 25833  2N408 |

0C44  2N219 | 0C71 2N408 Diode |

2n40s | oc72

[ MA23  1N2326
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SYSTEMS /

Principles and practical applications of this
important and widely used p.a. hookup system that
permits simple adjustment of loudspeaker

power without considering impedance matching. H

HE constant-voltage sound-distribution svstem is an

I extremely usetul aid to the sound-system installer and

techniciun. Advantages of the constant-voltage system
include: («¢) easy, on-the-spot sound-power adjustment of
loudspeakers without worrying about impedance matching
on the line as a whole, and (b) conservation of audio power.

The constant voltage system also assures that the installa-
tion is not an electrical hazard. Section 640.5 of the National
Electrical Code states the tollowing with respect to an audio
distribution system:

“640.5 Conductors: Amplifier output circuits carrying
audio-program signals of 70 volts or less and whose open
circuit voltage will not exceed 100 volts, may employ Class 2
wiring as covered in Article 725.

“The above is based on amplifiers whose open-circuit
voltage will not exceed 100 volts when driven with a signal
of any frequency from 60 to 100 cps sufficient to produce
rated output (70.7 volts) into its rated load. This also accepts
the known fact that the average program material is 12 db
below the amplifier rating—thus the average r.m.s. voltage
for an open-circuit 70-volt output would be only 23 volts.”

The graphical presentation of these audio line voltages is
shown in Fig. 1. By meeting these standards, the require-
ments for installation and wiring are far less stringent than
in the case when higher voltages, such as those of a.c. power
lines, are emploved. Hence audio wiring need not be enclosed
in conduit or BX to meet Underwriters approval.

The constant-voltage distribution system is as simple to
use for sound networks as is the 117-volt a.c. power utility
system. We plug a 100-watt lamp into an electric outlet to
get bright illumination or a 15-watt lamp into the same
power line for low illumination. See Fig. 2A. The user knows
that all he has to be concerned with is how much light he
wants in any particular location, and he chooses a bulb rated
in power accordingly. The power is very clearly marked on
the light bulb. It isn’t necessary to figure the lamp’s imped-
ance. For a constant-voltage (70.7-v.) sound-distribution
line, transformers are used that are marked directly in watts.
If one wants a lot of sound (see Fig. 2BB), he might connect
the loudspeaker-transformer combination to the 30-watt taps.
If, on the other hand, he is after just background-level sound,
he may choose the transformer input terminals marked “%
watt.” Impedances are automatically taken care of by the
transformer design and the manner in which the transformer
is connected to the loudspeaker.

In the case of an 8-ohin speaker connected to the 8-ohm
output terminals of the transformer, we just match numbers
at the secondary. But the input or primary terminals of the
transformer will be marked in watts, say 10, 5, 2%, 1%. We
simply connect the line to the appropriate wattage tap on
the transformer primary to give us whatever sound power is
necessary to cover the area effectively. In most cases, then,
changes in power to the loudspeaker may be made quickly
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by simply changing the primarv connection to the trans-
former without considering impedance problems in any way.

How the System Works

The foregoing doesn’t mean, however, that transformer
impedances are forgotten. While most transformers designed
for the constant-voltage system specify the primary taps in
terms of power, there are some transformer manufacturers
who still rate their sound-distribution transformers in primary
impedance instead of watts. From the following discussion
we will show how to convert one notation to the other for
power-adjustment purposes.

In an audio-distribution svstem, a transformer transmits
power. This power transfer is usually from a source of one
impedance to a load of a different impedance. Fig. 3A, for
example, shows a step-down transformer accepting power
from a high-impedance source, such as the plate circuit of
a tube of perhaps 5000 ohms, and transferring that power
to a low-impedance load, such as an 8-ohm speaker. Assum
ing an ideal loss-less transfer device within the black box of
Fig. 3B, we know that for maximum power transfer to the
8-ohm load, power must be fed from an 8-ohm source. Thus
if the tube is delivering an output of 50 watts and the loud-
speaker is receiving 50 watts, then the ideal box with its “trans-
fer unit” inside is actually transferring (or transforming) a
5000-ohm impedance from the left to 8 ohms on the right.

The measurce of this impedance transfer is the ratio of these
two impedances as seen, respectively, by the generator and

g. 1. Graphical presentation of audio line voltages in a
70-volt system, as defined by the National Electrical Code.

100}

707 VOLTS

50} [

28 VOLTS _
R.M.S.

§\\\\\\\\\\m\\\\\\w

- fr///”///M/////l”/
%

PEN-CIRCUIT VOLTAGE 'VOLTAGE ACROSS RATED AVERAGE OUTPUT VOLTAGE ASSUM-
FOR FREQUENCIES [LOAD FOR FREQUENCIES, ING AVERAGE PROGRAM MATERIAL
BETWEEN 60 AND 100 |BETWEEN 60 AND 100 TO BE 120B BELOW AMPLIFIER
cPS | CPS RATING
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LAMP MARKED |00 WATTS PROVIDES
<" BRIGHT LIGHT COVERAGE

— »'\

CONSTANT 1I7V. \ NIGHT LAMP MARKED

POWER LINE 15 WATTS PROVIDES RE-
T e DUCED LIGHT COVERAGE
(A)
i CONSTANT 70V. AUDIO LINE
=
]
|
|
|
|
i
]
) |
]
|
|
o
TRANSFORMER TAP MARKED 1/2 WATT TAP PROVIDES LOW-
‘30 WATTS PROVIDES HIGH- LEVEL SOUND COVERAGE
LEVEL SOUND COVERAGE
(B)

Fig. 2. Comparison of 70-volt audio line with 117-volt a.c. power
line showing the ease of meeting required power needs.

PRI.  SEC. 50000
3
£s 500V.|INPUT QUTPUT|20V. 2 811
i IR L
o o
SEES. 2gn  GENERATOR ToaD
s BLACK BOX
£2 (50012 E2 (2002
SOURCE LOAD pe=—xz =50W. Pz— =222 -EOW.
IMPEDANCE IMPEDANCE Z 5000 z 8
(A) (8)

Fig. 3. An ideal transformer transfers power from a generator
of one impedance to a load of another impedance, without any
loss, by means of the impedance ratio of two windings used.

by the load. When fully connected, the secondary winding
“sces” the load impedance of 8§ ohms. Now this 8-ohm im-
pedance is stepped up to, or transformed to, the higher pri-
mary impedance, which “sees” the 5000 ohms of the source.
The system is now matched on an impedance basis for maxi-
ninm transter of power to the load.

In reality, the voltage across the “70-volt” constant-voltage
line is 70.7 volts for a very simple reason. Power across arn
impedance is P = E2/Z: thus in the “70-volt” system P =
{70.7)2/Z = 5000/Z. This figure of 5000 makes it very easy
for us to select a transformer input impedance to accept amy
power we want and, on the basis of an even figure of 3000,
mark the input impedance terminals in power.

Let us assume that we want to deliver one watt of power
to an 8-ohm speaker, using the transtormer shown in Fig. 44,
The simple calculations accompanying this figure show that
to transfer one watt from the line side to the load side of the
transtormer, the input impedance of the transformer will
have to be 5000 ohms. For 2, 4, and 8 watt transter, the
input impedance taps would vary according to the simple
tabulation shown. These various taps may then be simply
marked with their corresponding power-acceptance number,
as in Fig. 4B. But, it must be remembcred that this munbered
notation of the primary in terms of power will hold only for
a 70.7-volt feeder line and when the secondary impedance
figure is matched to the corresponding speaker impedance.

The transformer shown in IFig. 4B may then be used direct-
ly without any additional caleulations for drawing as much
audio power from the line as desired and in whatever steps
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are desired (usually in steps of 3 db—double the power) up
to the capabilities of the amplifier. In a noisy location it may
be necessary to connect the transtormer as in Fig. 4C under
which condition the loudspeaker will draw the power marked,
8 watts. Note that the equivalent impedance of the S-watt
input, which one doesn’t have to worry about, is 623 ohms.

Normally, then, the constant-voltage transformer will have
the secondary marked in terms of the speaker impedance, and
the primary winding will be marked in terms of power. If,
however, one should run into a line transformer with imped-
ance markings as in Fig. 4A, embracing the familiar figures
of 5000, 2500, 1230, 625, and so on, one may be fairlv sure
that the transformer is intended to be used on constant-volt-
age systems. The corresponding equivalent power rating of
these taps may then be determined from P = 5000/Z.

Uses and Misuses of the System

The great advantage of the constant-voltage sound-distri-
bution system is that it eliminates the purely electrical design
problems of multiple speaker mesh network impedances for
the sound-svstem installer. This leaves the sound man free to
concentrate on providing specified audio power as required
by the ambient conditions. A second, but very important
aspect of the constant-voltage system for the distribution of
audio power is the saving of that expensive commodity—
audio power. When using 70-volt transformers for power tap-
ping, the only losses in the system are line and transformer
losses. However, when using an attenuation system of line-
level control, power is wasted in the various resistive clements
that go to make up the pads. In an extensive sound distribu-
tion system where there may be as many as thirty or forty
speakers with attenuator-type controls, considerable audio
power would be thrown away in the form of heat rather than
made available as useful reserve power.

While it is true that the sound man may hook loudspeakers
indiscriminately across the constant-voltage line (using the
proper transformers, of course), he is nevertheless limited by
the total audio power available to him. He may tic on as many
londspeakers as he pleases just as long as the wattages he
has selected for cach do not add up to more than the power
rating of the amplifier.

If one throws too many speakers across the line, the ampli-
fier is loaded down too much, the constant-voltage character-
istic begins to droop, and the over-all sound level goes down.
When this happens, usually someone turns up the gain of the
amplifier in an effort to return the sound level to normal. But
what actually happens is not more output but more distortion
from an already overdriven or overloaded amplifier. This
makes the amplification system sound even worse, and even-
tually, it may also cause the output tubes, rectifier, as well as
associated components to fail.

Amplifier Considerations

It is not possible to take anyv amplifier and simply load
it down with constant-voltage transformer-loudspeaker com-
binations unless the amplifier is designed for such operation.
Such a condition can be obtained only in amplifiers with
heavy over-all negative feedback and with as low an internal
impedance (at the output terminals) as possible.

An amplifier, like any power generator, has some degree of
internal resistance. A flow of electrical current cannot be ob-
tained without that flow, of necessity, traveling through the
generator itself (Fig. 5). In traveling throngh the generator,
the current must travel through the internal resistance of
the generator itself. There will be a voltage drop across the
internal resistance equivalent to IR:.. which will drop the
generator’s terminal voltage. As the load demands more cur-
rent, the higher will be the voltage drop across the generator
internal resistance and the lower will be the terminal voltage
across the load. Thus we see that if we want the terminal
voltage to remain as constant as possible, then the amplifier

ELECTRONICS WORLD



Zft PRI SEC.

2
2500 z= E2.1007) _coo0n
P 1
2500
= 2080 25000
1250 8n sn
= 2090 - 12500
625
= 2000 - 6250,
o
PRIMARY IMPEDANCES
FOR POWER INPUTS
OF I, 2,4, AND BWATTS
(A)
POWER(WATTS)
|
2
y PRIMARY TAPS MARKED IN TERMS OF WATTS
G 80 105 CORRESPOND TO THE IMPEDANCE RATINGS
IN (A)
8
COMMON
(B)
WATTS IN WATTS IN

— >

|
2 80N 2 8n
4 4
8n 8n
—> 8 8 /
— — Cf

HIGH-POWER PRIMARY TAP LOW-POWER PRIMARY TAP
(D)

Fig. 4. Correspondence between impedances and power ratings.

(generator) should have the lowest possible internal imped-
ance since this will keep the internal voltage drop correspond-
ingly low.

The ideal constant-voltage generator or amplifier should
have zero internal impedance. This condition is, of corse,
physicallv unrealizable. But, with the help of properly de-
signed feedback systems, the internal resistance can he kept
low enough so that the unloaded voltage rises no more than
3 db over the fully loaded voltage. Such an amplifier, having
a loaded output voltage of 70 volts and an unloaded output
of no more than 100 volts, falls within the amplifier charac-
teristics outlined by the National Electrical Code at the be-
ginning of this article.

Setting the gain of the constant-voltage amplifier has some-
times been not too well understood. The gain of the amplifier,
once set properly, should be left alone irrespective of the
load power it is called upon to deliver. The amplifier gain is
set so that, when the amplifier is driven by a predetermined
input, such as one volt, then it will deliver its full undistorted
power to its load.

As an example, suppose the amplifier is rated at 50 watts
and it is to deliver 70.7 volts to the distribution line. Then the
full-load impedance should be Z = E=2/P = 5000,50 —= 100
ohms. With a 100-ohm resistor rated at a minimum of 50
watts across the output of the amplifier and with the ampli-
fier fed a constant frequency signal such as I ke, at an ampli-
tude of one volt, the gain should be adjusted so that an output
voltmeter across the load resistor reads 70.7 volts. When this
is accomplished, the gain control of the amplifier should be
locked down and lett untouched.

A question may arise as to why the amplifier is adjusted
to deliver a full 50 watts when all that is necessary for a
particular coverage is, say, 20 watts. The answer is quite
straightforward. The amplifier delivers onlv what it is asked
to deliver by the load it sees. If the speaker transtormer pri-
mary is tapped for only 1 watt, and that is the onlv load on
the svstem, then the amplifier will deliver onlv 1 watt, even
though the gain control is set for the potential delivery of 30
watts. The amplifier is standing ready to deliver power only
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as called for by the load, up to the limiting capacity of the
amplifier that is used.

Transformers with Tapped Secondaries

The usual constant-voltage transformer has, in addition to
its primary tapped in terms of power, a secondary with sev-
eral impedance taps, such as 4, 8, 16, or 45 ohms. Obviously
this permits a wide variety of loudspeakers of different im-
pedances to be mtegrated into one system. This allows a
hookup such as that shown in Fig. 6. Here an 8-ohm cone
speaker is tied on to the 8-ohm secondary tap of the trans-
former with the primary set at, sayv, %-watt input. At the
same time a 16-ohm outdoor trumpet is connected to the 16-
ohm secondary of its own transformer with the primary
tapped for perhaps 8 watts. In a case like this, the great
simplicity of the constant-voltage distribution system shines
forth.

Suppose we were to try to lay out this svstem on an over-all
impedance basis. Whether you try to arrange the two speak-
ers in parallel, which would result in a combined impedance
close to 5 ohms, or in series with a combined impedance of
24 ohms, where do you find a transformer with these output
impedances? But, more important, if we set the gain control
of the amplifier so that 8 watts is delivered to the 16-ohm
trumpet, then (assuming the 8-ohm speaker is in parallel
with it), the S-ohm unit would draw twice as much power
as the 16-ohm unit, or about 16 watts, when all we want in
this unit is % watt. Obviously, then, we have to put some tvpe
of volune control unit ahead of the 8-ohm speaker to soak
up and waste, as heat, several watts of precious audio power.

Still another advantage of the transformer with a multi-
impedance secondary is that small branch circuits or groups
of similar loudspeakers can all be fed from one transformer.
As shown in Fig. 6B, if a given distributed sound layout is
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Fig. 5. The internal resistance of a generator develops a
voltage drop that reduces the terminal voltage when current
is delivered to the load. Constant-voltage generators must
have the lowest possible amount of internal resistance.

Fig. 6. With a tapped secondary, added versatility is achieved.
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2
R IMPEDANCE RATIO
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Fig. 7. Effect on power drawn of changing the value of the load.

specified where one has to use two 16-ohm trumpets, they
may be connected in parallel across one transformer using
the 8-ohm secondary tap. Now if it is required that each
speaker deliver 10 watts, then the 20-watt primary tap would
be used. This, then, would draw 20 watts from the amplifier
to be distributed equally hetween the two units. If, however,
the speakers in one small group are not of the same imped-
ance, or are not expected to draw equal power, then give
each speaker its own power matching transiormer.

Transformer Versatility

Let us see how much more versatile the multi-impedance
transtormer may be hevond those ratings shown on the trans-
former itself. Despite the actual markings on the secondary,
we can arbitrarily give them any rating we want. This is
provided that, if we change the “specs” on one side to suit
our purpose, we change the other side accordingly, and that
we do not exceed the maximum power rating of the trans-
tormer. Refer to Fig. 7.

When the 8-ohm secondary is loaded with 8 ohms and the
primary is tapped for 1 watt, then the primary impedance
is Z = E*/P = 5000/1 5000 ohms. The impedance ratio
of the transformer for the condition given is 5000/8 = 625.
Now let us forget that the secondary is marked 8 ohms or
that the transformer tap is marked 1 watt. What we will
simply deal with is the fact that between these two windings
we have an impedance step-up from load to source of 625.
With this in mind, let’s hook a 16-ohm speaker load across
the 8-ohm tap on the secondary winding. All that the trans-
former now knows is that it is loaded down by 16 ohms and
that it must transform this upwards by a factor of 623. Thus
the primary tap will now look like 623 x 16 = 10.000 ohms
to the amplifier. Now the 70.7-volt line from the amplifier
will be loaded down not by 3000 ohims but by 10.000 ohms,
and the power drawn from the line will now be P 0=/
5000/10.000 % watt. We see then that doubling the im-
pedance of the load will cause only half of the specified pri-
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mary tap power to be delivered to the loudspeaker load.

Coing in the other direction, if we connect a 4-ohm load
across the 8-ohm secondary tap, we will end up with a pri-
mary impedance of Z = 623 x 4 = 2300 ohms. Accordingly,
the power drawn from the amplifier will be P = E2/Z =
5000/2500 = 2 watts. In this case, the load impedance has
been halved and the input power to the transformer primary
tap marked “I watt” has been raised to 2 watts.

From the foregoing, we may generalize as follows: If the
load presented to the secondary is K times the impedance
specified for the tap to which the load is connected, then the
power drawn by the primary will he 1/K of the power indi-
cated by the tap to which the line is connected. This formu-
lation is summarized in the table of Fig. 8.

Other Voliages

In addition to the popular 70.7-volt system, there is also
a 25-volt system and a 141-volt system. The 23-volt system
is sometimes used in schools and institutions where a maxi-
mum of safeguards against hazardous conditions is required.
On the other hand, for lines extending over long distances,
the 141-volt system mayv be used. With such higher line volt-
age, line currents for a given power will be reduced for quite
a saving in copper in the initial installation, and in power
losses in the line during actual operation.

However, for audio-distribution work, the 70.7-volt system
is by far the most common. It permits an economically in-
stalled system since for this voltage level conduit runs are
not required by the National Electrical Code. For some per-
manent installations, however, neatly installed conduit would
certainly be more professional and more desirable.

The same general basic considerations concerning load
impedances and input power hold for all three svstems men-
tioned, namely:

For the 23-volt svstem, P = E*/7Z = 25/Z = 625/7
For the 70-volt svstem, P = 70.7%/Z = 35000/7
For the 141-volt svstem, P 14122 = 20,000/7

And similarly, the same K and 1/K factors hold for the three
systeins. A

Fig. 8. Tabulation of power with various output connections.
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c 32 60 4 21 2w
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U ]ng(le rom CB to Business Radio

By LEO G. SANDS, Hammarlund Mfg. Co.

Some advantages include greater coverage and reduced
interference. Comparison is made between such seruvices.

FTER learning first hand about the convenience of
two-wayv radio, many Citizens Banders would like to
operate on less congested channels and to lave greater

range. Those who are engaged in commercial enterprises and
who need mobile commuimications for business purposes are
eligible for licenses in the Business Radio Service. More than
160 channels in the 23-30 mec. low band, 152-174 mc. high
band, and the 460-470 mc. v.h.f. band are available to Busi-
ness Radio licensees. Citizens Band radiotelephone users, on
the other hand, have only 23 channels in the low band and
49 channels in the w.h.t. band.

While the class ID Citizens Bander can operate on any of
the 23 channels in the low band, the Business Radio licensee
is assigned just one channel in one of the bands. A second
channel will be granted when there is adequate justification,
However, a single Business Radio channel mav be far more
useful than one of any ot the 23 more congested CB low-band
channels.

The CB licensee can talk with other CB stations, but the
Business Radio licensee must confine his communications to
the stations covered by the same station license. Personal and
ham-type communications are not permitted.

Cost of Equipment

Until recently, the cost of equipment for use in the Business
Radio Service was prohibitive to many who would like to
upgrade theinselves from the class D Citizens Band, But now
there are several sets on the market priced under $400, and
one under $200. You can spend more than $800 for a tran-
sistorized mobile unit, but it may not “talk” any farther than
a tube-type set. Transistor sets, on the other hand, generally
draw less battery current in standby, which is important if
the set is to be left on for long periods with the vehicle’s
engine shut off or idling slowly.

The lowest priced Business Radio on the market (under
$200) emplovs AM and is rated at 10-watts input. This set,
operable on channels in the 25-50 me. baud, is claimed to be
able to cover areas ranging from 400 to 1600 square miles,
depending upon local terrain conditions.

Priced higher, but well under $400, is another unit which
is available in low-band and high-band types, rated at 35-watt
and 50-watt outputs respectively. These sets, which employ
M, are compatible with all other makes of F\I sets and can
be used in existing FM systems and mixed with other brands.

& Range

Power input on Business Radio channels mav be as high
as 500 or 600 watts on some frequencies, 180 watts on many,
and 3 watts on the few low-power channels reserved for short-
range use. If vou install low-power Business Radio equip-
ment, you can add a booster power amplifier on many of the
channels.

If vou require extended comnumication range, such as an
entive county, you should consider the losw band (25-50 mc.).
However, vou will enconnter more ignition noise, particularly
if you use AM, than in the high band (152-174 mc.) where
ignition noise is seldom a significant problem.

For coverage of fairly large cities with only a single base
station, the high band is reconmended. Because of reflection
of the v.h.f. signals, vou will often be able to communicate
with mobiles when they are being operated in underpasses,
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on bridges, or even when they are in some tunnels.

The u.h.f. band has many advantages which are not well
known. There is virtually no noise problem and reflection
characteristics are better than in the high band.

Communicating range in the u.h.f. band is generally about
two-thirds that obtainable in the high band under the same
conditions. But, this is not necessarily so. In Baltimore, a
tuxicab company reported better coverage at u.h.f. than at
v.h.f. particularly in shielded areas. A base station with an
indoor antenna and located on the eighth floor of an office
building, was able to communicate with a mobile unit 22
miles wwvay across flat terrain, occupied most of the way by
apartment and office buildings.

Excellent communications can be expected in anv of the
three bands it an adequate base station antenna system is
provided. Base-station antenna height is not restricted as it
is for class D CB stations. The antenna mayv be mounted at
any height provided the structure is not a potential hazard to
aircraft.

Since a class 1D CB station cannot legally be controlled from
a remote point and because antenna height is limited to 20
feet ubove the ground or existing structure, range is limited.
But a Business Radio station can be installed at a high location
and can be remotelv controlled. Hence, the base station and
control point can be miles apart.

The cost of the hase station can vary from under $400 for
a 35-watt desk mount tvpe plus less than $100 for the antenna
system, to more than $2300 for a 230-watt station including
a high-gain antenna that gnadruples the effective radiated
power.

The cost of mobile equipment for the low band and high
band is comparable. Several makes on the market are priced
at less than $400. The u.h.f. equipment, however, is more
expensive, starting at around $350 for a 10-watt FM unit to
$800 or more for a higher powered set.

Incidentally, all equipment in the Business Radio Service
must be approved by the FCC as meeting certain technical
requirements. No home-built or kit-type equipment may be
used.

While it will cost approximately twice or more as much
for equipment for use in one of the three Business bands
as for top-grade CB equipment, greater communicating
range and nnich less interference from other stations can be
expected. A

Tabie 1 Compcrlson be'ween Citizens Band and Business Radio.

CLASS D CB BUSINESS RADIO i

Bands 26.96-27.26 mc. | 25-50 mc. (approx}
152-174 mc. (approx)
460-470 mc. (approx)

Moduiation AM only AM or FM

Maximum Power (input) 5 watts 600 watts

Maximum Antenna Height 20 feet Any height

Remote Control No Yes

Personal Communications Yes No

Business Communications | Yes Yes

Home-built or Kit Yes No

Operator’s License No No

Station License | Yes Yes

Price Range (mobile) l $40-$350 $200-$800

(base) $40-$350 $200-$2500
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RECENT DEVELOPMENTS
in ELECTRONIGS

TV Via Laser Beam. (Above) A continuous beam of
light, generated by a helium-neon gas laser and di-
rected into a hand-size optical modulator at the left,
carries a television image in a demonstration by North
American Aviation. The light is directed into the tele-
scope-like optical receiver at the rear right where it
strikes a photocell, is converted into the original TV
signals, and applied to a picture tube in the monitor.
This system has been demonstrated over a distance
of five miles. The same operating principles could be
used for a space communications system. . . . Port-
able TV Tape Recorder. (Above right) No larger
than a suitcase, the new transistorized Precision In-
strument portable tape machine records all the sight
and sound of television. The unit weighs 68 pounds
and can record 96 minutes of video on a single reel
of 1-inch tape at a speed of 72 ips. The tape recorder,
designed mainly for closed-circuit TV users, places
the video signal on the tape by means of a helical-scan
method using 180° tape wrap and two video tape
heads. ... Portable Foam Radome. (Below right) A
26Y>-foot radome, made entirely of rigid fire-retardant
Hetrofoam polyurethane foam, is swung into place over
radar antennas at Air Force base in Canada. The 3%"
thick electrically transparent foam panels from which
the radome is made provide good weather protection.
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Eiectronic Frog’s Eye. (Right} The 40-
inch square, 6-foot long machine in the
background doesn’'t compare in compact-
ness with & frog's eye, but it performs the
same functions. Built by RCA for the Air
Force, the computer will be used tor ex-
periments in automatic pattern recogni-
tion. The device uses circuits that simu-
late living nerves. . . . New Integrated
Circuitry. (Below) Pilot production of a
new form cf integrated circuitry has been
started by Sylvania. Formed on a small
chip of silicon, the circuits are epitaxial
planar constructed, and incorporate the
equivalent of 22 regular compcnents.

Electranic Golf-Ball Tester. (Above) To electronically
test its new golf balls, A. G. Spalding has developed this
device, a sort of indoor driving range. The machine propels
each bail through a small opening on a simulated 280-yard
drive, with the ball traveling nearly 255 feet per second.
A high-speed camera with strobes has “stopped” the ball
baing tested for this photo. The electronic equipment at
the top of the unit measures the initial velocity of the balls
tc insura that they reach but do not exceed the U.S. Golf
Association limitation. ... Anti-Guerilla Command Set.
{Left) A new parachutist-carried command pack set, which
permits anti-guerilla fighters to maintain radio contact
with friendly forces, base headquarters, field personnel,
and aircraft pilots while operating behind enemy lines, is
being field tested by Sylvania. Consisting of 4 separate
2-channel transceivers, the 37-Ib. pack repfaces about
300 Ibs. of equipment previously used for the same job.
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SEMICONDUCTOR
STRAIN GAGES

By HAROLD S. RENNE

New solid-state transducers that detect and measure
movement of beam or rod with far greater sensitivity
than previously possible with resistance-wire gages.

EMICONDUCTOR materials have been invading more TT5H ' T R ERaE *l T mww! T munaN
1 are used in transistors, solar bat- | !
‘mc.l more fields. T.llc.y wre used in transistors, solar ba " ! ! | o
teries, diodes, radiation detectors, and thermometers— [ ’ { |
and now they have invaded the strain-gage field, in a big [ | T
way. As we will see later, they add a new dimension to the |
usefulness of strain gages and introduce orders of magnitude 16| ——— =
of improvement in their operation. |
. i |
What Is a Strain Gage? [

A strain gage is a device for detecting and measuring nal—rrt ] anE
movement of a beam or rod on which it is mounted. This RN EgEey {
movement can be the result of tension, compression, bending, £ | l
twisting, or any other motion that it is desired to measure. 9 | | =
A typical application is to determine the amount of load on Y4 BEs
a beam by measuring how much it bends. With proper cali- 2 -1 | 5|
bration, this load can be calculated very precisely. = I

. . . . - 4

Conventional strain gages are made of wire or foil. The 9 of——+ g

m | -

wire of the gage is looped back and forth to produce the T

flesil'e(l resistance, as shown schematically in Fig. 1. The gage i e o TENSION

is then bonded to the beam under test by means of a special STEEL

adhesive. If the beam is bent so that the gage is compressed, 108 w N

the resistance decreases, as the cross-section of the wire in- 5 i '023..

creases. If the gage is stretched, the cross-section decreases W= i
X 3 AREA = .0414"2

and the resistance increases. 106 '

Gages of this type have been employed for years and they ] o

are extremely useful, However, there is one disadvantage to ammal abe  eso aes— oo 300
L 9 b g q . |

such a device. It is not very sensitive, that is, the change in a g LOAD-LBS e '

resistance is very small for moderate strains. The sensitivity

is usually indicated by a term called the “gage factor,” G, Qg ss gzl oadnchQsu gt = L EE Sl nagMpunleS Srmgles!-

which is a measure of the fractional change in resistance with
strain. In most commonly used wire gages, a gage factor of
two to four is obtained. The equation for the gage factor may

be expressed as follows: G = AR/RS where AR is the
change in resistance, R is the original resistance, and S is the
strain (which is also referred to as the change in the length

Fig. 1. Wire in a strain gage is looped back and forth in per unit of Iength).
order to produce desired resistance change when it is bent.

Early Work with Semiconductors

D) A few years back, scientists at Bell Telephone Labora-
k - tories began a study of the piezoresistive properties of semi-
) conductor materials. The term “piezoresistive” refers to a
C change in resistance with mechanical deformation. They
) found that bars of silicon and germanium exhibited changes
C 3 in resistance far greater than other materials when mechan-

ically deformed by compression or tension. This led to further
exploratory work on these materials to determine their suit-
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ability for strain gages. Results were extremely favorable.

Early experiments showed that strain gages fabricated of
properly doped semiconductor materials could have gage
factors as large as 150 to 200, nearly two orders of magnitude
greater than wire gages. This work at Bell Labs led to the
development of commercial semiconductor strain gages by a
number of manufacturers.

Both silicon and germanium have proved to be useful ma-
terials for struin gages. In general, silicon has a somewhat
higher guge factor and can be used at a much higher tem-
perature than germanium. and so is used most widely. Doping
can be cither p-type or n-tyvpe, and can be either heavy or
light, depending on the desired characteristics. Heavy doping
reduces the resistance and alters the sensitivity somewhat,

Semiconductor Gage Characteristics

Semiconductor strain gages are usually designed to have
the same resistance as standard wire gages, such as the
Baldwin-Lima-Hamilton SR-4. Standard resistances are 50,
120, and 300 ohms, but much higher resistance units can be
fabricated if desired. The gage is usually made in the form
of a bar or strip cut from a properly doped single crystal.
The bar or strip must be oriented properly with respect to
the crystalline structure of the single crystal, as the piezore-
sistive properties are maximum for only certain directions.
Units having the same dimensions can be made with resist-
ances from a {ew ohms to several megohms by adjusting the
doping during crystal growth. Leads must be attached care-
fully to avoid the formation of rectifving junctions.

Semiconductor strain gages, particularly those made of
silicon, have other desirable properties besides high sensi-
tivity. They exhibit veryv low hysteresis loss. This means that
their characteristics are highly reproducible whether a par-
ticular point is reached by increasing the strain from a low
value. or decreasing it from a high value. The material is
quite rugged when properly prepared and is very elastic.
Hence, it can be deformed to quite a degree and will return
to its original state when the deforming forces are removed
without acquiring any permanent “set.” The frequency re-
sponse is very high, on the order of kilomegacvcles, and in
general is limited by the external circuitry. There is one dis-
advantage, however. Both the gage factor and the actual
resistance are cxtremely temperature-sensitive, but there are
several ways of compensating for this effect.

Great care must be exercised in bonding semiconductor
strain gages to the surface on which they are mounted so
that there is no slippage or creep. A number of cements are
satisfactory if used according to directions. Some require
curing at elevated temperatures which may introduce a per-
manent compression or stretching because of the unequal co-
efficients of expansion of the gage material and the surface on
which it is mounted. This permanent “set” can be used to
advantage in some applications. Typical cements that are used

Fig. 3. Typical commercial silicon strain gage in its holder.
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Fig. 4. Dimensions of the strain gage that is shown in Fig. 3.

Fig. 5. (A} Gage is first forced by its holder into adhesive
on prepared surface. (B} Holder is removed. (C} The leads are
attached. Unit is ready for use as soon as adhesive has cured.

include Eastman 910, EPY-150, Mithra #200, and others.

Lincarity of silicon strain gages is very good—particularly
for the lower-resistance units. A typical curve is shown in
Fig. 2, which is a plot of the load in pounds on a steel bar vs
the resistance of a Century Electronics” semiconductor strain
gage wounted on the bar,

Commercial Semiconductor Strain Gages

As mentioned previously, semiconductor strain gages are
commercially available from a number of companies. A few
tvpical units will be described, but it should be understood
that this listing is by no means comprehensive.

Fig. 3 shows a silicon strain gage manufactured by the
Century Electronics Co. of Tulsa, Oklahoma, and trade-
named the “Strainistor.” A dimensional diagram of this unit
is shown in Fig, 4. This "Strainistor” can be used at tempera-
tures up to 700°F and at strains of greater than 2000 micro-
inches per inch. The gage factor at 72°F for a 120-ohm unit
is from 120 to 140.

The “Strainistor” is supplied on a combination handling
and mounting fixture. The series of photos in Fig. 5 shows
how the “Strainistor” is mounted on the prepared surface by
first embedding it in the cement with which the surface has
been coated, then removing the fixture, and finally attaching
the leads.

It is possible to use a strain gage to measure pressure.
Fig. 6 shows a gage designed for such a purpose. This par-
ticular unit can be used with most gases and liquids and is
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Fig. 6. Pressure

Fig. 8. A different lead configuration is used in this gage.

available in ranges from 23 to 10,000 pounds-per-square-
inch. Linearity is very good and hysteresis is negligible. The
output is compensated to 3% maximum change over a tem-
perature range of 0°F to 250°L.

The Baldwin-Lima-Hamilton Company of Waltham, Mass.,
a major manufacturer of wire and foil-tvpe gages, also mukes
a line of silicon gages. These units have an active length of
about 0.18 inch, a resistance of 120 or 350 ohms as desired,
and a gage factor of 120. Photographs of typical units are
shown in Figs. 7 and 8.

Another major manufacturer of semiconductor strain gages
is the Kulite-Bytrex Corp. of Newton, Mass. The active ele-
ment in this company’s line is a filament of silicon having a
cross-section of about 1 by 5 mils and an effective gage length
of % inch (dimension B of Fig. 9). An interesting sidelight is
that units are available with a negative gage factor of as high
as 140. This means that the resistance decreases with tension
and increases with compression.

Kulite-Bytrex lists a number of interesting applications for
its strain-gage transducer systems. Some of these are: the
automatic weighing of pipe in a tube mill (Fig. 10), moni-
toring the weight change of a bedridden patient, control of
screw-down pressure on a 3,000,000-pound rolling mill, and
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measuring the six components of reaction force of u ballistic
missile during captive firing,

Measuring Resistance Change

For a strain gage to be useful, it must be teamed 1vith
instrumentation capable of meuasuring the change in resist-
ance that takes place when the gage is undergoing strain.
Two methods are in general use: the Wheatstone-bridge
technique and the voltage-drop technique.

If a strain gage forms one arm of a Wheatstone bridge, the
bridge can be balanced for the initial conditions and then
anv deflection of the gage, resulting in a change in resistance,
will produce an indication on the null detector. This detector
can be a meter calibrated directly in units of strain. Such a
circuit is shown in Fig. 11. [t is interesting to note that one,
two, or all four arms of the bridge may be made up of active
gages.

If current is passed through a gage, a voltage drop will
appear across it. Any change in the resistance of the gage
resulting from applied strain will change this voltage drop.
By balancing out the original voltage, a voltmeter may be
emploved to read only the voltage resulting from the change
in resistance, and this can be calibrated directly in units of
strain. Care must be taken to avoid excessive current through
the gage, as it might result in overheating. The manufacturer
usually specifies the maximum current—a figure of 30 ma.
is fairly typical.

Temp(*ratm’o Comp('nsution

As mentioned previously, the electrical properties of semi-
conductor materials are extremely sensitive to temperature
changes. However, several techniques are availuble for min-
imizing or eliminating temperature effects in such gages.

Tiny thermocouples, which can be used to determine the
exact temperature at the gage at all times, are available.
Then, by means of a calibration chart, the necessary cor-
rection for the specific temperature can be determined and
the meter reading adjusted accordingly.

In most applications, the temperature coefficient of ex-
pansion of the gage is difterent from the material on which
it is mounted. Thus, if the temperature changes during a
tvpical run, this difference in expansion can introduce a con-
siderable error. A very good technique for compensating for
this effect is to mount a dummy gage next to the active gage
in such a position that it does not undergo strain, but is
maintained at the same temperatures as the active gage. The
output of this dummy gage can then be used to cancel out
the apparent strain due to temperature change.

Another method for temperature compensation is to select
two gages with the same temperature (Continucd on page 83)
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Fig. 9. Dimensions of Kulite-Bytrex silicon strain gages. The
dimensions A and B are typically Y, and 14 inch respectively.

Fig. 10. Photo shows flexibility and small size of Kulite gage.




“DELCOTRONIC”

TRANSISTOR
IGNITION SYSTEM

By J. C. NORRIS, fxec. Engineer, Delco-Remy Div., General Motors Corp.

A transistor-controlled magnetic-pulse

system, used by General Motors, does away with
breaker points. Higher spark-plug voltages,
freedom from maintenance, and

/

a longer life are its characteristics.

HE Dclco-Remy Division of General Motors has an-

nounced and is now producing, a new electronic igni-

tion svstem that provides higher and more uniform
firing voltage at all engine speeds, freedom from periodic
maintenance, and a longer, more reliable lifetime. The new
ignition system is currently being offered by the Pontiac
Motor Ditision as part of an optional electronic package on
its 1963 model cars.

An outstanding feature of the new full-transistor system
is that the current interruption necessary for ignition is ac-
complished electronically rather than mechanically. This fea-
ture eliminates the familiar contact points and capacitor and
with them the nccessity for periodic service or replacement
due to normal wear and erosion. Timing in the new system
is achieved by a voltage pulse generator which consists of
an iron pole piece which rotates within a permanent magnet
and a winding assembly inside the distributor. The timed
pulses from the distributor are passed on to the ignition pulse
amplifier which, in turn, controls primary current to the
ignition coil.

Contrary to popular belief, ignition systems incorporating
transistors are not new. Delco-Remy engineers developed
workable ignition systems using transistors several vears ago.
However, reliable transistors suited to ignition circuitry have
just recently become commercially available.

Contact-Triggered Transistor Syvstem

First, we will discuss brieflv a contact-triggered transistor-
ized ignition svstem. This is the simplest transistor system
possible since it retains the distributor “points” for timing
the ignition pulse. Fig. 1 compares this simple transistorized
svstem with a standard 12-volt system. Here, the transistor
is in series with the ignition coil primary and controlled by
contacts in the distributor.

When the contacts are closed, electron current can flow
from the transistor base (B) to the emitter (E) rendering
the transistor conductive; therefore, current will flow through
the transistor from collector (C) to emitter and through the
coil primary. When the contacts open, the transistor base-to-
emitter current is broken, making the transistor non-conduc-
tive; thus the coil primary current is broken, causing a
high-voltage surge in the coil. Ignition timing is therefore
accomplished by the cam and breaker points in the same
manner as in today’s conventional system,

The major difference between the two systems is the
amount of current handled by the contacts. In the standard
system the contacts break as much as 4.5 amperes at low
speeds; in the transistor circuit the contacts break about 1
ampere or less. Fig. 2 shows a contact-life comparison. On
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the left, it can be seen that the point life is short if low cur-
rents are used. This is explained by the fact that extremely
low currents do not keep contacts clean; hence small amounts
of contamination may cause trouble and failure. On the right.
it can be seen that contacts fail quickly due to dissipation
and oxidation when currents exceed 4.5 amperes. Transistor
systems can be engineered to operate at current levels which
allow maximum point life, while standard svstems, for ade-
quate output, must operate near the maximum current com-
patible with “satisfactory” point life.

The distributor used with this contact-triggered transistor
svstem would be standard except that the capacitor would
be omitted. The transistor control unit would provide a heat
sink for the transistor and would house the resistors and other
required circuitry. The control unit would have to be mounted
away from the engine because germanium transistors fre-
quently are not reliable above approximately 160°F. The
coil and separate primary resistor would be tailored to svstem
needs. The advantages of such a system would be: (1) ex-
tended point life—points could be left in use at least two
times as long as in a standard system, although adjustment
would be necessary; (2) higher output; and (3) lowest pos-
sible cost for transistor system—simple circuitry using only
one transistor.

Because this system leaves unanswered the problem of
rubbing block wear (which in itself makes periodic service
necessary), and the problem of high-specd lever bounce,
Delco-Remy has concentrated on the development of a tran-
sistor-controlled magnetic pulse-type ignition system.

Magnetic-Pulse Transistor Svstem
In the development of this “Delcotronic” ignition system.

the objective was a system that would provide long life, high
reliability, and reqgnire no periodic maintenance attention for

Fig. 1. {A) Standard 12-voit system. (B} Contact-triggered
transistor system uses breaker points in series with base.
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the life of the vehicle. In addition, the svstem was to be
suficiently versatile to be used over a wide variety of vehicle
and engine applications.

The end product is a full-transistor ignition svstem which
makes use of a timed voltage pulse from a pulse generator
to operate a transistor amplifier; this, in turn, controls the
ignition-coil current. The conventional breaker points and
capacitor have, of course. been eliminated. System compo-
nents include: the special distributor, the ignition coil, two
external ignition resistors, and, of course, the transistorized
amplifier.

A circuit diagram of the system is shown in Fig. 3. Three
transistors, three capacitors, a diode, and the associated re-
sistors are loused in the amplifier box, The pulse generator
is housed in the distributor. Two resistors and the ignition
coil are mounted externally. Q3 is the output transistor; Q2,
the driver; and Q1, the trigger transistor. The function of Q3
is primarily to control the current through the ignition coil.
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Fig. 2. Contact-point life for standard and transistor systems.
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Fig. 3. Circuit diagram of the transistor-controlled, magnetic-
pulse-type system. Specially tested semiconductors are used.

.43

.||}—

The remainder of the circuitry is used to control (3. In
order tor the system to operate properly, it must do two
things: (1) turn the coil current off at the proper time {this
is a function of the pulse generator and Q1); and (2) tum
the current buck on again at the proper time (this is the
function of the capacitor C1 and the resistor R4).
Consider first current flow for the svstem in the “on”
condition. The ignition switch is on “run” and the distributor
is not generating a pulse. Current flows through the base
of Q2. This turns Q2 on and allows current to flow in the
base of (3. This, of course, turns Q3 on, allowing current
to flow through the primary of the ignition coil. At the same
time this is taking place, capacitor C1 assumes a charge,
positive on the right and negutive on the left. Note that
there is no current flow in the Q1 portion of the circuit at
this time. By turning the distributor further a pulse is gen-
erated in the pickup coil, positive on the top and negative
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on the bottom. This applies a forward bias to Q1 and turns
Q1 on.

When Q1 becomes conductive, capacitor C1 is then con-
nected from the base of (2 to the emitter of Q2. With a
charge on the capucitor, the buase of Q2 is now more posi-
tive than the emitter. This polarity applies reverse bias to Q2
and tumns it off, thus interrupting the base current for Q3 and
turning Q3 off. Turning Q3 oft interrupts the coil primary
current which, in tum, causes the magnetic field to collapse
in the ignition coil, and the coil to send a high-voltage surge
to the spark plug. This series of events can be compared
with the points-opening sequence on a standard system. The
charge on capacitor C1 will hold Q2 off until it is bled to
ground through R4. Q2 will then again become conductive
and allow Q3 to return to the on state, after which current
will again flow through the ignition coil. As Q2 becomes con-
ductive, the voltage rise feedback through RG will then turn
off Q1 and the system is now ready for the next pulse. This
completes a description of onc cycle of operation, vet no
mention has been made of the zener diode CR1 or capacitors
C2 and C3. These are protective devices and have no bearing
on the operation of the circuit as such.

The zener diode is used to clip any voltage pulse which
would exceed the voltage rating of the output transistor Q3.
If it were not for the zener diode, the system would have to
be designed so that the primary induced voltage would not
exceed 120 volts under the most abnormal conditions of
operation. This would mean that under normal conditions
the outpnt transistor would be operating at two-thirds of its
rating. With the zener we can operate normally closer to the
rating of the transistor and, when abnormal conditions ap-
pear, the zener diode will hold the voltage to a level below
the rating of output transistor Q3.

Capacitors C2 and C3 are used merely for transient voltage
suppression, They reduce transients generated by the system
which would normally exceed the rating of the trigger tran-
sistor Q1.

In order to make the system adaptable to a wide variety
of applications, it was necessary to design a completely water-
proof housing for the pulse amplificr. This feature allows
the unit to be mounted outside the hot engine compartment
without concern for road splash. Concern over mounting
position stems from the natural temperature limitation of the
germanium transistors involved. For purposes of reliability,
this svstem should not be operated in an environment of more
than 160°1°. Since underhood temperatures exceed this limit
on most applications, the pulse amplifier must be mounted
cither forward of the radiator or in the passenger compart-
ment of the automobile.

Special Diztributor

The housing, vacuum unit, and cap of the distributor are
of a design and construction familiar to the automotive in-
dustrv. The circuit-breaker plate and contact-set assembly
has been removed and in its place a magnetic pickup assem-
bly is installed on the center bearing of the housing. A ro-
tating toothed pole picce is mounted on the shaft in place of
the conventional breaker cam. Both vacuum and centrifugal
advance in this distributor are obtained in the same manner
as in the standard battery ignition system.

A ceramic ring-type magnet is located under a stationary
toothed pole piece. A nvlon spool with a coil wound on it is
also part of the assembly. Both pole pieces contain a tooth
for each c¢ylinder of the engine. The teeth are shaped to
give the desired triggering waveform. The teeth on both of
these pole picces must be accurately spaced to prevent sig-
nificant timing variation from cylinder to cvlinder. Once these
assemblies are built up and placed in the distributor, there
is absolutely no necessity, and no provision, for adjustment
of any kind.

The manner in which the triggering pulse is induced into
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the pickup coil is illustrated in Fig. 4, When the distributor
shaft is in a position such that the teeth on the rotating pole
piece are lined up with those on the stationary pole piece, a
flux path is established as shown in Fig. 4A. This is the
minimum air-gap condition. As the shaft is rotated to a point
where the teeth on the rotating pole pieces are half way
between those on the stationary pole piece, a maximumn
air-gap condition is established and the flux field collapses,
as shown in Fig. 4B. Thus, as the distributor shaft rotates,
the magnetic field is made to alternately build up and col-
lapse, thereby inducing a transistor-triggering voltage into
the pickup coil.

System Performance

Performance of this system as compared with that of the
standard 12-volt system is shown in Fig. 5. The output of
the system, it will be noted, is fairly constant throughout
the speed range. Such performance is due, in part, to the
design of the amplifier circuitry as well as to the design of
the coil winding. Note also that the characteristic drop-oft
of output voltage as speed is increased, which is normal
with the standard 12-volt system, is not present with the
“Delcotronic” system. The pulse-to-pulse voltage output of
this transistor system is more consistent than the standard
system, particularly at low speeds where the latter is affected
by contact arcing,

Ignition performance during cranking is another basic
consideration. To insure starting, adequate voltage must be
supplied to fire the spark plug even when cranking under the
most adverse conditions. The svstem meets these require-
ments well as the break current is high, thus permitting maxi-
mum build-up of current through the ignition coil.

Iig. 6 shows the peak cirrent of this system as compared
with that of the standard 12-volt system. Here, the curent
(approximately 7.5 amps) is considerably more than that of
the standard system because the contacts are no longer a
limiting factor. The average current draw of this system in
the idle range is approximately 6.25 amps compared with
approximately 2 amps in a standard system.

The principal disadvantages of this system are: (1) higher
average current consumption; and (2) higher initial cost due
to the addition of semiconductors.

The principul advantages are: (1) The system will vield
higher output than a standard system. (This allows spark
plugs to operate for longer periods of time.)

(2) The system will operate at extremely high speeds

Fig. 4. {A) Magnetic circuit in distributor for minimum air
gap and (B) for maximum air gap. There is one stationary
tooth and one rotating tooth for each cylinder of the en-
gine. As the teeth pass each other the magnetic field sweeps
across the coil and generates a trigger pulse that is applied
to transisfor Q1, turning it on. The teeth in the pole pieces
are specially shaped in order to produce proper waveform.

STATIONARY -
POLE .
- ‘/\/ PIECE
_ROTATING —
POLE
LOST ™ T
b\/ Wy
W
u'
POLE PIECES — POLE PIECES —%
! AN AN
12, i /f‘\ 23
: IR ) | ——z A
N W o iekup ‘ '(‘l’ W W orckup
w ,I‘/"/:’)l?l/ coIL o “"’ ,‘Mr’/"ﬁ'com
= |
s T | 2 Frn o
z I 4 WL w0
= W bt LI AT I
Z 1w Zz i o
8 I I 5 [ Y
1 ki {4 \,IINS\‘ A
e = = ] 534 "_Tl
RING MAGNE T RING MAGNET
L (a) (CERAMIC) ! (B)  (CERAMIC)

July, 1963

30

DELCOTRONIC SYSTEM

b
I

STANDARD |2V. SYSTEM

KILOVOLTS
N
[0
—
f
i
1

18| -
10 | ol l I | | | | F
o 10 20 30 40 50 70 80 SO 100

60
MILES PER HOUR

Fig. 5. Spark-plug voltage generated by the two ignition systems,
s DELCOTRONIC SYSTEM
sf— §

(0]

W

4

Im

o af o
% =i
o A - ‘ : L ‘L

(e} 20 30 40 50 &0 70 80 90 [[ele]
MILES PER HOUR

Fig. 6. Note the higher current switched by the transistor system.

without losing ignition performance. (On test fixtures, it
has operated successfully at more than 9000 engine rpm.)

(3) The system is essentially maintenance-free. (Absence
ot parts subject to rapid deterioration gives top reliability.
The system will operate indefinitely at high efficiency with-
out any of the usual tune-up attention.)

Some of the recommended applications for a svstem of
this tvpe are for: (1) high-performance, high-speed engines;
(2) heavy-duty truck engines; (3) heavy-duty stationary en-
gines; and (4) future engines.

Test Program

The manufacturer has conducted an extensive test program
in an effort to prove the reliability of this system. Over
200 units have been placed on a wide variety of vehicles,
and more than 230 units have been operated in the laboratory
on various tvpes of endurance testing. Upwards of one nillion
miles and 100.000 hours of testing have been accumulated.
An example ol long life is: Two svstems on bench endurance
running an equivalent of 120 mph, have each operated for
over 9000 hours.

In all tvpes of testing on prototype units, a semiconduc-
tor fuilure rate of less than 0.8% has been experienced. Of
this, two-thirds of the failures could be traced directly to
improper installation or to error on someone’s part. In other
words, the naturul failure rate experienced hus been only
0.25%. In no instance was any periodic service or attention
given these units.

Indicated semiconductor reliability is certainly very en-
couraging. However, it was not accomplished by merely buy-
ing shelf-item semiconductors and using them as purchased.
As a matter of fact, a major part of the development effort
was the formulation and use of certain evaluation technicjues
for semiconductors. First, we made sure that the semicon-
ductors chosen were compatible with the circuit. Next, we
ascertained that the semiconductor characteristics did not
tend to shift with time or varied environment. Finally, we
established a comprehensive receiving inspection test to as-
sure consistency and dependability,

In conclusion and in summary, the new transistor-con-
trolled magnetic pulse-type ignition system provides the long
maintenance-free life and high reliability which have been
songht for many years. It accomplishes this end by totally
eliminating the components which traditionally have been
the most subject to inaccuracy, to unusual wear, and to dete-
rioration. A
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MUST
STERE(Q
DISCS
SOUND
BAD?

Growing dissatisfaction with stereo discs may be
due to greater tracing distortion and increased
vertical tracking error. Means for reducing these

effects are suggested, leading to improved stereo.

By DUANE H. COOPER / Dept. of Electrical Engineering, University of lllinois

lent sound than is monophonic sound. The improve-

ment over mono is so remarkable that low-fidelity
(called “high-fidelity,” of course) stereo phonographs sell
themselves on the crudest listening tests, in preference to
mono, practicallv every time. As is to be expected, prolonged
listening at home brings an inevitable disappointment. Can it
be that the same disaffection is creeping, however slowly,
upon the owners of top-quality component systems? There
are reasons to think so.

The fact is that serious listeners are becoming increas-
ingly aware of a stridency in the sound of their stereo rece-
ords, as more and more letters to the editors of hi-fi maga-
zines testifv. The charge is made that the recorded sound
has been “doctored” to produce a more brilliant effect on
cheap phonos. Some hope, with a certain measure of desperu-
tion, that 12-inch, 43-rpm records will restore to sterco the
clean sound of the mono LP, while others turn to pressings
mastered from 33-mm. magnetic film.

In selecting recordings, broadcast engineers and pro-
grammers are finding that FM stereo imposes severe re-
quirements on recorded material. Many listeners will receive
only the compatible mono signal. Thus it happens that stereo
recordings must meet the test of sonnding good when heard
in the mono mode, as good as mono recordings sound.

With a good system, it is casy to discover that the stereo
recordings that will meet such a test are rather few. One
simply switches the stereo svstem to the mono mode and
resolves to leave it that wayv for a week or so in order to
condition the critical faculties to the values of mono sound.
During this period, both high-quality mono and stereo discs
are to be plaved, using a variety of labels. Lush orchestral
passages, recorded at high level and great separation, are
more likely to offend. but small string ensembles can grate
as well. Of course, it is scandalous to listen to stereo records
in the mono mode when the tull stereo system is available.
The greater scandal is that, shorm of the sumptuons sterco

l :VERYBODY knows that sterco sound is a more opu-
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eflect. too few stereo dises will stand comparison with mono
recordings.

It is not necessary to conclude that distortion. currently
running to dozens of percentage points, is sounding the death
knell of the stereo dise, or that tape must displace it What
is necessary is that the sources of distortion be more widels
understood, so that preventive measuares can be undertaken
by the recording industry. The two principal sources of
distortion are tracing error and vertical tracking angle error.

Tracing Distortion

Tracing distortion is the more difficult to correct, al-
thongh audio-design authority Professor FF. V. Hunt of
Harvard has recently proposed a method of tracing-crror
compensation. Line a of Fig. 1 illustrates an extreme case
of tracing crror. It depicts a sine wave recorded with such
a wavelength and amplitude that the spherical stylus tip
just fits in the depressed portion of the groove. No sooner
does the tip fit into the depression, than it must pop ont
again, so that the center of the spherical tip, ¢. traces a curve
with sharp turning poeints. The total harmonic coutent of
such a wave is ubout 23 per-cent.

The acceleration at the turning points is several thou-
sands of G’s, in familiar space-age terminology, With milli-
gram stvlus masses, the record material vields (elastically,
it is hoped) under the resulting force so that the corners
are actually slightly rounded. Otherwise, the accelerations
would be infinite.

\While the case illustrated is extreme, it can oceur if a
2-ke. tone, recorded at 20 ¢m./sec. (ram.s.), is plased with
a 0.7-mil stvlus. A definite sharpening of the tronghs is no-
ticeable in one of the author's frequency-test records for an
8-kc. tone recorded at 5 ¢m./sec. When the maximum curva-
ture is one-fifth that needed to make a close tit to the styvlus,
the harmonic distortion is five per-cent. The same distortion
is less severe in mono recordings since the other «roo ¢ wall
carries an exactly complementary signal. The resultin 1 push-
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pull geometry prevents an asvmmetric tracing, so that the
dominant second harmonic content cancels out.

Professor Hunt’s scheme for tracing compensation calls
for an intermediate cutting to be traced by the itended
stylus, as in a of Fig. 1. The resulting signal is to be used,
with reversed polarity, to make a second cutting, as shown at
b, to serve as the master. Here the groove wall, with its pro-
jecting sharpened corners, may be traced as a distortion-tree
sine wave, as would be the case in the final pressing. Also,
the dynamic styvlus forces are substantially reduced, with the
result that the record material suffers smaller deformations,
making for an extended life.

Other means of reducing tracing distortion require (1)
a reduced recording level, resulting in sacrifices in dvnamic
range, or {(2) a more sharply pointed stvlus, requiring
lighter stylus forces, if record life is not to be reduced.

Vertical Tracking Error

The cure for vertical tracking angle error, however,
requires only a meeting of minds within the recording in-
dustry and among cartridge manufacturers. Distortion arises
on this account because the surfaces in which the repro-
ducing stylus and cutter stylus nwve are not at the same
angle from the groove. The disagreement has primarily to
do with the vertical. For a long time the Westrex cutter, with
a “vertical” motion 23 degrees from the true vertical, has
established a standard for the industry. However, the RTAA
voluntary standard is 15 degrees. The corresponding Euro-
pean standard (IEC) has not yet been set, but 15 degrees
has been proposed. Meanwhile, pressings are being made
with vertical cutting angles ranging trom true vertical (0
degrees), and 8 degrees, to the 23-degree Westrex angle,
by the various companies.

The cartridge makers are in a similar state of disagree-
ment. One famous cartridge has a vertical tracking angle
of 40 degrees, another, cqually famous, uses 30 degrees,
while vet a third uses 15 degrees.

It is casy to see how the distortion comes about, One
simply gets out a table of sines and plots a sine wave, as was
done in g, Iig. 2. A skew projection of these plotting points
is made onto a new axis, line b of Fig. 2. The original plot-

(TPl

Fig. 1. Generation and remedy for fracing distortion. Line ‘“‘a
shows a groove wall being fraced by a styilus whose spherical
tip just fits in the hollows of the recorded sinusoid. The
center of the stylus, ‘‘c,”” traces a curve with sharp turning
points. At “b" is shown the effect of tracing compensation

proposed by Professor Hunt. The tracing from ‘“‘a’ is used to

drive a cutter, but with reversed polarity, to form the groove
wall at “b."" The resultant is then traced without distortion.
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ting points are no longer equally spaced along the new axis.
They are the basis for the erection of the distorted curve
at ¢, using the same values from the sine table, as before.
The harmonic content of the distorted wave is about 335 per-
cent, for this tracking angle error of about 27 degrecs and
an rm.s. velocity about equal to the groove speed.
Harmonic distortion is not the whole story. There is an
intermodulation and a crossmodulation of an FM character.
The plotting points may be imagined to mark the alternating
crests and troughs of a weak high-frequency wave superposed
on the one plotted. The varving spacing in these points on
the axis of line i displavs the frequency modulation. In the
case plotted, the peak frequency shift is 70 per-cent of its
nominal value (30 per-cent, rm.s.). The r.m.s. phase-modu-
lation index is 4.3 (430 per-cent!). It does not matter
whether the plotting points mark the peaks and troughs
of the high-freqquency wave as recorded in the same channel
(intermodulation}, or in the other channel (crossmodulation)
in the same groove; the modulation is the same, as long as
the large-amplitude lower frequency wave is traced askew.
The ear is not insensitive to such modulation. Psyvcho-
acoustic experiments have shown that the ear can hear as
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Fig. 2. Construction showing tracking distortion. The plot-

ting points of the sinusoid at ‘‘a’ are projected by skew lines
to “‘b.” These points, whose spacing is now modulated, are the
basis for the construction of the distorted wave shown at “‘c.”
The angle of the skew lines differs from the vertical by the
amount of tracking angle error, shown as about 27 degrees.

little as 0.15 per-cent frequency modulation and, under cer-
tain circumstances, as little as 0.015 per-cent. It sounds like
ordinary amplitude intermodulation, if the modulating fre-
quency is in the ordinary audio range.

The case plotted is extreme, but much less severe cases
can still result in dozens of percentage points of distortion,
a distortion plainly evident to the ear. The mono case is not
plagued with this amount of distortion. Tonearm designers
have long made it a practice to keep lateral tracking errors
to only a degree or so. Their efforts are of little help for
sterco, however, in the face of the present varving practices
for the vertical angle. Also, because of crossmodulation,
switching to the mono mode is of no help in reducing the
distortion, as long as there is a substantial vertical signal
tracked with an incorrect angle.

The day will come, as it must, when the distortion built
into sterco records will be as smull as in mono recordings,
or even as that in our fine awmplifiers, speakers, and match-
ing cartridges. On that day, distortion percentages of one
or two points will mean something. Until that dav comes,
we can only say, “You haven’t heard anything yet!” A
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UNDERSTANDING
COLOR TV
EMODULATORS

T has been said often, and it is true, that most of the

circuits in today’s color TV receivers are not very different

from those found in their black-and-white counterparts.
The tuner, i.f., audio, sync, and deflection circuits perform
essentially the same functions in both tvpes of sets. Anvone
who has come to know what happens inside of a mono-
chrome receiver will have little trouble following the same
action in a color design, despite the occasional addition of
some refinements. Anyone who has worked on black-and-
white defects is well on his way to matching that perfor-
mance when the same circuits are involved in color.

The great difference involves three special circuit sec-
tions. The color tube and its associated driving circuits gener-
ate the color display. The color synchronizing and color
demodulating sections respond to the special color video
information in the composite signal and process it so that it
may be used intelligibly.

Of the last two sections, we deal with the demodulating
systeins here. They are of particular interest now because,
with color-set sales under way, there is today more than one
design in use. The manufacturer's data is still the best guide
to detailed alignment instructions for cach of them. A com-
parison of the various circuits, however, and how they work,
provides a better insight into each of them. This under-
standing is particularly helpful when troubles occur, as fault
development grows out of the particular design.

Color Demodulator Functions

Colov information is recovered from the 3.58-mc. subcar-
rier in the form of two signals, the X and Z signals, which
are 62.1° apart in phase. To remove these signals from the
3.38-mc. subcarrier, the correct color-synchronizing signal
must be available. This sync signal, gencrated in the color-
synchronizing section of the receiver, is locked to the
3.38-me. sync signal transmitted by the TV station in short
bursts with each horizontal-syne pulse.

The X and Z color signals are recovered from their sub-
carrier by a process known as synchronous demodulation.
It differs from ordinary AM or FN detection in that the
syvne signal must be present. The process may be compared
to observing fast rotation with a stroboscopic light. If the
rate of rotation and the rate at which the strobe light goes
on and off are in synchronism, the motion will appear to
stand still. If a small speed difference exists, this will appear

Fig. 1. Despite minor variation from one circuit to another,
this general system for color detection is used in most sets.
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With more set makers drawn into

the tinted picture, circuit innovation is
inevitably under way. Covered

here: function, characteristics

and adjustment of the latest demodulators.

By WALTER H. BUCHSBAUM
Industrial Consultant, ELECTRONICS WORLD

as slow motion. A practical example of this is the obscrva-
tion of flutter in a phonograph drive mechanism with a strobe
light. Without the strobe light, the speed of the phono motor
is too great to show the flutter. When the strobe light “stops™
the rotation, the flutter becomes visible. In the same manner
does synchronous demodulation permit the color video in-
formation to be separated from the higher frequency 3.538-mc.
carrier.

The X and Z signals each have a bandwidth of about 1 mc.
and contain the elements of the three basic color (or color-
difference) signals, Red-Y, Green-Y, and Blue-Y. (The Y or
brightness signal is the same as the black-and-white video
signal, with a bandwidth of about 4 mc.) When the three
color-difference signals are properly combined with the Y
signal, the color-picture information is complete.

The addition of the three color-differcnce signals to the
brightness or Y signal is accomplished in the color picture
tube by driving each of its three grids with their respective
difference signals and simultaneously driving all three cath-
odes with the Y signal. To obtain the three color-difference

3.58MC.
i 3.08MC.

100%

85%F——— ———

15% MAX,

Fig. 2. Normai bandpass-amplifier response for Fig. 3 circuit.

signals from the 3.58-mc. color subcarrier, three distinct steps
are necessary. IFig. 1 illustrates, in block diagram form, how
this is done.

The first step is to amplify the color subcarrier within
the bandpass limits required for the X and Z signals. In the
bandpass amplifier, the color (or chroma) gain control regu-
lates the amplitude of the color signals before they are sep-
arated. Here the color-killer bias is applied to suppress any
signals during monochrome transmissions and horizontal-
blanking pulses are also applied to suppress all color signals
during the retrace period.

The output of the bandpass amplifier is applied to both
the X and Z demodulators, in the second step. These stages
consist generally of one tube each and operate as synchro-
nous detectors. In each the chroma signal is applied to one
tube element and the correct color-sync signal to another
tube element. At the input of the demodulators, the signals
are still encoded on the 3.58-mc. color subcarrier. At the out-
put, the X and Z signals contain all the color information.
LC filters remove the 3.38-mc. components.

The third step consists of addition, subtraction, and in-
version (in the three amplifiers of Fig. 1) to change the X,
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Fig. 3. This widely used circuit for re-
covering color information is found in
sets made by RCA, G-E, Admiral, and others,

and Z signals into the three color-difference signals. Note
that the green color-difference signal is made up from cle-
ments of the red and blue. Addition is performed by simply
combining signals across a resistor and subtraction is accom-
plished in the same manner, except that one signal is inverted
or negative. This is also called matrixing.

The three color-difference signals are applied to their
respective picture-tube grids, while the Y signal is added at
the cathodes. In the block diagram, the three color-drive
controls are shown located in the cathode circuit, but in
some scts they set the bias at the grid. In either system,
these controls determine the gain of the respective color
signal or the dynamic color balance, by varying the cathode-
grid bias of each electron gun until they are matched.

While the basic functions outlined in Fig. 1 are accom-
plished in every type of color TV receiver, the actual cir-
cuits ditfer. Those manufacturers who pattern their circuits
after the RCA model invariably use separate stages for X and
Z demodulators and the color-difference amplifiers. Zenith
has its own demodulator system, which combines the func-
tions of demodulating and matrixing in two special stages.

Adjustments and Problems

Although there are a number of adjustments involved in
these circuits, the simplified presentation in Fig. 1 shows
four basic ones. The color-gain control is on the receiver’s
front panel, for customer operation. It determines the inten-
sity or saturation of the color in the picture, much as the
contrast control establishes the black-and-white level. The
three separate gain or drive controls for each of the colors
to the CRT are secondary adjustments to be set by the tech-
nician. They are adjusted with respect to each other, pref-
erably with a color generator, so that the reproduced levels
of red, green, and blue signals are correct and matched to
each other. The proper reproduction of white on the screen
indicates that these controls are balanced properly.

As for finding defects other than misadjustment, a few
simple rules can help localize a problem to a particular
stage. If no color appears at all when it is being transmit-
ted, the bandpass amplifier is the first object of suspicion.
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Tt is also possible that both X and Z color-sync information
is missing. Sometimes the bandpass amplifier itself may be
sound, but it is prevented from operating because color-
killer bias is being incorrectly applied to it even during color
transmission. This can be determined by a quick check of
killer bias with a v.t.v.m. (A defect in the blanking circuit
could also cause the continuous application of the bias, al-
though this is relatively rare.)

If only the X demodulator is defective, the red component
will appear to be missing, while the blue will come through
and the green will appear off in color. Conversely, if the Z
demodulator is defective, neither blue nor green will appear,
but red will seem normal. A defect in any of the color-dif-
ference amplifiers will appear as loss or distortion of the
corresponding color, but note that both the blue and the red,
ov B-Y and R-Y stages, have some effect on green. If the
second video-amplifier section is defective, the picture will
lack detail and the coloring will be wrong with respect to
picture content. Of course, if the first video-amplifier section
is dead, no picture at all will appear.

Typical Demodulator Circuits

The most widely used demodulator, in all probability, is
the one shown in simplified form in Fig. 3. It appears in all
new RCA, G-E, and Admiral sets, as well as others. The
bandpass amplifier consists of a single stage, with tuned grid
and tuned plate to get maximum gain at the 3.58-me. color
subcarrier. Alighment of both tuned circuits is performed
with a sweep generator to produce a response curve like that
in Fig. 2.

If a generator that can sweep roughly between 3 and 5
me. with a center frequency of 3.58 mec. is not available, a
higher frequency sweep can be used. Signal swept from about
40 mc. to 50 mc. is injected at the if. section, to cover the
bandwidth of this part of the receiver. A signal at about
45.75 me., provided by a single-frequency r.f. generator, is
also added. When mixed, these signals produce a heterodyne
output at the bandpass amplifier that sweeps the desired
range. For specific connections, tuning sequence, and bias
arrangements, manufacturer’s data should be followed.
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Note that, in the circuit of Fig. 3, the color-killer bias
is applied at the grid of the bandpass amplifier while the
blanking signal goes to the cathode. The outpnt of the band-
pass amplifier goes to the control grids of the X and Z de-
modulators which are 6GY6 tubes, each having a separate
suppressor grid. The color-sync signals, in X and Z phase at
3.35-mc., come from the color-svne section and control the
gain of each 6GYG6 by driving the suppressor grids. At the
plate of the X demodulator, inverted R-Y signal appears; at
the Z demodulator plate, inverted B-Y is detected.

The LC filter at each demodulator plate keeps the 3.38-
mc. component from reaching the color-difference amplifiers,
which are essentially simple triode amplifiers with a few ad-
ditional features. All three cathodes are connected together,
which automaticallv supplies a portion of the red and blue
signal to the green amplifier. It also permits cutting oft
all three stages by the horizontal-blanking amplifier. In ad-
dition, the R-Y and B-Y stages contain some plate-to-grid
feedback and, in the case of the R-Y tube, some of the plate
signal is applied to the grid of the G-Y tube. This produces
the subtraction mentioned earlier. The common cathode
comection adds red and blue to the cathode of the green
stage, but the signal from the plate of the red stage applied to
the arid of the green tube is inverted and therefore sub-
tracted in the green stage. The RC uetwork in each differ-
ence-amplifier plate circuit is part of a voltage divider to
reduce the d.c. applied to the picture-tube grids.

The proper ratio among the three colors is determined
by the adjustment of the green and blue drive controls. This
is performed on a black-and-white picture to give the proper
shade of white because, if the color balance is correct in
the absence of color signals, the three electron guns should
add to give a good clear white.

A somewhat different version of the demodulator circuit
of Fig. 3 is the one shown in Fig. 4. This circuit is used in
some RCA models and in the Packard-Bell color sets. A guick
comparison shows that here two stages of bandpass amplifica-
tion are used. The number of tuning adjustments is the
same, however, since tuning of the output transformer for
the second stage is fixed. Alignment of the bandpass response
is the same as previously described. The color-killer bias
and the blanking signal are applied respectively to the grid
and cathode of the second stage.

The major difference between this and tlie previously
described circuit is in the X and Z deniodulator stages. The
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Fig. 4. Packard Bell's demodulator cir-
cuitry is similar to that in Fig. 3 in
principle, somewhat different in execution.

46

Z-PHASE
COLOR
SYNC

Packard-Bell circuit uses two triode stages, with the color
subcarrier applied to the grids and the color-svne signals
applied to the cathodes. This arrangement provides less am-
plification in the demodulator stage than the pentode civeuit
of Fig. 3, but the preceding two stages of bandpass ampli-
fiers compensate for it. The matrixing is done again in the
three color-difference amplifiers, whose cathodes are con-
nected together in the already described manner. Instead of
mixing R-Y plate signal at the green grid, the circuit of Fig.
4 mixes B-Y plate signal with green-plate signal.

All three picture-tube cathodes are tied together and
each of the three control grids is biased by a separate po-
tentiometer. In adjusting these controls, the procedure is
first to set the green and Dlue controls to cut-off and then
set the red control for a suitable brightness of that color
on a monochrome picture. Next, the other two controls are
adjusted for correct white balance on monochrome.

The Emerson and Dublont color sets use a demodulator
very similar to that shown in Fig. 4. The onlv differences are
in the bandpass amplifier, which is a single pentode stage,
and in the color-difference amplifier output. The three plate
circuits are connected together through a resistance network
and returned to a potentiometer that sets the d.c. bias for
all three CRT control grids. The cathodes of the color tube
are connected as shown in the circuit of Fig. 3.

An entirely different color-demodulator system is used by
Zenith. Here the functions of demodulating and matrixing
are combined in two special, shect-beam tubes, as shown in
Fig. 5. Two stages of bandpass amplification are used to
bring the color subcarrier up to the required amplitude.
Only two tuning adjustiments are required, since the tapped
coil in the second-stage output is fixed-tuned. The bandpass
response required here is shown in Fig. 6. The sharp ledge at
the left results from the use of a 4.5-mec. trap before the first
bandpass amplifier stage.

The demodulator itself produces the R-Y and B-Y differ-
ence signals directly without going through the X and Z sig-
nal steps. Color-sync signals are applied in push-pull fash-
ion to the two deflection plates of each 6JHS sheet-beam tube
in such a manner that the clectron stream from the cathode
is switched back and forth between the two plates at the
same 3.538-mc. sync frequency. If the color-syne signal is of
the correct phase, it will direct the electron beam to the
B-Y plate only during the appropriate phase interval. The
color subcarrier itself is applied to the grid of the R-Y stage
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Fig. 5. A pair of beam-switching tubes that eliminates the need for separate inversion distinguishes the Zenith system.

with a small phase difference as compared to B-Y due to the
tap on the output coil of the second bandpass amplifier.

This phase difference, together with the phasing of the
color-svine signals due to the center-tapped, dual-transformer
arrangement in the color-sync section, provides the proper
demodulating phase relationships. The synchronous switching
effect of the sheet-beam tubes takes care of the proper po-
larity of the detected information, with the signal at one
plate of each stage being opposite in polarity with respect
to the other. With the need for other inversion circuitry
climinated, only the task of matrixing remains.

One plate of the B-Y demodulator is resistance-coupled to
one plate of the R-Y stage. These two are combined to form
the green color-difference signal, which is applied to the
grid of the green gun in the CRT. The complementary or
opposite plate of each demodulator, B-Y and R-Y, corre-
spondingly feeds the blue and red CRT grids. Since the 3.58-
me. color subcarrier is still present at cach of the demodu-
lator plates, it must be removed. This is accomplished with
the three LC networks shown, each one connected between
the output to one of the CRT grids and ground. The addition
of the black-and-white or Y signal to the three color-differ-
ence signals is accomplished in the picture tube, with Y in-
formation being applied to all three cathodes. The method
used is actually similar to that in the circuit of Fig. 3.

Although the circuit used by Zenitl is quite different from
the roughly similar ones found in other designs, it is too
early to assess all advantages or disadvantages between
the two svstems. As far as tube-use savings go, there are two
special, sheet-beam tubes, on the one hand, as compared,
on the other, to five fairly conventional triode sections—
which are accounted for by two and a half tube envelopes.
There are certainly fewer circuit components in the Zenith
design, but alignment of the color-syne output stage seems
rather more complex. As to reliability, there has not yet been
sufficient service experience, particularly with respect to the
newer Zenith system, for dependable evaluation.

Conclusion

Whatever system is used, there are three hasic steps re-
quired to remove the color information from its subcarrier
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and present the appropriately detected signals to the color
CRT for display. The first step always involves amplification
of the 3.538-mec. subcarrier with the appropriate bandwidth,
and this is done in the same manner, by and large, in all de-
signs now available.

The second step basically involves the removal of color
information from the subcarrier by synchronous detection.
In all svstems, with the single exception of the circuit em-
ploved by Zenith, this is accomplished by first reconstruct-
ing the X and Z signals. Then, in the third and final step,
inversion of the signal and matrixing yield the color-differ-
ence signals for application to the CRT.

Although Zenith’s distinctive system is like the others in
the first step, it combines synchronous demodulation with in-
version in the second step, taking advantage of the proper-
ties of the dual-plate, sheet-beam tubes. Matrixing finally
occurs in the third step as the signal is being applied to
the picture tube.

Adjustment and troubleshooting details, as always, are
best achieved with reliance on the manufacturer’s instruc-
tions. However, a basic understanding of the circuits and
their functions is important before alignment or fault detec-
tion is attempted, even with such aids. Also, based on this
understanding, the logical steps that pertain to all circuits,
as well as the different ones that apply to circuit variations,
become clearer. A

Fig. 6. Normal bandpass-amplifier response for Fig. 5 circuit.
3.58 MC.

100%

80%
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VH . MARINE RADIOTELEPHON

By LEO G. SANDS / Hammarlund Mfg. Co.

For limited-range communications with far less noise and congestion than on
medium-frequency marine bands, a v.h.f. transmitter-receiver is recommended.

HILE the majority of boat owners put up with the

static and congestion in the 2-3-mc. medium-fre-

quency marine radio band, many have installed Cit-
izens Band equipment, but relatively few have switched to
the uncrowded, almost noise-free v.h.f. band. Hundreds of
Great Lakes vessels and commercial sea-going ships and-tugs
all over the world use M in the v.h.f. band for ship-to-shore
and ship-to-ship communications.

Channels Available

Eleven channels in the 152-174-mc. band have been allo-
cated on an international basis for marine communications.
There is an all-station Calling and Safety channel, 156.8 mnc.,

Lorain, Ohio station which communicates with Great Lakes ships.

Compact two-channel v.h.f. radiotelephone unit for marine use.

/,l,'!!"l!""l' i
I‘| ‘I”"”"‘

which is used for the same purposes as 2182 ke. in the
medinm-frequency band. For ship-to-ship communications,
156.3 mc. is available for use unvwhere in the world for
communications involving the vessel’s safety.

Some of the other channels are for such uses as communi-
cating with government shore stations to arrange for passage
through locks and waterways, port operations (dredging and
docking), and ship-to-ship business conversations. These
channels are generally used on a simplex basis, with trans-
mission and reception on the same channel.

[n addition, there are three pairs of channels for semi-
duplex operation (transmit and receive on different frequen-
cies), which are used for making telephone calls to shore
and other vessels out of direct v.h.f. range, tia public coast
stations. One pair of these public correspondence channels
is commonly used bv nearly all public coast stations, while
the other two pairs are intended for nuse when extra capacity
is required.

Communicating range in the v.h.f. band is generally
shorter than in the medium-frequency band, but there is
seldom anyv significant static, skip, or congestion. Ignition
noise problems are minimized since FM is used and this in-
herently discriminates against impulse-type noise.

Equipment Requirements

Equipment for the v.h.f. marine band is similar to v.h.f.
mobile radio equipment. In fact, regular vehicular mobile
radio equipment may be used on boats as long as it is FCC-
type-accepted for maritime service.

While all lund mobile FM radio systems must narrow down
frequency deviation from =15 ke. to =5 ke. by November
1963, marine v.h.f. systeins mav emplov -~15 ke, deviation
which ensures somewhat better transmission, all other fac-
tors remaining the same.

In addition to permanently installed v.h.f. equipment li-
censed as a Ship Station, portable FM transceivers (“walkie-
talkies”) may be used. These can be licensed as Marine
Utility Stations and can be used on board ship or ashore.

The transmitter frequency stability requirement. when
plate input power is less than 3 watts, is 0.01%, and trans-
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mitters up to 100 watts in power must hold frequency to
within 0.005% of the assigned channel. Land mobile stations
of more than 3 watts transmitting power must hold frequency
to a much tighter 0.0005%. The power limit of marine utility
stations is 10 watts.

It is desirable to have a multi-channel set which can trans-
mit and receive on at least two channels. The use of 156.8
me. for calling and distress messages is mandatory. The use
of 156.3 mc. for safety ship-to-ship communications is also
a must. A third channel mayv be for communicating with
shore stations for arranging passage through locks and water-
wavs, or for public correspoudence (telephone calls) through
a public coast station.

Channel selection is accomplished by pushing a button or
operating a selector switch on the control unit, which may
be anv one or more remote controls or integral with the
transmitter-receiver. Within the transmitter and receiver,
different crvstals or oscillators are selected when changing
operating chunnels.

The block diagram, Fig. 1, is that of a tyvpical v.h.f. trans-
mitter-receiver used on shipboard. The switches shown con-

necting the oscillators to the transmitter and receiver circuits
are generally relay contacts which are remotely controlled.
The recciver may employ one or two r.f. amplifier stages
ahead of the first mixer and several low-frequency if. ampli-
fier stages to provide the required sensitivity. The filter ahcad
of the low if. amplifier section provides the required sclec-
tivity.

Transmitters generally range in r.f. power output from 15
to 60 watts. The af. limiter automatically prevents frequency
deviation in excess of + 15 kc. and the low-pass filter atten-
uates audio frequencies above 3000 cps.

On small craft, the transmitter-receiver frequently has a
transistor-switching or vibrator-type power supply to permit
operation from a 12-volt battery. Standby battery drain is
tvpically under one ampere, if the receiver is transistorized,
and during transmission buttery drain is usually less than 20
amperes.

On larger craft equipped with a 32-volt or 110-volt d.c.
electrical svstem. an a.c. set is often used with a transistor,
vibrator, or rotary d.c.-to-a.c. inverter.

The remote-control unit may be  (Continued on page 78)

I ALL AREAS EXCEPT GREAT LAKES GREAT LAKES AREA ONLY
[ Frequency {mc.) Primary Communicate Available Primary Communicate | Available
Transmit Receive Purpose With To ‘ Purpose With To
‘ 156.3 156.3 Safety Ships All Vessels Safety Ships All Vessels
156.4 156.4 Business Shore Intra-Port Com- Business Shore Ferries
) mercial Vessels
156.5 156.5 Business Shore Intra-Port Com- Business Shore Commercial Vessels;
mercial Vessels Fishing Boats
[ 156.6 156.6 Port Shore All Vessels Docking Opera- Shore & Al Vessels
Operations tions; Navigation Tugboats
156.7 156.7 Radio Share All Vessels Safety; Passage Ships; All Vessels
! Location ) Through Locks Shore
{ 156.8 156.8 Calling All Stations All Vessels Calling All All Vessels
Stations
156.9 156.9 Operations Ships & Shore Pilot Vessels __ Business Shore Tugboats
157.0 157.0 Business Shore; Ships when Commercial Safety Ships Commercial
Operations more than 150 miles Vesseis Vessels
from nearest land .
157.3 161.9 Public Share All Vessels Pubtic Shore All Vessels
Correspondence Correspondence
157.35 161.95 Public Shore All Vessels Public Shore All Vessels
| Correspondence Correspondence
157.4 162.0 Public Shore All Vessels Public Shore All Vessels
Correspondence Correspondence
Table 1. Listing of the v.h.f. frequencies that are available for marine use.
Fig. 1. Simplified block diagram of a typical marine v.h.f. transmitter-receiver. Typical speaker and remote-control unit.
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Fig. 1. Basic curves of the a.c. nega-
tive-resistance devices discussed below.

C. NEGATIVE-RESISTANCE
EV[CES / Description of ferroresonators, nonlinear-type

capacitors,
By RUFUS P. TURNER

HE author’s earlier article on negative resistance was

devoted to direct-current devices.! However, that ar-

ticle stated in conclusion that certain a.c. devices also
exhibit the property of negative resistance, or negative imped-
ance. This article describes devices of this type.

For simplicity’s sake, throughout this article the term “neg-
ative resistance” will be used in a generic sense. But the
reader will recognize that the negative quantity may be im-
pedance or reactance, rather than resistance.

Such a.c. negative-resistance devices are not nearly as nu-
merous as the d.c. devices, but we may reasonably expect
additions to the family as research and development continue.
The external manifestations of a negative characteristic are
substantially the same in a.c. and d.c. devices, that is, the
conduction curve has a negative slope over some part of it.
In one instance, current will be the independent variable; in
another, voltage will be. Thus in Fig. 1A, current is the inde-
pendent variable. As the a.c. current is continuously increased,
the a.c. voltage drop across the device first increases from 0 to
A and then decreases (showing a negative resistance) from A
to B. In Fig. 1B, voltage is the independent variable. As the
applied a.c. voltage is continuously increased, the a.c. current
flowing through the device first increases from 0 to A, and
then decreases (showing negative resistance) from A to B.

The following sections describe the action of devices which
exhibit one or the other of these conduction characteristics.

Ferroresonator

The ferroresonator (also called “ferroresonant circuit,” sat-
urable-reactor switch,” and “ferristor”) is a special type of
series-resonant LC circuit. It really is quite simple, consisting
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semiconductor capacitors, and other smular components.

only of a coil and capacitor connected in series (see Fig, 2A).
The capacitor is a conventional one but the coil is not. The
special feature of the coil is its core which saturates readilv.
Because of core saturation, the inductance and reactance of
the coil decreases as the current is increased. An ordinary
iron-core filter choke will exhibit saturation and a resulting
decrease in inductance if current is raised high enough, but
this usually requires a rather large current at power-line tre-
quencies. A ferroresonator coil intended for operation be-
tween 100 ke. and several megacycles, however, is wound on
a tiny, thin core of high-permeability metal and will saturate
on only a few milliamperes.

The LC combination resonates at a frequency, f., deter-
mined by the inductance and capacitance values. (Resonant
frequency f-=1/(6.28V LC). Capacitance C is constant, hut
inductance L varies with the current, I, flowing through the
circuit, so the resonant frequency changes with current. (As
I increases, L decreases, and f increases.) This is the basis of
terroresonator operation.

Fig. 2B shows a typical ferroresonant circuit. Here resist-
ance R is non-inductive. The gencrator provides an adjustable
a.c. output voltage. By adjusting the voltage, the operator
varies current I flowing through R, L, C in series. The voltage
(E.+) across the LC combination is measured with a high-
impedance a.c. vacuum-tube voltmeter. Fig. 2C shows circuit
response. As the current is steadily increased, voltage E.c
rises to a peak (point A), then decreases to a valley (point
B), and finally rises again to C and beyond. Thus, AB is a
negative-resistance region bounded by two positive-resistance
regions (0A and BC). This is a typical negative-resistance
curve.

The circuit behavior may be explained in the following
manner. (1) The L and C values ure selected to give a reso-
nant frequency somewhat lower than the gencrator frequency.
Increasing the current decreases inductance L and tunes the
circuit up to the generator frequency and finally to some still
higher frequency. (2) As I is increased from zero, E.c rises
and would continue to do so if the core of the coil did not
begin to saturate. Saturation (starting at point A in Fig. 2C)
lowers the inductance and tunes the circuit toward resonance
at the generator frequency. (3) At generator resonance, the
net reactance of the LC combination is theoretically zero,
therefore E.c is theoretically zero. As resonance is ap-
proached, E.c accordingly decreases. At resonance (point B),
L.ic does not drop fully to zero because resistance losses re-
main to act in the circuit after resonant cancellation of the
reactance. (4) As I is increased further, core saturation in-
creases, inductance lowers still nore, and the circuit is
tuned to a frequency higher than the resonant frequency.
Thus, the voltage once more rises—in this case from B to C.
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Tiny r.f. ferroresonators have been used as active elements
in flip-flops, electronic counters, gates, and other computer-
type devices.2:34 They also have been employed as magnetic
amplifiers at audio frequencies. In these particular units, C
usually is a fairly small mica capacitor, while L is a coil that
has been wound on a core of Permalloy foil.

Nonlinear Capecitor Element

Fig. 3A shows a series-resonant negative-resistance circuit
which resembles the ferroresonant circuit described in the
preceding section but hehaves somewhat differently. This
arrangement uses u conventional air-core coil and a nonlinear
(voltage-variable) capacitor. Suitable capacitors of this type
contain a high-K ceramic dielectric, such as specially proc-
essed single-crystal barium titanate. As the voltage applied
to the capacitor is increased, the capacitance decreases.

As in the standard ferroresonant circuit, the L and C valies
in Fig. 3B are selected so that the zero-voltage resonant fre-
quency of the circuit is lower than the generator frequency.
As the voltage is increased, the current rises from zero to a
peak point (A in Fig. 3C). As the voltage is increased further,
the current decreases. Thus, the current-voltage curve has a
negative slope from A to B.

Behavior of the circuit may be explained in this mauner.
(1) The increasing voltage lowers the capacitance and tunes
the LC circuit np toward the resonant frequency (generator).
The current increases because increasing capacitive reactance
causes the net reactance of the cirenit to decrease. (2) At
resonance with the generator, the net reactance is theoret-
ically zero, and maximum current flows. This corresponds to
point A in Fig. 3C. (3) As the voltage is increased bevond
this point, the circuit is tuned to frequencies higher than reso-
nance. The capacitance continues to fall but the net reactance
of the circuit increases, so the current decreases. This is rep-
resented by the negative slope, AB.

Semiconductor Capacitor Circuit

A ceramic nonlinear capacitor, such as C in Fig. 3, usually
requires relatively high-voltage operation for appreciable
capacitance change. Furthermore, such capacitors are quite
temperature-sensitive because of the Curie point of the dielec-
tric material. To obtain low-voltage operation (from a few
tenths of a volt to 1 to 6 volts rm.s.) and at the same time to
secure comparative freedom from temperature cftects, semi-
conductor voltage-variable capacitors may be substituted in
the circuit, as shown in Fig. 4. Response is the same as that
shown in Fig. 3C.

In Fig. 4, the semiconductor voltage-variable capacitor
(also known as Varicap, varactor, Semicap, etc.) is d.c.-biased
in a reverse direction to set its initial capacitance to a desired
valne and to prevent positive peaks of the maximumn r.f. volt-
age from driving the semiconductor junction into the low-
resistance forward direction. C1 is a blocking capacitor to
keep d.c. out of the current meter and generator. As in the
preceding example, values of L and C2 are chosen for zero-
signal resonance below the generator frequency. Because the
capacitance of C1 is very high with respect to that of C2, it
has negligible effect on circuit tuning.

Nonlinear Parallei-Resonant Circuit

It is well known that the current in the line supplying a
parallel-resonant circuit dips to a low value when the circuit
is tuned to resonance at the generator frequency. If a voltage-
tuned element is included in the parallel-resonant circuit, the
circuit will then resonate at only one value of input voltage.
The line current will then decrease at this voltage level, show-
ing a negative slope.

Fig. 5A shows a circuit for displaying this negative-resist-
ance effect. The parallel-resonant circuit is composed of air-
core coil (L)Yand a 56 pf. (waf.) Varicap semiconductor
voltage-variable capacitor (C2). C1 is a blocking capacitor
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(.003 to .01 «f.) whose capacitance is so high with respect
to C2 that only the latter determines the circuit tuning. The
values of L and C2 are chosen such that the zero-signal-volt-
age resonant frequency of the circuit is somewhat lower than
the generator frequency. As the generator voltage (Er.r.) is
increased, the current (Ix.r.) increases from zero to point A
in Fig. 5B. The increasing voltage reduces the capacitance
of C2. At the particular level of signal voltage, the correspond-
ing C2 value tunes the circuit to resonance at the generator
frequency, and the line current dips to point B. As the voltage
is increased further, the capacitance decreases still more,
tuning the circuit above resonance, and the current again
rises to point C and beyond. Along the negative slope, AB,
the current is decreasing as voltage is increasing.

For best results, the generator frequency should not be

1 7 £ :
& NONLINEAR R.F. c—l—
CAPACITOR | CURRENT
o
R.F. INPUT 3
LS aR-core @ RF P
l[ coiL GENERATOR L
h]
(A} (8}

Fig. 3. (A) Basic circuit arrangement us-
T ing a nonlinear capacitor. (B) Test cir-
cuit showing operation of the nonlinear
efement. (C) Response of the fest circuit.

(c)

lower than 20 mc. The higher the frequency, the more pro-
nounced is the negative-resistance effect.

Diodes at Higher Frequencies

At high radio frequencies, the combined action of nonlinear
capacitance and a.c. rectification provided by the semicon-
ductor voltage-variable capacitor gives rise to an a.c. nega-
tive-resistance effect (as well as to hysteresis, in some cases).

Heizman has described a microwave setup in which the
capacitor diode is operated in a tunable waveguide.5 The
negative resistance and hvsteresis obtained with this arrange-
ment have been utilized for switching at microwave frequen-
cies. The response curve is similar to those of Figs. 1B and 3C.

The conventional point-contact germanium diode has been
known to exhibit negative resistance at very high frequencies.

(Continued on page 62)
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Fig. 4. Alternative circuit with a semiconductor capacitor.

Fig. 5. Parallel resonance with a nonlinear circuit element.
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THE OPERATIONAL AMPLIFIER

By JACK E. FRECKER / Applied Research Lab., University of Arizona

PART 1/

These circuits are widelv emploved in industrial test equipment and analog

computers. Theory of amphfier along with design and construction of a unit are covered.

HE operational amplifier was originally invented to

I perform precise mathematical operations in electronic

analog computers. Yet some of its most fascinating
uses are in other than computing applications. How would
vou like one device that could be used, simply by connecting
a few external parts, as an amplifier, an oscillator, a voltmeter
calibrator, a regulated power supply, a precision oscilloscope
sweep generator, a capacitance bridge, and even as an
analog computer. This is the operational amplifier.

Its uses are literally unlimited. The sheer act of building
and using operational amplifiers could no doubt cause the
reader to discover some new applications, This article will
acquaint the reader with the operational amplifier, show the
design and construction of a two-amplifier unit, and describe
in detail several representative uses of sume.

Basie Concepts

Just what is the operational amplifier? How is it different
from any other amplifier? First of all, it is a feedback ampli-

100K IMEG, IMEG. | MEG, +
-
z { 3
O
(o, * I g O
(B)
= 10 MEG. | MEG. IMEG 10 MEG. +
150 OTWWW——WWW— MWW MW—0 50v,
3
(o] |pl f .Ol)lpl. q
+I5V. =15V, j:
I
(©
Fig. 1. (A) Typical use for operational amplifier. (B) An

avdio phase inverter with a gain of 10. (C) Method of using
operational amplifiers as an extremely well-regulated supply.

fier for which the user supplies the feedback components.
These components, incidentally, may be resistive. reactive, or
non-linear. It is capable of any amount of feedback. One
usage that will be described later involves reducing the am-
plifier open-loop gain (guain without feedback) from several
million to a gain of 1/10 by means of feedback. An ordinary
audio amplifier would break into oscillation or motorboating
if this were tried. Such operation is possible with an opera-
tional amplifier because of two of its characteristics, It is di-
rect coupled (this makes motorboating impossible), and its
gain is rolled off to less than unity before the necessary
phase shift to sustain oscillations takes place. Second, its
characteristics are determined to the greatest degree possible
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OPEN-LOOP GAIN

by the feedback components. If vou have ever tried to calcu-
late teedback components for an ordinary amplifier vou will
know that amplifier gain, output impedance, and various
stability criteria enter into the calculations. For the opera-
tional amplifier the calculations simply involve the ratio of
two external impedances.

Basically, the operational amplifier is a direct-coupled am-
plifier, and with the input grounded the output is at zero
volts d.c. in respect to ground. Its guin is exceedingly high,
1000 to 13,000 being typical for simple devices and gains to
one billion being found in laboratory unmits. Its output im-
pedance is quite low by nature und, with feedback, it is
further reduced to where it becomes negligible,

A typical application is that of Fig. 1A. An amplifier with
a gain of —10,000 is shown tor illustration, the minus sign
denoting a phase inversion between the input, point A, and
the output, point C. The external feedback components are
resistors R., and R,. With the + l-volt batterv connected to
the input, the output will start to go highly negative. This
output will be ted buck to the summing junction, point B, in
a degenerative manner, tending to prevent the output from
going negative, The circuit will reach a state of equilibrium
with the output at about — 100 volts, which is — 100 times
the input voltage, or equal to the ratio — R;/R:.. It can be
shown that if the amplifier open-loop gain were infinite the
svstem gain would simply be —R;/R:.. And it can also be
shown that if the amplifier gain were only (= R//R..) x 100,
the system gain would be within one per-cent of the ratio

Fig. 2. Plot of amplifier gain vs frequency is close to ideal.
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RI—100.000 ohm “Zere” pot C1—-.01 uf.. 500 v. ceramic capacitor
(O hmite CU-1041) C2.C4—6.8 pf.. 500 v. ceramic capacitor
R2,R6—390.000 ohm, Vs w. res., * 109% RY.RIZ—750.000 ohm, V4 w. res., = 10% C3 22 pf.. 400 v. mica ra/rurilm' )
R3I---220000 eohm. 1 w. res., = 5% RIO—10.000 ohm, Vy w. res., = 109, P‘l,l._I’L.?.PI,J.I’L4.I’I.5- -NE-2 neon pilot light
R4-91.000 ohm, I w. res., = 59 RII—2.2 megohm. Vi w. res.. = 10% PIV2 -6AU6 or 6136 tube
R5 47,000 ahim. I w. res., = §9 RI2—-200.000 ohm. I w. res., = 109 V3 6US8 tube
R7—8§ meg “Regen’ pot (Ohmire CLU-5052) RIH—910.000 ohm, V3 w. res.. = 5% 10——Red binding posts
RS, RIS—3.9 megohm, V4 w. res.. = 10% RIGRIT—I30.000 ohm, 2 w. res., = 5§ 10— Black binding posts

Fig. 3. Schematic diagram of one of two identical operational amplifiers that are employed in the author's design.

—R(/Ri,. Similarly, if the output impedance of the amplifier
without feedback were about 500 ohms and the gain reduced
by a factor of 100 by feedback, the output impedance would
also be reduced by more thar a factor of 100, to less than five
ohims. By the same token, amplifier noise and distortion are
reduced by similar amounts.

Another point to remember about the operational ampli-
fier is the nature of the summing junction, point B of Fig. 1A.
With +1 volt at the input, point A, and — 100 volts at the
output, the voltage at the summing junction will be —100/

10,000 or .01 volt. This point behaves as a very low re-
sistance to ground, and since it does so we can define the
input impedance to the svstem as simply the value of Rin,
or 10,000 ohms in Fig. 1A.

Figs. 1B and 1C are very practical applications of the
above principles and both zre possible with the unit to be
described. Fig. 1B is an audio phase inverter with a gain of
10. The first amplifier provides a gain of 10 and furnishes
the negative or inverted output. It also drives the second
amplifier which is connected as a unity-gain inverter. This
amplifier re-inverts the first amplifier’s output to provide a
positive or non-inverted output, The circuit is useful for
driving audio power amplifiers. It could provide a halanced
low-impedance output for a single-ended audio generator, or
it could drive the deflection plates of an oscilloscope which
has no d.c. amplifier.

Fig. 1C is an extremely well-regulated electronic power
supply which furnishes plus and minus 15 volts at 4 ma. each
for experimental transistor circuits. The first amplifier ampli-
fies the — 150-volt reference source by — (1/10) to provide

15 volts. The second amplifier amplifies the + 150-volt ref-
erence source hy — (1/10) to provide 15 volts. The two
capacitors provide u.c. feedback which is emploved in order
to give the circuit 1 very lew output impedance.

Two-Amplifier Unit

After much planning and experimenting, it was decided
to design and construct twe operational amplifiers within a
single housing, thei power supply, a 6BJ7 triple diode for
auxiliary functions requiring diodes, and plus and minus 150.
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volt reference voltages. Two amplifiers are far more useful
than one, but three would have complicated the power-
supplv requirements and made the unit quite costly.

The requirements of an operational amplifier are that with
the inputs grounded, the output should be at zero volts d.c.
with respect to ground; that the gain be quite high; and that
the output impedance without feedback be fairly low. In ad-
dition, the nnit must be direct coupled and its open-loop gain
must be rolled off to less than unity before unwanted amplifier
phase shift reaches 180 degrees. These last two requirements
make it possible to use any amount of feedback without
danger of oscillation. Another requirement is that d.c. drift
be quite low.

The following discussion of amplifier No. 1 (see Fig. 3),
composed of V1, V2, and V3, also applies to amplifier No. 2
which is identical.

In the circuit, VI and V2 comprise a differential amplifier.
(Such an amplifier consists of a cathode-coupled pair with
output taken at the sccond stage. It takes its name from the

Front-panel view showing all interconnecting binding posts.
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NOTE: v4,V5,V6 ARE USED IN AMPLIFIER o 2
NOT SHOWN SCHEMATICALLY
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R223
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26" S\sov. T0 AMPL.
RIS RIV.R20,R21--2.7 megohm, Vi w.

res.. = 10¢
R22 R27—+470,000 ohm, I w. res.,
= 107 SKISR2.SR3.SR{—INI691 rectifier
R23.R24—-2000 ohm, 5 w. res. or equiv.
R25--3000 ohm, § w. res. SI-—D.p.d.t. toggle switch
R26—+4000 ohm, § w. res. T1-—Power trans. 340-0-3/0 v. @ 70
C5—135 pf., 350 v. elec. capacitor ma., § v. @ 2 a., 63 v. @ 2.5
C6-—8 puf.. 450 v. elec. capucitor a. (Stancor PC-8408 or cquiv.)
C7—60760 uf., 430 v. elec. capacitor V7—6BJ7 tube V&—3Y3 tube
PL6—#47 pilot light and holder VoVIOVII-—0D3 tube
Fig. 4. Single power supply used for both operational amplifiers.

—300V. TO AMPL.

Top view showing the two-chassis construction vsed by author.

fact that with inputs applied to both grids simultaneously, the
output responds approximately to the difference between the
two input signals.) This circuit is invariably used as the first
stage of an operational amplifier because any change in heater
voltage, the major cause of drift, will affect both tubes in
an equal and opposite fashion, tending to cancel out the
effect of drift. In addition, the existence of a differential
input permits manv applications of the unit which would not
otherwise be possible.

The amplifier has two inputs. The grid of V1 is the primary
input. There is phase inversion between this input and the
output. This input is the upper one used in all the diagrams.
The grid of V2 is the secondary input and is the lower oue in
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the drawings. There is no phase inversion between this input
and the output,

V2 could have been coupled to V3A by means of a 2.2-
megohm resistor from V2 plate to V3A grid, and then another
2.2-megohm resistor from this grid to —150 volts. However,
this would have resulted in 6-db attenuation of the signal.
A better way is the use of neon lamps. Neon lanmips work much
like gas regulator tubes; that is, the d.c. voltage drop across
them remains nearly constant with a fairly wide variation of
current flow through them. The plate voltage of V2 is about
+160 volts. This is dropped 53 volts by PL1, 50 volts by R9,
and 55 volts by PL2. Anv amplified signal at the V2 plate will
be coupled without loss by PL1 and L2 and will be attenu-
ated only slightlv by R9. R11 provides the current to keep
the lamps lit, about 70 pa.

R1 is the amplifier zero-adjust control. Bv varying the
screen voltage of V1, R1 adjusts the d.c. operating point of
the amplifier and is used to set the amplifier output to zero
volts d.c. with both inputs grounded.

V34 is a d.c. amplifier with a gain of —200. R10 limits the
screen current ol this tube to a value safe for the tube under
amplifier overloud conditions. This stage drives cathode-fol-
lower V3B which has an output impedance of about 400
ohms. The neon light at the output terminal glows when the
output goes plus or minus 70 volts and indicates an overload.

R7 and RS are connected from the output to the screen of
V2 and provide positive feedback to increase the amplifier
gain from about 15,000 to a value approaching infinity at
d.c. C3 provides negative feedbuck in V3A at frequencies
above d.c. and is used to reduce amplifier gain, at a rate of
6 db per octave, to less than unity before a total of 180 de-
grees additional phase shift in both stages takes place. As this
capacitor is for all practical purposes connected from plate
to grid instead of plate to ground its effective capacity is
multiplied by the gain of the stage. Its value was selected
by trial and error and is jnct large enough to give the ampli-
fier a damping factor of .5 to a square-wave input. A plot of
amplifier gain versus flcquency is  (Continued on page 84)
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Fig. 5. (A) Connections used fo check for reduced line-voltage
operation. (B} Setup to check for distortionless wnity gain.

Bottom-chassis view of amplifier. Note use of terminal board.
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-SERVICE TECHNICIANS ENGINEERS, TEST LABS SAY .

Here itis. ..

Designed for t1e present
ard far into the future.
Tests ali of your pres-
erttubes plusihe 1ew
RCA Nuvistors and
Novars, GE Caompactrons
ard Sylvania

1C pin tubes.

A complete tube tester that is smaller than a portable type-
writer yet outperfoerms testars costing hundreds of dollars.
A real money maker for the serviceman and a trusty com-
panion for engineers, maintenance men and experimenters.

Even though the Mighty Mite weighs less than 8 pounds,
new circuity by Sencore c¢nables you to use a meter to
check grid leakage as high as 100 megohms and gas condi-
tions that cause as little as one half microamp of grid cur-
rent to flow. Then too, it checks for emission at operating
levels and shorts or leakage up to 120,000 ohms between all
elements. This analytical “stethoscope” approach finds
troublesome tubes even when large mutual conductance
testers fail. And it does all this by merely setting four con-
trols labeled A, B, C, & D.

Check these plus Sencore features: New, stick-proof
D’Arsonval Meter will net burn out even with a shorted
tube e Meter glows in dark for easy reading bekind TV set.

. THE POPULAR MIGHTY MITE IS

,be Besf T be Checker fhey ever used.”

Finds “em Fast!
Checks ‘en All!

e New large Spcedy Set-Up Tube Chart in cover, cuts set-up
time ® Rugged, all-steel carrying case and easy grip handle
o Smallest complete tester made, less than one foct square.
e The Mighty Mite will test every standard radioc and TV
tube that you encounter, nearly 2000 in all, including foreign,
five star, auto radio tubes (without damage) plus the new
GE Compactrons, RCA Nuvistors and Novars and Sylvania
10 pin tubes.

Mighty Mite also has larger, easy-to-read type in the set-
up booklet to insure faster testing. Why don’t you join the
thousands of servicemen, engineers, and technicians who
now own a Mighty Mite tube tester? Tube substitution is
becoming impossible and costly with nearly 2000 tubes in
use today. Ask your authorized Sencore Distributor for the
New Improved Mighty Mite. Size: 10¥4" x 914" x 312",

Wit. 8§ Ibs.
MODEL TCt14 Dealer Net $7450

Sencore Sam says . . \ y
"They all agree . . . the Mighty Mite _'@'
is the real answer for the mon on the go.”

SENCORE sosoniumos
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; ‘ Mac and Barney discuss the frequency, amplitude, dangers, and
S .
. control of random voltage surges as a storm rages outside.

Taming Transients

T was a hot, muggy, July afternoon. Even before lunch
Mac and Barney had noticed characteristic lightning-
caused flashing on the screens of the TV sets on which

they were working, and now at one-thirty the sun disappeared
behind dark anvil-shaped clouds towering in the southwest
and the earth shook with the growl of distant thunder.

“That does it,” Mac said as he pulled the big switch that
completely disconnected all test equipment and service bench
outlets from the line. “I know this will probably break your
industrious heart, but we’ll tuke a break until the thunder-
storim passes. Lightning-induced voltage surges are not going
to get my serviee equipment, me, or my valued assistant if
I can help it.”

“Gee, thanks!” Barney retorted as he tilted his stool on two
legs so that his back could rest against the wall; “I notice you
listed things in the order of their importance.”

“Yes, how about that?” Mac said with a teasing grin. “You
know I've always been a little hipped on the subject of how
lightning damage can ruin clectronic equipment, and I'm
even more so after reading a short article that appeared in the
March, 1963, issue of ‘Newsletter,” published by the Rectifier
Components Department of General Electric.”

“You don’t need to sell me on the danger,” Barney sniffed.
“I've seen too many radio and TV sets on the bench that had
been clobbered by lightning that ‘came in” over the owners’
light lines. That stuff sure is freakish. Sometimes it skips all
over a set blowing tubes, burning out coils, breaking down
the insulation of transformers, and even fusing the plates of
a tuning capacitor together. Again it only pops the line bypass
capacitors, but what a job it does on those! I've seen dozens
of cases in which all that’s left of the line bypass is the two
wire leads with little disks on the end that originally connect-
ed to the foil. The capacitor itself is entirely gone except for
a few shreds of foil and paper splattered against the flame-
smoked chassis. Those surges must really pack some voltage.”

“That’s prettv evident, and T've always wondered just low
much voltage, but [ never had equipment suitable for measur-
ing the amplitude and duration of the surges. The bovs at
G-E’s Advance Technology Laboratories in Schenectady ap-
parently got to wondering, too, and they had the equipment.
Their transient measuring set-up used a T'ektronic automatic
oscilloscope and a Beattie & Coleman automatic camera.
Every time a transient came along it was displayed on the
scope and its picture was automatically taken to indicate the
peak-to-peak voltage amplitude and the duration. With this
kind of equipment set up in various locations in two different
states, 8000 hours of testing time was logged at the time the
article was written. The tests are still going on.”

Mac stopped speaking, and the thunderstorm hit with roar-
ing wind and sheets of rain splashing against the windows.
The thunder was almost continuous.

“You say the equipment was set up in ‘various locations.’
What kind of locations?” Barney wanted to know.

“All the tests were made across 120-volt lines, but since
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voltage surges are produced by a wide variety of causes,
varving all the way from bolts of lightning striking near the
lines to different types of electrical apparatus being connected
to and disconnected from the lines, it was decided to monitor
a number of locations in order to photograph a wide range
of transients, To this end the equipment was set up in seven
private homes, two hospitals, one hotel, one motel, and one
department store. Results showed the wisdom of this deploy-
ment, for some locations had considerably more and higher
transients than did others. Equipment that probably would
have operated without injury on some of the lines would very
likely have suffered transient damage on other lines.”

“What was the highest voltage surge measured?”

Before Muac could answer, there was a terrific flash of
lightning accompanied by a sharp snapping sound followed
almost immediately by a crash of thunder. The lights in the
shop flickered momentarily.

“Whew! That was a close one!” Mac said as the unmistak-
able odor of ozone came in the open door. “I think it was
trying to answer your question, for the highest transient meas-
ured on a 120-volt line was one that reached 3740 volts
peak-to-peak, and this occurred in a Florida home during a
lightning storm. That’s the kind of surge that pops those line
capacitors vou were talking about. A voltage of that order
can easily hop across the closely spaced contacts of an open
line switch in a radio or TV receiver; so just tuming the set off
during a thunderstorm is no insurance against lightning dam-
age. Pulling the plug during the storm is the only way to be
sure lightning can’t get at the set via the power line.”

“I'll buy that,” Barney agreed emphatically. “I keep all
the plugs of my ham equipment pulled when the station is
not in use, especially during the thunderstorm months. More
than one of my ham acquaintances has had his entire station
wrecked by a single bolt of lightning that struck near the
power line feeding the station. While most hams are not stu-
pid enough to operate during a thunderstorm and are careful
to ground the transmitting and receiving antennas, a lot of
them leave the back door ungnarded, so to speak, and forget
that lichtning damage is much more likely to arrive via the
power lines than it is to come in over the antenna. What else
did the G-E boys learn from their surge survey?”

“Well, they found relatively frequent transients occur up
to 1600 volts, but the most common ones fall in the 5300-600
volt bracket. Most of the voltage surges last less than fifty
microseconds.”

“Offhand I'd say the presence of these voltage surges on the
line is a more serious threat to modern semiconductor appa-
ratus operating from the line than it is to vacuum-tube appa-
ratus,” Barney suggested. “Take for instance two radios that
use the same tube line-up except for the rectifier. One uses a
half-wave vacuum-tube rectifier and the other uses a ger-
manium or silicon diode. Both rectifiers are fed directly from
the line so that any transient appearing on the line appears
across the rectifier. I've got a hunch the semiconductor would
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The amateur, experimenter, and hobbyist will discover
a new and easier way to build a wide variety of com-
munication and electronic gear with International
AOC units . . . individually wired oscillators, pre-
amplifiers, detectors, etc., each tested and mounted
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—89.50 per unit. $15 for UV combinations. Ab-
solutely no additional, hidden charge for ANY
parts, except tubes. You pay shipping costs. Re-
placements on tuners beyond practical repair are
available at low cost.

When inquiring about repair service, always
give TV make, chassis and Model number. Tuners
repaired on approved, open accounts. Check with
your local distributor for Sarkes Tarzian replace-
ment tuncers, replacement parts, or repair service.
Sec your distributor, or use the address ncarest
you for fast factory repair service:

SARKES TARZIAN, INC.

537 South Walnut Street 10654 Magnolia Blvd.,
Bloomington, Indiana North Hollywood, Calif,
Tel: 332-6055 Tel: 769-2720
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I be more likely to suffer damage than

would the tube.”
“Speuking of ordinary semiconductor
rectifiers, I'd go along with your hunch,”

| Mac agreed. “The reason semiconduc-

tor diodes are sensitive to transient dam-
age is not too hurd to grasp. While a
tvpical 12-ampere silicon rectifier of the
conventional type can mowmentarilv dis-
sipate 1000 watts of heat in the forward
conduction direction of current, it will
be permanently damaged by only a few
watts of power dissipation in the reverse
or blocking direction.”

“How come?”

“In the forward direction the current
and its attendant heat losses spread out
uniformly over the entire silicon junction
area, allowing the rectifier to take max-
imum advantage of its cooling mecha-
nism and heat capacity. However, under
the influence of cven a brief voltage
transient, the rectifier leakage current
driven by a momentary high blocking
voltage peak will find some tiny flaw
or weakness in the junction at which to
concentrate. Such weak spots usually
occur at the junction surface where the
rectifving junction emerges from the
silicon pellet. At these microscopic spots
a fraction of a watt of concentrated heat
may be enough to destroy the blocking
properties of the rectifier, no matter how
big it is.”

“I notice vou keep saying ‘ordinary
semiconductor rectifiers.” Is there an-
other kind not so easily damaged by
voltage surges?”

“Yes. The controlled avalanche sili-
con rectifier, such as G-E’s Model Z]-
218, can dissipate about as much heat
in its reverse as in its forward direction.
This is accomplished by making the
high reverse energy dissipation take
place in the avalanche breakdown, or
zener, region of the diode characteristic.
You know this zener behavior charac-
teristic of a silicon diode permits it to
be used as a voltage regulator. As long
as vou stay within the thermal limita-
tions of a zener diode, it will maintain
virtually constant voltage across itself
regardless of the avalanche current
throngh it. No damage will result from
true avalanche action to a diode with
a uniform junction.

“A rectifier diode with uniform ava-
lanche breakdown taking place at a
voltage below that at which local di-
electric surface breakdown occurs can
dissipate hundreds of times more re-
verse energv caused by transient high
voltage than one in which the surface
breakdown point is reached before ava-
lanche current starts. Once the ava-
lanche current begins, it holds the volt-
age down so the level where surface
damage to the rectifier might occur is
never reached. Such a device has its
own ‘built-in” transient voltage sup-
pressor.”

“How do vou go about muking a con-
trolled avalanche silicon rectifier?”

“There are two important steps: 1.
You control tlie geometry of the junc-
tion surface very preciselv to rednce the
voltage gradient at that swface and
make it capable of supporting high
voltage. 2. You carefully control the
impurity concentration determining
voltage at which avalanche occurs so
that avalanche alwavs begins helow the
voltage where surface damage might
be encountered.

“Is such a rectifier similar in other
ways to an ordinary silicon diode?”

“Generally speaking, ves. The
CASR’s big advantage lies in its ability
to cope with high reverse currents. Its
forward current handling ability is very
similar to that of a conventional diode.
However, the high degree of surface
stability should pav off in increased
reliability. Also CASR’s can be operated
in long series strings at very high volt-
age without the use of voltage equaliz-
ing resistors, since each cell can be
operated in its avalunche region without
damage. Voltage safety factors can be
greatly reduced. Instead of the usual
2:1 or 3:1 safety factor between rectifier
peak reverse voltage and steady-state
line peaks, CASR’s can often be applied
with little or no safety factor. A 1200-
volt p.r.v. CASR can be used instead
of a 2000-3000 p.r.v. conventional rec-
tifier.”

“Sure sounds like they’d be a natural
for use in the high-voltage power sup-
plies for table-top kilowatt linear am-
plifiers now becoming so popular with
SSB hams,” Barney said, cocking one
ear to the sound of the storm. “Sounds
like it’s coming Dback,” he observed,
settling comfortably back against the
wall.

“I just was thinking we could be
working on that stack of transistor
radios with the v.o.ns without any
danger of the big, bad lightning getting
to us,” Mac said, standing up. “On your
feet, Buster!”

“Your trouble is vou think too much,”
Barney answered disgustedly. A
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__Winegards 2-Nuvistor
Coloriron Antenna Amplifiers

Take your choice of Winegard's 2-nuvistor Colortron or single-
transistor Red Head antenna amplifiers — both grent — beth trouble-free!
Both work with any TV or FM antenna. Here's th2 story!

COLORTRON ANTENNA AMPLIFIER . . . ONLY $39.95 o
SXCELLENT FOR COLOR « WON'T OVERLOAD ¢ TAKES
NP TO 400,000 MICROVOLTS OF SIGNAL

FINEST ANTENNA AMPLIFIEF. MADE

. Becauss the COLORTRON amplifier
takes up to 4(+0,000 microvolts of sighal input,
strong local signals wwon’t overload =nd cause
interference cn distam fringe stations. It takes
20 times more signal mput than any -ransistor
antenna amp ifier and without compromising
178 ultra low noise abi ity to pull wezk signals
cut of the snow,

A special “lifesaver” circuit gives the 2 nuvis-
tors an expected life of 5 to 8 years. It’s the
only amplifier that’s completely weather-proof
—nothing exposed, even terminals are pro-
tected. Install it and forget it! Fits any TV or
FM antenna.

Colortron Amplifiers are Available in 2 Models for TV

FORTV—Model AP-200N—twinnuvistor, takes
up to 400,000 microvolts, input 300 ohm,
output 300 ohm, $:9.95 list.

FOR TV—Mbadel AP-275, twin nuvistor, takes
up to 40C,000 mic-ovolts, input 300 ohm,
output 75 ohr, $44.95 list.

RED NEAD TRANSISTOR MOCEL .. .ONLY $29.95 ¢
FOR COLOR AND BLACK & WHITE ¢ MOST RELIABLE
TRANSISTOR ANTEWYA AWPLIGIER EVER MADE.

With the Red H=ad, you won't have transistor
“pop-out” becanse >f i:s special advanced
circuit that protects against lightning flashes,
precipitation static and pewer line surges.
Has high pass intzrfesence filter, 2-set coupler,
fully AC—no polarity prctlems. Tremendous-
ly effective in remote areis where all signals
are less than 20 000 microvolts. Uses latest
low moise MADT transistor. Bright red am-
plifier housing gives lasting product identifi-
cation. The Red Head supzrsedes Winegard’s
famous MA-300 amplifier.

For TV or FM—Maeadel No. RD-300, single
transistor, takes up to 20,000 microvolts, 300
ohm input and output, 529.95 list.

Stereotron Amplifiers are Availzble in 2 Models for FM

FOR FM—Model AP-320, twin nuvistor, takes
up to 200,000 microvelts, input 300 ohm,
output 300 ohm, $.9.92 _ist

FOR FM~—Modzs! AP-375. twin nuvistor, takes
up to 200,00C microvelts, input 300 ohm,
output 75 ohm, $4=.95 ist.

Write for technical data or ask your "Vinegard distrisutcr.

Winegard s sysiems

Red Heat AntL Ampllf'er

Minegard

There's a Winegard Quality Antenaa
for Every Rec2ption Need

=
S

COLORFROE ANTENNA
Modei £-44 » Bolt Jnodized » $64.95

COLORTRON ANTENNA
Model C-43 « Gold Amodized - $51.90

COLOATRIN ANTENNA
Model C-42 « Goid Anodized « $34.95

< =4
i

COLORTRON ANTENNA
Modef €-41 « Gold Anodized « $24.95




It's FUN To Build

THIS SUPERLATIVE

SCHOBER ORGAN

EASILY ASSEMBLED
...AT HALF THE USUAL COST!

If you're the slightest bit handy and enjoy
working with your hands, here’s a remarkable
project that will excite your imagination and
reward you with a superb musical instrument.
It’'s an opportunity to assemble your own
Schober Electronic Organ—and—if you wish
—create a unique console for it.

No special knowledge or skill is needed to
assemble this electronic organ. Schober pro-
vides simple, step-by-step instructions (and
woodworking drawings if you want to build
your own console) to guide you every step of
the way. Best of all, by asscmbling the organ
yourself, you save half the usual cost ... save
even more if you make the console, too.

Imagine — this beautiful instrument with
magnificent pipe organ tone and two key-
boards. Who'd ever think it was so easy to
build? Here is a work of art to be enjoyed
today and treasured in the years to come.

Modern electronic Kits containing every
needed part—and the miracle of printed cir-
cuitry—make it possible,

With all work requiring knowledge or ex-
perience in assembling the instrument climi-
nated—all that's left is the pride and pleasure
of watching this magnificent organ take shape
under your own hands. If you can follow
clear, non-technical instructions, you can
build it.

Simply mail the coupon for details. No
salesman will call.

THE[/,.A(,/@, @,{, an

CORPORATION

Dept. RN-25 43 West 61st St.
New York 23, N.Y.

g' THE SCHOBER ORGAN CORP.§
? DEPT. RN-25

| 43 west 61ST STREET, NEW YORK 23, N.Y.

[J Please send me FREE booklet and other
literature on the Schober Organs.

[J Please send me the Hi-Fi demonstration
record. I enclose $2 which is refundable
when | order my first kit.

Name

Address
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Electron Microscopy
(Continued from page 24)

problems. So far, no proton or other
heavv-particle instrument has achieved
the resolution possible with electron mi-
croscopes.

Meanwhile, as the transmission elec-
tron microscope held the center of at-
tention of both the scientific community
and the world at large, other earlier de-
vices, bypassed in the search for more
widely usetul instruments, have not been
allowed to languish completely. For ex-
anple, a number of scientists, including
Dr. Erwin \Mliiller of Pennsylvania State
Universitv, have continued to work on
emission microscopes. As early as 1936,
Miiller demonstrated an instrument of

Norelco EM-200 electron microscope.

this type with a resolving power of 20
angstroms, far better than results achiev-
able with transmission microscopes of
the dav. Its resemblance to an ordinary
cathode-ray tube is striking.

The maximum resolution of Miiller’s
instrument was limited by the fact that
electrons, being very light, are apt to be
easily diverted by stray magnetic fields
or other conditions. So Miiller decided
to use a heavier particle. Several years
ago, his first operating model of the ion-
emission microscope (using ions instead
of electrons) was demonstrated. (The
ion, being heavier, also has a shorter
wavelength and is thus inherently capa-
ble of better resolution than the elec-
tron.) Just a short time ago, the first
commercial model, made by Cenco In-
struments, came on the market.

The ion microscope (Fig. 7B) is quite
similar to the electron-emission instru-
ment. A small amount of helium gas is
introduced into the evacuated tube. As
an atom of helium floats to within a few
angstroms of the tip, the high voltage

there tears an electron away from it. The
helium—now a positively charged ion
with an electron missing—is repelled
violentlv from the tip of the necdle
toward the screen. The patterns of ions
hitting the screen is a taithful reproduc-
tion of the atomic lattice at the end of
the needle.

With this arrangement, Mliller has
succeeded in getting magnification up to
10,000,000 and resolution of less than
3 angstroms. At 10,000.000 the picture
is very dim, so 2,000,000 is the approxi-
mate maximum practical amount of mag-
nification.

The ion-emission microscope has one
serious drawback; it can be used only to
examine metals, and then only a hand-
ful which have melting points above
1400°C. Metals which melt at a lower
temperature vaporize when subjected to
the high voltage necessarv to ionize the
helitm atoms, and therefore cannot be
used.

In spite of its limited applications,
Miller’s ion microscope is becoming in-
creasingly important. Scientists are now
using it to find out what reallv happens
when a wire is annealed, to learn more
about the crystalline structure of metals,
to understand metal fatigue. Soon, we
mayv approach a broader understand-
ing of the mysterious action of catalysts.

Experimental model of Wilska's
short-column low-voltage unit.

Newly commercialized version
of Muller field ion microscope.
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new double duty
nutdriver set

Ten professional nutdrivers in this compact,
convertible set become twenty with use of
a remarkable piggyback “torque amplifier”
handle. Slipped over pocket nutdriver
handles, it gives the grip, reach, and driv-
ing power of standard drivers. Does more
jobs with fewer tools, saves bench space,
lightens the service kit

10 color coded,
pocket size nutdrivers
(34" thru 34”)

17 x 34" hollow
torque amplifier 1
handle éagé

slim, trim see-through

plastic case can be
carried in pocket

flat base turns case
into bench stand

lid provides
storage for handle

WRITE FOR
BULLETIN N762

XCELITE INC., 12 Bank St., Orchard Park, N. Y.
Canada: Charles W. Pointon, Ltd., Toronto, Ont.
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Crystailine structure of tungsten is
shown on photomicrograph taken with
field ion microscope. Each luminous
spot in the photomicrograph repre-
sents an individual atom of matter.

Another offshoot from the early days
of microscopy is the flying-spot ultra-
violet microscope. The original ultra-

| . - B
violet instrument had several important

defects which kept it from becoming
widely used back in the early years of
the century. One of the most important
was that ultraviolet light quickly kills
most forius of microscopic life which
scientists were interested in observing.
(It shared that fault with the electron

| microscope, of course.)

But two vescarchers at the University
of Texas came up with a variation a few
vears ago which overcame this problem.
They generated a spot on the face ol an
ultraviolet cathode-ray tube, which they
swept in a raster through an ultraviolet
microscope onto a specimen they wanted
to study. The spot scans the specimen
just as the beam in a TV camera scans
the scene before it. Under the specimen,
a photommltiplier tube collects the light,
which varies in intensity as the transpar-
ency of the specimen it is sweeping var-
105.

The fluctuating signal developed by
the photomultiplier is used to modulate
the beam of a television picture tube,
which is sweeping in synchronism with
the ultraviolet spot. Since the spot is
small and sweeps rapidly across the
specimen, it has no effect on the organ-
ism being studied.

Although the combination of clec-
tronics and microscopy has already pro-
duced results of incalculable value, it
seems likely that its future contributions
may be even more spectacular. RCA’s
Dr. V. K. Zworykin, a pioneer in the
field, recently put his thoughts on the
electron microscope and its importance
this way:

“Today, we know that the electron
microscope has opened a great new di-
mension for human exploration in the
world which we once labeled submicro-
scopic, The knowledge that has already
resulted is surclv only a small portion of
that which has been brought within our
ultimate reach as science continues to
applv the electron microscope to the

"endless task of research.” A

Negative-Resistance Devices
(Continued from page 51)

North observed that individually welded
whisker diedes showed this effect when
used as v.h.f. superhet converters.6

Such a.c. negative resistance has been
observed in some conventional diode
1ibes operated at u.h.f.7:5 This is a sec-
ondary effect resulting from electron
transit time in the tubes. The mechanism
involves the dynamic plate resistance of
the diode, which decreases at ultra-high
frequencies. When the transit time
equals the period (1/f) of the applied
voltage, R, =0. At higher values of tran-
sit time, R, is first above then below zero,
its oscillating curve showing a negative
slope in some portions.

Feedback Amplifiers

An amplifier provided with the proper
amount of positive feedback may present
negative resistance to circuitry con-
nected to its input terminals. This ap-
plies to amplifiers of all types, such as
vacunm-tube, transistor, magnetic, di-
electric, and varactor. It is this very
property that is utilized so widely in
oscillating and regenerative circuits; the
negative resistance provided by the
feedback amplifier cancels the losses of
the tank circuit into which it operates.
A familiar example, in which loss can-
cellation resnlts in a large increase in fig-
ure of merit, is the “Q”-multiplier.

The grounded-grid amplifier! oper-
ates very effectively as an a.c. negative-
resistance device and has been exploited
in telephouy as a two-wav repeater,

A general limitation of all a.c. nega-
tive-resistance devices is their require-
ment of an a.c. supply, which is some-
times inconvenient and which always
limits the maximum speed at which the
device operates. When a.c. supply and
circuitry are already provided, however,
or the application is of an a.c. nature to
start with, and the supply frequency is
high enough to permit maximum desired
operating speed, a.c. negative-resistance
devices offer distinct advantages. A
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BUY A
TRANSISTOR
AMPIT TFTHR

IT MAKES MUSIC
SOUND BETTER!

Shimmering cymbals, thundering tympani,
blaring trumpets, abrupt, bursting piano . . .
each with its characteristic sound, unmodified
... this is the sound of realism . . . the quick,
natural sound of transistor amplifiers. “Tran-
sient Respcnse'' . ., the ability of an amplifier
to provide instantaneous bursts of power as
the music demands . . . an ability so superior
in transistor equipment that it has already cre-
ated the term, ‘transistor sound”. To this
greater realism, add Longer Life, Lower Power
Consumption, Cooler, Faster Operation . . .
these are the reasons why you should move
up to a Treansistor Amplifier!

o g -
i1 CATALOO,

HEATEHKIT
by Daystrorr

FREE HEATHKIT CATALOG

100 pages of the world’s most famous
do-it-yourself electronic kits . . .

over 250 in ail . . . for stereo/hi-fi, marine,
amateur radio, test and lab., automotive,
electronic organ, television, home and
hobby . . . easy to build equipment

which requires no special skills

and saves you up to 50%.

I
|
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1
|
|
I
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|
|
|
—
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WHY BUY A HEATHKIT TRANSISTOR
STEREQ AMPLIFIER? e IT IS BETTER!

The first of the high power transistor stereo amplifiers to
live up to its specifications! A full 70 watts continuous
power, 100 watts music power, plus or minus one db at all
frequencies from 13 to 25,000 cveles! No faltering, no com-
promising, just the most satisfving, solid sterco sound
you've ever heard. You choose the latest in electronic cir-

cuitry with the Hcathkit AA-2]

. . . 28 transistors, 10

diodes, and complete controls. Easy to build, too, with
circuit boards and encapsulated component modules.

Order it now; kit or assembled, it’s better!

Kit AA-21,281bs.,$13 mMO.. ... it e
Assembled AAW-21, $16 MO.. ... .....vvirviieeinennnnnen

[ HEATH COMPANY, Benton Harbor 15, Michigan

[(J Enclosedis $ plus postage, please send
Heathkit Model Transistor Amplifier.

[ Please send FREE Heathkit Catalog.
NAME

ADDRESS

CITY ZONE STATE

Prices and specifications subject to change without notice. Dealer and export prices slightly higher.
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BOOK
REVIEWS

““BASIC ELECTRICITY’” by Bureau of
Naval Personnel. Published by Docer
Publications, Inc. 439 pages. Price $2.65.

This book comprises the text of a
training course prepared by the Bureau
of Naval Personnel as Navy Training
Course NAVPERS 10086-A. Long con-
sidered one of the best things of its kind,
this handy volume should find wide ac-
ceptance both as a text and a reference
source.

The material is divided into two
major parts, the first covering electrical
theory while the second deals with the
applications of the theory to the struc-
ture of electrical generators, motors,
transformers, and magnetic amplifiers.
The book is well illustrated with line
drawings, schematics, graphs, and ta-
bles. A quiz is appended to each chapter
for self-testing or classroom exam. Ap-
pendices include navy cable type and

= BASIC By e
§ 0
for cowuu?m} ll[lg

™
eatlinyy

size designations, the Greek alphabet
with definitions of those letters used in
electricity and electronics, common ab-
breviations and letter symbols, electrical
terms and formulas, and trig tables.

b4 o o
“TROUBLESHOOTING HIGH-FIDELITY AM-
PLIFIERS” by Mannie Horowitz. Pub-
lished by Radio Magazines, Inc. 125
pages. Price $2.95.

This handy little volume is written for
the audio serviceman or the technician
who wishes to add the servicing of audio
equipment to his skills. Even the knowl-
edgeable and experienced audio kit
builder will find much information in
this book that is well within his scope.

There are twelve chapters dealing
with instruments and techniques, the
power supply, troubleshooting a single
stage, the output stage, the phase in-
verter, troubleshooting typical power

amplifiers,  distortion  measurements,
troubleshooting tone-control networks,
the equalized preamp, heater-cathode
leakage problem, the ground loop, and
servicing stereo.
o o o

“ELECTRICITY AND MAGNETISM"" Dy
Ralph P. Winch. Published by Prentice-
Hall, Inc. 583 pages. Price $9.75. Sec-
ond Edition.

As a result of experience gained in
using the First Edition of this text in his
college courses, Dr. Winch has made a
number of meaningful changes in this
new version. Although at least a vear of
college physics and a vear of differential
and integral calculus are prerequisite to
an understanding of the material, we be-
lieve the average student will find this
presentation more accessible and easier
to grasp.

o k- o
“ELECTRIC CIRCUITS” by E. Norman
Lurch. Published by John Wiley &> Sons,
Inc. 5358 pages. Price $7.50.

This text will he equally acceptable
to the student and those concerned with
the broad field of electronics since the
author covers power, instrumentation,
and electronics with pertinent applica-
tion data in cach instance.

On the assumption that this book will
be used as a classroom text, the material
is presented progressively and in rigor-
ous no-nonsense fashion. A strong math-

NOW!
AVAIL
ABLE

LTD., 510 West Sixth Street, LOS ANGELES 14, CALIF.

25429
£ 25A12
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Car-radio high-frequency semiconductors that will last nearly a lifetime

From Toshiba, one of the world’s leading manufac-
turers of semiconductors, come 2 transistors and 1
diode especially designed for use in high-frequency
car-radio circuitry. Their high sensitivity assures
clear reception of distant stations and static-free
performance in modern cities. They are manufactured
under the strictest system of quality control—so
uniform that characteristics can be guaranteed. In
designing them special attention was paid to make
them immune to shock and vibration—they are built
to last nearly a lifetime.

2SA29. Ge. PNP drift transistor for RF and IF
amplifier
2S5A72: Ge. PNP drift transistor for RF amplifier

and converter
IN60: video and FM detector

Increase the performance and dependability of
car-radio circuitry with TOSHIBA semiconductors—
respected for their quality and reliability by designers
and engineers around the world.

Send for FREE CATALOG, with helpful, comprehen-
sive data, including specifications, suggested appli-

cations, etc.

Tokyo Shibaura Electric Co., Ltd. Tokyo, Japan Quality Since 1875
WRITE TODAY TO

MITSUI & CO., LLTD.

Second Machinery Department Toshiba Electronic Sales

530 Fifth Avenue, New York 36, N.Y.

OR TO THE OFFICE NEAREST YOU: MITSUI & CO. (CANADA) LTD., The Board of Trade Bldg., Suite 802, 11 Adelaide Street West, TORONTO 1, ONTARIO, CANADA. MITSUI & €D.,
MITSUI & CO., LTD., Room 1240, Board of Trade Bldg., 141 West Jackson Blvd., CHICAGO 4, ILLINOIS.

MITSUI & CO., LTD., Room

735 Texas National Bank Bldg., 1300 Main Street, HOUSTON 2, TEXAS. MITSUI & €O., LTD., Room 304, Merchants Exchange Bldg., 465 California Street, SAN FRANCISCO 4, CALIFORNIA.
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ematical background is prerequisite since
the author has assumed that such tech-
niques are part and parcel of the stu-
dent’s equipment. There are problems,
review questions, and references ap-
pended to each chapter and six appen-
dices provide basic data required of
the student but not covered in the main
body of the text.

o -] &
“MICROWAVE SYSTEMS FUNDAMEN-
TALS" by F. Jonathan Mivec. Published
by Howard W. Sams & Co., Inc. 281
pages. Price $5.95.

Like it or not, more and more engi-
neers and technicians are getting in-

volved in microwave svstems as the
means or adjunct to communications in-
stallations. It is to meet this need for an
up-to-date single source of microwave
data that this book has been written.

There are seven chapters in the book
covering an introduction of microwaves,
the behavior of microwaves, microwave
transmission systems, cavity resonators,

microwave transmitter oscillators, micro-
wave receivers, and microwave anten-
nas. The appeudices cover the mathe-
matical construction of the profile dia-
gram and waveguide mathematics and |
equivalent circuits of amplifier and
quartz crystal, A

THE MANY USES OF SOLDER

By HARRY J. ENTRICAN

The versatile commodity is handy, in and out of

electronics, in numerous, seldom-realized ways.

IF YOU'VE ever splashed hot solder

on vour bare skin or fingernail, the
experience doubtless made vou a sadder
but soberer solderer, sizzling but sin-
cerely alert. It shouldn’t prejudice you
against that valuable commodity, how-
ever; for the ever-present roll of radio
solder has manv uscs, in electronics and
out, that are seldom dreamed of by those
who work with it constantly

For example: When storing away test
leads, cheater cords, or other light wires,
keeping them neatly bundled and nn-
tangled is always a problem. T've tried
such things as rubber bands, twine, wire,
and clamps, but none works as well as a
short length of solder. Simply wrap a
turn or two around the leads to be
bundled and give it a twist. The length
of solder can be rensed wheun the test
leads are to be hundled up again, but it
may come in handy before then, as in
the next application:

When a temporary hook-up, for test-
ing or other bench work, is made, test
leads or other long, interconnecting
wires usually spread over the bench in
a random way. It s exasperating and
perhaps even dangerous, to equipment
and to vourself, to have such leads inter-
tering with what vou are doing. Short
strips of solder, used as temporary lacing
cords, are excellent for turning such a
rat’s nest into an orderly arrangement.

Another application: A shorting bar is
often needed on the bench, perhaps to
short out the input of a circuit for a pat-
ticular test or some other purpose.
Simply reach for that handy roll of
solder and use a suitable length. The
medium is easily inserted under almost
any kind of screw connector, can he
fitted into a jack, or simply twisted
around a lug,

Still another: When any equipment is
pulled from its cabinet or rack, leads
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are usually too short to reach cabinet-
mounted components. For example,
when a TV set is pulled, short leads on |
a speaker plug mav prevent connection
to the speaker. There is an easier solu-
tion than unbolting the latter. Insert
short lengths of solder (about one inch
will do) into the female speaker plug. |
The flexible lengths can then be posi-
tioned so that the other ends can be
fitted into the receptacle of any ordi- |
narv cheater cord, which then provides
the needed extension. |

A fifth use: You want to mount a com-
ponent to a hole in a chassis with a self-
tapping screw, but the hole is too large
and the screw does not grip well. You
might use a larger self-tapping screw,
but an oversize one mayv not be handy
and you might have to drill out a Lurger
mounting hole on the component, which
may cause deforming. Avoid trouble by
filling the hole with a small length of
solder. It will let the screw grip securely.

Applications do not end with clec-
tronics. If you also happen to he a
fisherman, you should ahwayvs carry a
small hank of solder in voin tackle box.
Use it to apply sinkers quickly anywhere
on a line; to equip flies. spinners, or |
plugs with more weight; to make tempo- |
rary equipment repairs; or anything else ’
vou can think of.

Solder has also had romantic over-
tones. The tinkers of central Europe used
to melt a spoonful of solder scraps and
then pour it into a shalloww bowl of cold }
water, The shape assumed by the hard-
ened solder was then used to determine
the fortime of the individual, as is done
with tea leaves, The practice has been
picked up and perpetuated by electronic
technicians in that part of the world.

About the only place solder isn’t help- ‘
ful, as noted, is on the bare skin or finger-
nail, when hot. A

NEW SAMS BOOKS

TV Troubleshooter's Reference Handbook

by Stu Hoberman. This book brings you the

practical experience of experts in the anal-

ysis and repair of T'V troubles. Covers not only the
most common problems, but includes those time-
consuming “‘tough dog’’ types. Treats low-voltage
power supplies; tuners; video, audio, sweep and
high voltage; sync sections. Includes unique Trou-
bleshooting Flow Charts, showing a step-hy-slep
troubleshooting procedure for qmckly ﬁolvmg vir-
tually any TV trouble. 128 pages,
Order TVH-1, ondy .. ot vimbas bbb abaiiasa

CB Radio Construction Projects

by Len Buckwalter. Complete step-by-step details
for building these valuable CI3 devices: S-meter,
portable antenna, pocket monitor, receiver, selec-
tive call system, field strength meter, modulation
monitor, SWIR meter, 'I'VI filter, multipurpose test
oscilintor, remote listening unit, generator suppres-
sor, output power indicator, and others. All devices
have been field-tested; guaranteed not to conflict
with FCC Regul(\tlons Only book of its kind! $950
128 pages, 5% x 814”. Order CBG-1, only . 2

Dictionary of Acronyms & Ahhremlmns

by Dr. Milton Goldstein. Authoritative, up-to-date
definitions for over 3,200 acronyms and abbrevia-
tions. How many titnes have you seen letters, such
as ACNQ (Asst. Chief of Naval Operations), BCD
(Binary Coded Pecimal), CAV (Constant Angular
Velocity), DAI (Drift Angle Indicator), and not
known their meaning? 'T'his compact reference glves
you the answers. An invaluable reference for engi-
neers, technicians, writers, and students. 160$ 95
pages, 54x814" ,haldbound Order DAG-1, only 4

TV Service Pricing Manual

by Howard W. Sams Editorial Staff. For the TV
service operator who wants to improve his profit
picture. Tells you how to determine charges for
various types of johs, how to figure your cost of
operation, how to stay competitive and still make
a reasonable profit; suggests procedures to help
boost repair output. Includes examples of pricing
systems: flat-rate charges, hourly-rate systems,
home-call and benchwork charges, etc. 96 pages, s 50
4Y x 615”. Order PRM-1, only. ... .. ... ..... ]

ABC's of Hi-Fi and Stereo

by Hans Fantel. Most practiical book available for
(l):e layman. Simplifies the technical side of audio
theory and equipment. Fully describes sound and
stereo; covers the subject of consoles versus com-
ponents; details the anatomy of a sound system,
quality factors in components, more value for your
sound dollar, kit-building for pleasure and savings.
Helps you understand and get Lhe most from your
hi-fi system. 96 pages, 514 x 813 $195
Order HSF-1, only . ]

Communications Equlpment Schematlc Manual

by Howard W. Sams Eidtorial Staff. First book of
its kind-—complete schematics and specs for leading
commercial systems, such as 2-way base and mobile
types. selective calling systems (coders and decoders).
and handie-talkies. Covers both transistorized and
vacuum-tube units, in such makes as Bendix, Comco,
DuMont, G, Imk Motorola, RCA. 128 pages; s 95
813 x 117, Order CEM-1, only . .. 3

Amateur Radio Construction Pro|ects

by Charles Caringella. WENJ V. A “must” book for
beginners or *'pros’ who want to build all or part of
their ham equipment. Shows how to build a 10-80
meter band novice transmitter, a 30-watt 15, 40,
and 80 meter transmitter, balun antenna matching
unit, crystal-controlled converters, etc. Provides full
circuit description, pictorial and schematic dia-
grams, photos, parts lists, ete. 128 pages; 51/25 50
x 844", Order ARP-1, only 2

Science Projects in Electricity

by Edward M. Noll. Learning by doing is the philos-
ophy of this book. Through the use of unique, orig-
inal science projects, the reader easily learns about
electric current flow; electrical units, terins. and
circuits; magnetism and magnetic fields; DC and
AC electricity; inductors and transformers; capaci-
tors and capacitance. ISach project includes step-by-
step instructions, construction photos, wiring dia-
grams. ldeal for hobbyists and beginners. $995
160 pages, 514 x 814”. Order SPE-1, onlv .. ... 2

HOWARD W. SAMS & (0., INC.

Order from your Sams Distributor today, or mail
to Howard W, Sams & Co,, Inc,, Dept. G-13
4300 W. 62nd Street, Indianapolis 6, Ind.

Send me the following books:

[ TvHA [0 DAG-1 [ HSF-1 O ARP-1
0 CBG-1  [J PRM-1 J CEM-1  [] SPE-1
s enclosed. [] Send FREE Booklist

Name

Address

City. Zone State.
IN CANADA: A. C. Simmonds & Sons, Ltd,, Toronto 7 &
-----------------------l
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Send far NEW
FREE CATALOG 1962
with oscillator
circuits

Citizen Band Class “D” Crystals

CITIZEN BAND CLASS “D“ CRYSTALS
3rd overtone — .005% tolerance — to
meet all FCC requirements. Hermetically
sealed HC6/U holders. %" pin spacing.
.QSO) pins. (Add 15c per crystal for .093
pins

All 23 channels in stock: 26.965, 26.975,
26.985, 27.005, 27.015, 27.025, 27.035, 27.055,
27.065, 27.075, 27.085, 27.105, 27.115, 27.125,
27.135, 27.155, 21,165, 27.175, 27.185, 27.205,
27.215, 27.225, 21.255.

Matched crystdl sets for ALL CB units (Specify equip-
ment make and model numbers) _.._____ $5.90 per set

CRYSTALS IN HCG U HOLDERS

SEALED OVERTONE
486 pin spacing — 050 diameter — .005% tolerance

151030 MC . . . eeeeeaeieans $3.85 ea.
30 to 40 MC e o $4.70 ea.
40 to 65 MC $4.50 ea.

FUNDAMENTAL FREQUENCY SEALED
From 1400 KC to 2000 KC

005% tolerance .. ... . ..$5.00 ea.
From 2000 KC to 10,000 KC,
any frequency, .005% tolerance . .........$3.50 ea.

RADIO CONTROL

Specify frequency. .05 pins spaced 12"
(Add 15¢ for 093 pins) ... . $2.95 ea.

QUARTZ CRYSTALS
FOR EVERY SERVICE

All crystals made from Grade
“A" imported quartz—ground
and etched to exact frequencies.
Unconditionally guaranteed!
Supplied in:
FT-243 holders
Pin spacing ¥~
Pin diameter 093
CRIA/AR holders
Pin spacing 3"
Pin diameter 125

TEXAS CRYSTALS

LITY @ [
e e

MC-7 holders
Pin spacing 3"
Pin diameter 125
FT-171 holders
Pin spacing 3"
Banana pins

MADE TO ORDER CRYSTALS + Specify holder wanted

1001 KC to 1600 XC: 005% tolerance ..
1601 KC to 2500 KC: .005% tolerance ..
2501 KC to 9000 KC: .005% tolerance ..
9001 KC to 11,000 KC: .005% tol

Amateur, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701-
3749 KC) 40 meters (7152-7198 KC), 15 meters
(7034-7082 KC), 6 meters (8335-8650 KC) within 1 KC
FT-241 Lottice Crystals in oll frequencies from 370 KC
1o 540 KC (all except 455 KC and 500 KC) . 50¢ ea.
Pin spacing %" Pin diometer .093

Matched pairs — 15 cycles ... .. ... $2.50 per pair
200 KC Crystals $2.00 ea.
455 KC Crystals . .. $1.25 ea.
500 KC Crystals ___. $1.25 ea.
100 KC Frequency Standard Crystals in

HC6/U holders
Socket for FT-243 Crystal ___..
Dual Socket for FT-243 Crystals ..
Sockets for MC-7 and FT-171 Crystals .
Ceramic Socket for HC6/U Crystals

. $4.50 ea.
- 15¢ ea.
. 15¢ ea.
25¢ ea.
- 20c¢ ea.

ENGINEERING SAMPLES and small quantities for prototypes
now made at either Chicago or Fort Myers plants with 24 hour
service. IN CHICAGO, PHONE GLadstone 3-3555

IF YOUR FARTS DEALER DOESN'T STOCK Texas Crystals,
otrder direct and send us his name.

TERMS: All items subject to p-ior sa e and change of price
without notice. All erystal orders .nust t e accompanied by check,
money order or cash with raymeit in full,

RUSH YOUR ORDER NOW TO

¥ TExAs crysTALS

Div. of Whitehall Electronics Corp. Dept. (R-73)
1000 Crystal Dr., Fort Myers, Fla. Phone WE 6-2100

l FOR SHIPMENT VIA FIRST CLASS MAIL AT NO EXTRA ]

COST ATTACH THIS ADVT. TO YOUR ORDER!
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EUROPEAN COLOR-TV
DEVELOPMENTS

By PATRICK HALLIDAY

URING 1963 firm decisions are ex-

pected in several European coun-
tries on color television services which
so far have not advanced beyond the
experimental stage. Britain, for exam-
ple, is committed to a 625-line u.hf.
color service but final technical char-
acteristics are still unknown.,

The main reason for the hesitation is
the growing belief that a compatible
color-TV system developed in France—
“Secam” or “sequential and memory”—
may prove more suitable than the
adapted NTSC systems which have been
used experimentally for several years by
the BBC and other European broadcast-
ing organizations.

This alternative color system,
“Secam,” already has many supporters
and is currently under evaluation at the
BBC high-power u.h.f. (450-mc.) trans-
mitter in London, built in readiness for
the new British black-and-white 625-
line service scheduled to start in April
1964, “Secam” was originated by Hemri
de France and is now being actively de-
veloped by the Compagnie Francaise de
Television in cooperation with other
British and European companies. It dif-
fers in a number of important respects
from the NTSC color system.

The “Secam” system transmits much
the same basic information as NTSC: a
lutninance signal and two color-differ-
ence (“chroma”) signals. But whereus
in the NTSC system all this information
is being transmitted simultaneously,
with “Secam” only one chroma signal is
being radiated at any given moment.

What happens is that during one line-
period the first chroma signal is radiated
on the subcarrier; during the next line-
period the other chroma signal goes out,
and so on in sequence. Since only one
chroma signal is going out at a time the
subcarrier can be frequency-modulated
and the complex NTSC technique of
two simultaneous signals in quadrature
on a suppressed carrier is avoided.

At the receiver, a “memory” device—
consisting of an electrical delay—is intro-
duced to hold the information received
trom the first chroma transmission until
the second chroma signal begins to ar-
rive. Both chroma signals are then ap-
plied simultaneously to the matrixing
and hence to the display tube—which
can be a Shadowmask—over two line-
periods. The usual form of memory de-
vice in “Secam” receivers is a quartz
block in which signals are stored briefly

by reflection from face to face. Such
delay components are fairly expensive—
about $11-but the total receiver costs
are roughly the same or a little less than
for NTSC receivers.

Since each chroma signal is sent out
for half the total time, the vertical defini-
tion of the color is only half that of the
NTSC system. However, because of the
imperfection of humun vision, there is
little point in providing color definition
equal to that of the luminance signal. In
both NTSC and “Secam” systems the
color definition in the horizontal direc-
tion is reduced to allow the information
to be sent on the subcarrier. In “Secam”
the color definition is similarly reduced
in the vertical direction, permitting the
chroma signals to be sent sequentially,
but having little observable effect on
the picture.

When first mooted several years ago,
“Secam” demonstrations were watched
by BBC engineers who then came to the
conclusion that the new system would
not supersede NTSC. Recent improve-
ments, however, have made them much
less certain .md many now support the
full-evaluation testing of “Secam” taking
place in London and elsewhere. “Secam”
has also been tested by the Swiss broad-
casting authorities.

What are the practical advantages
claimed for this color system? These are
substantial both at the transmitting end
and for the viewer.

The “Secam” waveform is considered
to be much easier to handle, particu-
larly for network distribution and for re-
cording on magnetic tape. Again, since
the strict phase conditions imposed on
NTSC color signals no longer apply, the
transmitted signal is much Jess affected
by multipath propagation—that is by
“ghost” signals. Since color TV is to be
radiated in Britain on u.h.f, rather than
v.h.f,, this could be an especially im-
portant consideration.

Because there is no synchronous de-
modulation, “Secam” color receivers do
not require a reference oscillator and
—very important to the viewer—do not
need “hue” or “saturation” controls.
is claimed that the unnatural colors
which can arise from inaccurate setting
of these controls on NTSC cannot occur
on “Secam.” Receiver servicing, with
emphasis on accurate phase conditions,
is also held to be much more straight-
forward.

An early problem with

“Secam” was
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the rather noticeable pattern on black-
and-white pictures arising from the un-
suppressed subcarrier. The adoption of
frequency-modulation of the subcarrier
and other modifications have reduced
this patterning.

The chief engineer of one of Brit-
ain’s commercial TV hroadcasting com-
panies which has been working on
“Secam” for more than 18 months, has
expressed a number of findings  dis-
tinetly favorable to “Secam” although
he stutes frankly, “No one can express
an objective opinion on this matter un-
til after the high-power tests have been
carried out.”

On the other hand, those who would
like to see Britain adopt the NTSC sys-
tem point out that cxperience in the
United States and Japan has shown it
to be a basically sound and practical
system and that, unlike “Secam.” most |
of the development work on receiver cir-
cuits and compouents has already been
carried out, |

Most Western European countries are
anxious that the same color svstem be
adopted in each country in order to
facilitate the exchange of color pro-
grams. Some are also mvestigating a
German Telefunken color system which
combines features from both the basic
NTSC and “Secam” ideas. |

This vear will see much color |
testing and talking in Europe. But the |
decision cannot now be long delaved. A |

DAMP CHASER
By GEORGE P. OBERTO, K4GRY
ROUBLED with extreme warm-up

drift, dampness ruining components,
and corrosion with TV and other elee-
tronic equipment? The remedy is to in-
stall a “damp chaser” made up of two
resistors wired as shown in Fig. 1. These
resistors should be located up under the
chassis, around critical eircuits. Here |
they will provide daily protection from |
dampness and extreme temperature
changes because of the constant heat be-
mg radiated from the resistors.

By wiring the resistors across the
equipment “‘on-ofl” switch, the resistors
are antomatically eut out of the circuit
once the switch is in the ““on™ position.
The network of two 3000-0hm resistors
draw approximately 50 ma. and produce
about 6 watts of heat. In cases where
more heat is necessary, change the resis-
tors to two 3000-ohm units which draw
about 80 ma. from the a.c. line. These
resistors produece 914 watts of heat. A

Fig. 1. For more heal, reduce the value
of the resistors to 3000 ohms @ 10 watts.
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SNAP...

in seconds...
all the power to bring

in weak channels

without overloading
on strong channels

NEW BLONDER-TONGUE ABLE-2

The new two transistor ABLE-2 is no ordinary booster—it per-
forms better, longer than other home boosters available today.
It’s well worth the slightly higher price. The toughest weak
signal problems are no match for the ABLE-2. List $44.95

v—

2 TRANSISTORS for more power on weak channels—
handles up to 30X more signal voltage than
one-transistor models without overloading

3-SET SPLITTER delivars sharp, clear pictures up

to 3 sets with power to spare (TV, FM, COLOR)
‘MIRACLE MOUNT' m=ans fastest, easiest
installation of any mast mounted booster

REMOTE AC POWER SUPPLY, stripless 300 ohm
terminals and other features

Also available—New ABLE-1—Top Quality mast mounted 3-set
TV/FM booster similar o ABLE-2, but with only one transistor.
Recommended for weak signal areas only. List $39.95

engineered and manufactured by N
[
BLONDER *XTONGUE
9 Alling St.. Newark, 2 N. J.
Conadion Div: Benzo Television Assoc., Lid., Tor., Ont.

home TV accessories o closed circuit TV systems o UHF converters s maater TV systems
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Mew AEC 77

TRANSISTORIZED

ELECTRONIC IGNITION

g4%

Increases engine power up fo 10% . . . as-
sures fast starls at low rpm . . . full power ol
high rpm . . . up to 20% more mpg . . , pre-

venis fouled plugs . . . increases spark plug
life 3 to S times . . . insures 75,000 mile
breaker point life . . . gives instant starting
in sub-zero weather . . . eliminates frequent
tune-ups . . . simple 20 minute installation.

In conventional ignitions, high voltage at
the spark plugs falls off from 28,000 volts
to 13,000 volts as engine speeds increase
The result is a weak spark causing incom-
plete comhustion, fouled plugs, loss of
power, and poor gas mileage. AEC 77 Tran-
sistor [gnition increases and maintains high
voltage at 30,000 volts, to guarantee a
strong ‘‘hot” spark for complete combus-
tion, delivering full engine power bheyond
10,000 rpm, and up to 20% more m.p.g..

WORLD CHAMPION
RACING DRIVER, PHIL HILL,
USES AEC77...REPORTS—
“AEC 77's slrong spark
can make up for worn poinis
and spark plugs. It will
make your car run smoother
al low apeeds and apprecia-
bly improve its performance
and economy.”

AEC 77's use quality components such as
General Motors Delco type 2N1100, high
voltage, 15 ampere transistors, and Motor-
ola type 1N2836B. 50 watt zener diodes

. while others use two low voltage tran-
gistors in series with two 1 watt zener di-
odes, that can cause synchronization prob-
lems and premature failures. Every Tran-
sistor 77 (400:1) Ignition Coil is epoxy-oil
lmpregnated and hermetically sealed for
maximum insulation and cooling, while
others use inferior tar filled coils that can-
not handle the power loads AEC 77 delivers.
Proven in over 2,000,000 miles of testing,
AEC 77 is so dependable in performance.
design, and engineering, that every unit 1s
registered andguaranteed for 3 full years.

TRANSISTOR

FRE TUNE UP METER
Avaitable only from AEC ... at
no extra cost , . . with every
AEC 77 system ordered.

A —
COMPLETE DO IT YOURSELF KIT!
AEC K4.. .. ... Negative Ground only .. .......

NEED COILS & BALLAST RESISTORS ONLY?

.$32.95

Transistor 77 (400:1) ignition Coll ... ..............511.95
Bailast Resistor . .......(.50hm—%0watt)_, .. ..... $1.25
COMPLETE FACTORY WIRED SYSTEMS!
AEC 77 with (400:1) ignition Cell. .6/12 veit systems ..$39.95
AEC 77 Positive Ground for British Cars enly. .6 /12 voit . .$54.95
Please add 75¢ for postage and handling!

| AUTOMOTIVE ELECTRONICS CO. I
| 387 Park Ave. So., N.Y. 16, N.Y.

| Name
| Address
Clly 000000000060 ..Zone. State..... |
s | AEC-77 For Negative ground 6/12v .......... $39.95|
I (0 AEC-77P For Positive ground 6/12v .......... $54.95|
O Kit $32.95 [ 400:1 Coil $11.95 [ Baliast $1. 25|
I O FREE INFORMATION ON AEC 77 SYSTEMS |
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N APRIL we took mournful note, in

this space (page 86), of declining
profit margins throughout the electron-
ics industry, often in the face of rising
wnit production and sales. Exemption
was hopefully extended to a relatively
“new” component: “There may be noth-
ing wrong in the price reductions on
| transistors.”
| So we thought. We are chastened by
a sobering statement from Raytheon.
During the rest of this vear, that firm
will be phasing out its semiconductor
operations in Lewiston, Maine. Produc-
tion of transistors and diodes will be
consolidated at the company’s Moun-
tain View facility in California. Said
Raytheon president C. F. Adams, “Our
reasons for closing down this operation
are based on the continued deteriora-
tion of semiconductor prices.”

This manufacturer was among the
tirst to produce transistors commer-
cially, as well as an early transistorized,
portable radio. Continned semiconduc-
tor production will be directed toward
specialized military and industrial types
rather than “entertainment” units.

Trade with Japan

It is no secret that a major brake on
the production of domestic transistors
and transistorized radios is the heavy
influx, at low prices, from Japan. That
same nation is now becomning a big fac-
tor in shipping Citizens Band gear to
these shores. Tape recorders, TV re-
ceivers, and other electronic equipment
from the island nation are significant—
Iamd growing—factors in our economy.
| Many have taken an alarmist view of
[ the situation, calling for volintary “Buy

American” campaigns, on the one hand,
and protectionist action by Congress, on
the other. In Japanese-made electronics,
| they sce a serious threat to our economy,
| Since the problem is far from being a
simple one, we espouse neither this po-
sition nor its opposite. That opposing
view, however, is worth some consider-
ation here, especially since the reasons
for it are seldom publicized.

The most obvious one is that Japan is
today a friend, and a needed one, of this
nation. Trade between the two nations
is more than a bribe to buv support.

Japan’s economy leans heavily on man-
ufacture for export, with our country
one of its leading customers. Loss of this
business would weaken an ally.

Less well known is the fact that
trade between both powers is a two-way
street. Japan, in fact, is one of our best
world customers. What is more, it is
one of the few foreign powers with
which we enjoy a favorable balance of
trade. In other words, we sell more to
them than they sell to us.

Nor is it a matter of electronics play-
ing the goat for the benefit of other do-
mestic industries. When attempts have
heen made to organize pressure for trade
barriers against Japan, it is significant
that many electronics firms have re-
mained silent. They have good reasons.
In the first half of 1962, Japan ranked
sixth among principal markets for U.S.
exports of electronic products! In other
years, it has stood higher.

The type of electronic gear this cus-
tomer buys from us obviously does not
fall into the home-entertainment class.
Complex industrial and lab equipment
accounts for a good part of the pur-
chases. Cheap labor is not much of a
factor here. Even the latter advantage,
we may note, has dwindled. As Japan
(or any nation) prospers, the standard
of living and wages rise.

This is not a plea for uncontrolled
international trade. But there are two
points worth considering: it is not con-
clusive that trade between the two na-
tions is impairing domestic electronics
more than it is helping it; and an im-
portant stand should not be based on ap-
praisal of one side of an issue.

On the Service Front

Another attempt to organize service
associations nationally outside the Na-
tional Alliance of TV & Electronic Serv-
ice Associations was launched recently.
Representatives of groups from eight
states and observers from four others
met in Chicago to form the National
Electronics Associations. Included
were those who parted company with
NATESA in the past vear, as well as
others never affiliated. Only time will
tell whether this try can succeed where
others failed. A
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Why We Make the Model 211
Availahle Now

Aithough there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this, HiFi STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

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

Stereo Checks That Can Be
Made With the Model 211

Freguency response—a direct check of eighteen
/ sections of the frequency spectrum, from 20 to
20,000 cps.
Pickup tracking — the most sensitive tests ever
availahle on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.
Flutter—a test to check whether your turntahle’s
flutter is low, moderate, or high.
Channel halance — two white-noise signals that
allow you to match your system’s stereo channels
for level and tonal characteristics.
Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

e .,

Stereo Spread

ALSO:

Speaker Phasing

Channel Identification

PLUS SUPER FIDELITY MUSIC!

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

STEREOD TEST
RE CORD ever produced

for just...$4.98

Featuring Tests Never Before Available
Outside Of The Laboratory

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

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

Warble tones used are recorded to the same level within &= I db from 40 to
20,000 cps, and within &= 3 db to 20 cps. For the firsl time you can measure

the frequency response of a system withou! an anechoic chamber. The frequency

limits of each warble are within 5% accuracy.

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

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

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

All Tests Can Be Made By Ear

HiFi /STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!

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

DON'T MISS OQUT—SUPPLY LIMITED

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. Due to the overwhelming demand for this record, only a limited number
are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a
first come, first serve basis. At the low price of $4.98, this is a value you won't want to
miss. Make sure you fill in and mail the coupon together with your check (34.98 per

record) today.
" FILL IN AND MAIL TODAY!

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

Please send me _ test records at $4.98 each. My check (or
money order) for$__ __is enclosed. } understand that you will pay
the postage and that each record is fully guaranteed.

Name
(Please Print)
Address
City Zone State

SORRY—No charges or C.0.D. orders!



TEST
EQUIPMENT

PRODUCT REPORT

Triplett Model 630-NS
Volt-Ohm-Microammeter

For copy of manufacturer’s brochure,
circle No. 538 on coupon (page 19).

OME interesting advances in both
meter and v.o.m. design are fea-
tured in the new Triplett Model 630-NS
volt-ohm-microammeter. It incorporates
a suspension-type meter movement and
features a wide selection of voltage and
current ranges. The high sensitivity of
the 5-microampere meter movement
(200,000 ohms per volt) allows its use
in many measurements previously re-
stricted to v.t.v.m.’s only.

The instrument’s low-voltage ranges
and high input impedance make it es-
pecially useful in transistor servicing.
The low meter current allows voltage
measurements with negligible loading
on the circuit being measured. Even
base-to-emitter bias voltages may be
measured directly in most cases with
minimum effect on the circuit. In most
cases the Model 630-NS can effectively
perform all the functions of a v.o.m. and
a v.t.v.m. with its inherent advantages
of greater accuracy, no warm-up, and
no external power requirements. The
input impedance on the 30-volt d.c.
range is 6 megohms, allowing readings
of 3 volts and lower at v.t.v.m. imped-
ances. This will allow most a.v.c. and
grid-bias voltages to be measured ac-
curately.

The construction of the suspension
meter movement is shown in the draw-
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ing. The moving coil of the d’Arsonval-
type movement is “suspended” by two
ligaments, or bands, of a special plat-
inum alloy. These ligaments are approx-
imately one tenth the thickness of a
human hair (they measure .003 by .0003
inch) and yet have a strength five times
greater than that of ordinary steel. They
serve three functions in the meter: to
support the moving coil in the magnet,
to conduct the current to the coil, and
to provide the torque or spring force to
return the pointer to zero. Since no
pivots, bearings, or hairsprings are re-
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quired, the meter is extremely rugged;
it has no friction and has greater sensi-
tivity and repeatability than previously
possible with pivot-type meters. Only
0.5 microwatt is required for full-scale
deflection of the basic meter. The meter
also employs a special bar-ring magnet
structure which provides self-shielding
against stray magnetic fields.

The meter is compensated for changes
in temperature from 32°F to 104°F by a
special thermistor compensating circuit.
This is of particular value to the service-
man since it allows accurate measure-
ments even when the instrument has
been left in a cold service truck. Selected
silicon diodes are used in the meter cir-
cuit to provide protection against acci-
dental overloads which would normally
bend the meter pointer.

Ranges on the Model 630-NS are
selected by a single 24-position selector
switch in conjunction with a “divide-by-
two” (V-A)}/2, switch. This switch ef-
fectively doubles the ranges available
and results in greater accuracy of meas-
urement since all voltage readings may
be taken in the upper 60% of the scale.

D.c. volts may be measured in 13

ranges from 150 mv. full scale to 1200
volts full scale. Voltages on the (V-A)/2
ranges are at 200,000 ohms per volt,
others are at 100,000 ohms per volt,
except 0-150 millivolts, which is at 60
microamperes. A.c. volts are measured
in 10 ranges from 1.5 v. full scale to
1200 v. full scale. Sensitivity is 20,000
ohms per volts in the (V-A) /2 positions
and 10,000 ohms per volt on other
ranges.

D.c. current may be measured in 13
continuous ranges from 5 ga. full scale
to 12 amps full scale. The low voltage
drop on the current ranges (150 milli-
volts in the (V-A)/2 range, 300 milli-
volts on others) is particularly valuable
for measurements in transistor circuits
where a higher voltage drop would af-
fect circuit operation. The 5-microam-
pere range allows accurate leakage
measurements on all tvpes of semicon-
ductors including silicon transistors.
Ohms are measured from 1000 ohms full
scale to 100 megohms in six ranges. The
maximum open-circuit voltage on any
range of the ohmmeter is 3 volts or less.
This allows ohmmeter tests on most tran-
sistors at safe voltage levels. The ohm-
meter circuit is protected against acci-
dental damage by a fuse in the input
circuit.

The accuracy on all d.c. ranges is 1%%
of full scale and 3% on the a.c. voltage
ranges. The a.c. ranges are frequency-
compensated to the rated accuracy from
30 cps to 20 ke. and will maintain 5%
accuracy to 100 kc.

All readings are taken on a 5%” meter
which is separately housed and pro-
tected by an unbreakable front. Seven
scales are provided with a knife-edge
pointer and a mirror for accurate meas-
urements. The Model 630-NS is priced
at $99.30. A

DeVry
Transistorized Meter

For copy of manufacturer’s brochure,
circle No. 59 on coupon (page 19).

NE of the most useful pieces of test
equipment, particularly for check-
ing voltages in high-impedance circuits,
is the v.tv.m. Such a meter can be
shunted across very large resistors and,
because of the minute amount of cur-
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rent drawn by the instrument, will have
negligible loading effect on the circuit.
Such v.t.v.m’s are usnally a.c. operated
however, so they lack the convenience
and portability of a completely self-con-
tained instrument, such as a v.o.m. What
is more, the v.t.v.m. is not usually able
to measure current directly—and this is a
real drawback when working on tran-
sistor circuits.

The new DeVry transistorized meter
(TRVM-1) incorporates the best fea-
tures of the v.t.v.m. and the v.om. in a
single instrument. The unit is actually a
“v.t.v.m.” but with transistors taking the
place of the usual vacuum tubes. The
meter is completely battery-operated
from four flashlight cells. It is ready to
take measurements the instant the
switch is turned on; there is no warm-up
delay.

Four d.c. current ranges are included,
from 30 wa. full scale to 50 ma. full scale.
Even on the lowest current range, the
meter will not be damaged by excessive
current. In addition, there are four d.c.
voltage ranges, from 1 v. to 1000 v. full
scale, at an input resistance of about 1
meg. on the lowest range and 10 meg.
on the three higher ranges. There are
four a.c. ranges, from 5 v. to 1000 v,
at an input impedance of up to almost
2 meg. These ranges are useful from 10
cps up to 300 ke. (£ 1.5 db). Four
resistance ranges are also included, from
10,000 ohms to 10 meg. full scale. The
over-all accuracy of the instrument is
specified as £ 3%.

The heart of the transistorized meter
is the four-transistor differential ampli-
fier shown in the schematic diagram.
This is basically a two-stage push-pull
amplifier with emitter-follower output.
The total drain on the battery is approxi-
mately 6 ma. This means hundreds of
hours of operation from one set of bat-
teries, or as much as 1000 hours with
intermittent use.

All transistors are silicon n-p-n types
and provide extreme reliability. Oper-
ated far below normal voltages, they
should never require replacement. The
output transistors, Q2 and Q4, drive the
one-milliampere meter movement that
is connected from one emitter to the
other. The amplifier circuit is designed
so that the current through the meter
movement can never exceed a safe value
regardless of overload at the amplifier
input.

Separate calibration potentiometers
are switched in series with the meter
movement on + d.c. voltage, — d.c.
voltage, d.c. current, and a.c. voltage
positions of the function switch. A sep-
arate position of the function switch
connects the meter movement as a con-
ventional voltmeter to check battery
condition. A potentiometer adjustment
can then be easily made to compensate
for battery aging.
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For a.c. measurements, a crvstal diode |
(D1) rectifies the voltage which is then +aov

applied to the transistor amplifier, This
diode operates at the same voltage on
all a.c. ranges. As a result only one a.c.
scale is required. No a.c. balance of the
type used in v.t.v.m.’s is necessary.
The ohmmeter circuit permits the use
of external batteries to extend resistance
measurements to 100 megohms and

higher if this is ever required. It also
eliminates any drain on the ohmmeter
battery if the function switch is left in
the ohmmeter position for long.

The transistorized meter is available
directly from the manufacturer com-
pletely wired at $89.50, and in kit form
at $64.50. A

Keithley Model 121 Wide-Band R.M.S. Voltmeter

For copy of manufacturer’s brochure, circle No. 60 on coupon (page 19).

Y measuring the heating effect of an

applied a.c. voltage, the new Keith-
ley Model 121 wide-band voltmeter is
capable of indicating the true r.ms.
values of complex a.c. voltages. The in-
strument is able to do this over a fre-
quency range from 15 cps to 50 mc. The
wide-band response of the unit mini-
mizes errors due to attenuation of har-
monics. For example, ten harmonics of a
pulse train having a 5-mc. fundamental
will be passed. Accuracy is within 1 per-
cent up to 10 me. Twelve voltage (and
db) ranges are provided, from 1 millivolt
full-scale to 300 volts full-scale.

In addition to measuring complex
voltages, the voltmeter can be used to
measure noise in components, white
noise in electronic equipment, and wave-
form distortion. It will also find use in
the fields of vibration, sound, and optics,
and for the calibration of other a.c.
equipment, The meter amplifier can be
employed as a low-noise scope preamp,
with a usable frequency response from
10 cps to 100 mc.

Special epitaxial transistors are util-
ized for the wide-band amplifiers be-

cause of their high gain-bandwidth
product. The basic circuit is that of a
conventional feedback amplifier, and no
inductive peaking is used to extend the
high-frequency response. The high-gain
transistors permit the use of sufficiently
low value collector load resistors to min-
imize the effects of shunt capacitance.
Hence, the high frequencies are not
rolled off. Also, 100 db of negative feed-
back keeps the response flat and provides
gain stabilization.

The input cathode follower is a nu-
vistor tube. This provides an input im-
pedance of 1 megohm shunted by 20 pf.
The tube is used in order to withstand
signal overloads. For example, it with-
stands overloads of 50 volts r.m.s. at sig-
nals below 100 mv. and up to 400 volts
r.m.s. on the 300-volt range.

The thermal converter circuit employs
a thermocouple and a chopper-stabilized
amplifier to insure stability and fast re-
sponse, It is self-balancing with the out-
put voltage of the thermocouple always
maintained at a constant 100-mv. d.c.
level. With no applied a.c. signal, the
thermocouple output is maintained by
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CITIZENS-BAND

TRANSMITTERS

JPINN

K INEXPENSIVE—ONLY
$260.00 NET.

e EVERY CB CLUB SHOULD
HAVE ONE.

= e CALIBRATIONS FREE FOR
] ALL 23 CB CHANNELS,
WITH NEW METER.

® PORTABLE AND RUGGED
—WEIGHS 8 LBS.

e ACCURACY BETTER THAN
0.0025%, AMPLE FOR CB.

= MAIL COUPON TODAY!
3

LAMPKIN LABORATORIES,
MFM Division, Bradenton, Florida

At no obligation to me, please send free

INC,

|
|
booklet “HOW TO MAKE MONEY IN |
MOBILE-RADIO MAINTENANCE" and data |
on Lampkin meters,
NAME

ADDRESS.

TO LEARN MORE, AND HOW YOU CAN EARN MONEY CHECKING FREQUENCIES FOR OTHERS.g§

WITH THE

LAMPKIN

105-B
FREQUENCY METER

e FLEXIBLE—CAN BE USED
FOR OTHER MOBILE-
RADIO MEASUREMENTS

FROM 100 KC TO 175
AND UP.

® NO ADDITIONAL CRYS-. %
TALS OR FACTORY
ADJUSTMENTS EVER
NEEDED FOR OTHER
FREQUENCIES.

e TIME PROVED DEPENDA.-
BILITY. THOUSANDS IN
USE—SINCE 1938.

MC

8

3
\“5?

THE MOST WIDELY
2 USED MOBILE- %
RADIO FREQUENCY
. METER— o
THE LAMPKIN |

105-B .

LAMPKIN LABORATORIES,

o N

INC.

BRADEMNTOM, FLORIDA
CIRCLE NO. 126 ON READER SERVICE PAGE

MFM Division

ELECTRONICS’ & TV TECHNICIANS!
“It’s Got To Be In Your Pocket!”’

MINITEST |, o transistorized blocking oscillator for
every electronics technician or engineer. Handy
signal transmitter for finding defective circuits in
LF, IF and HF oscillatory circuits, transformers
and chokes as well as in sound pick-ups and
transmitters of all types, . .,

=
. and its Twin: MINITEST I, a transistorized
blocking oscillator for every TV Technician. A
signal generator for finding defective circuits in
VHF and UHF tuners and converters, as well as
video i.f. and output stages. Can also be used
as bar pattern or net pattern generator.
EACH TWIN:
—is the size of a ball-point pen
—is switched on & off like a ball-point pen
—weighs less than 1 oz.
—works on a 1.5 V battery
¢ —is guaranteed for six months

~—is imporfed from Germany (W)
] MINITEST | Net $7.95 [] MINITEST 11 Net $8.95
J TWIN-MINS (I & 1 if purchased together)
Net $16.50
Clip coupon and mail with check or Money Order.
We pay the postage—Sorry, no COD shipments.
| AZTEC ENGINEERING COMPANY
| P.O. Box 158, Lebanon, N.J.

I
|
| I
| Name: |
I Address: I
! I
| —— |
Dealer & Jobbers' inquiries invited.

CIRCLE NO, 146 ONREADER SERVICE PAGE
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NEW! LAFAYETTE

12~TRAN5I5TDR 2-WAY

MHIE TALKE' WITH SQUELCH

only 39.95 2for18.88

More fun . . . better per-
formance 5 greater
value, than ever, Superb
for fishing, hunting or

business use. No age re-
strictions or license re-
quirements when used as
per Part 15 FCC regula-
tions. Features: separate
microphone and speaker
for better sending and re-
ceiving, excellent noise
squelch crystal controlled
receive and transmit, posi-
tive action push to-tatk
switch and 46" telescop-
ing antenna. As a bonus
feature, the HE-100 may
be operated in the home
with an AC power pack.
(Optional see below) Saves
g batteries too! Includes

crystals, earphone, leather

carrying case and batter-

ies, Shpg. wt., 22 oz. Imported

..................... Net 39.95
Pair for 78.88

HE-100L Walikie-Talkie

NEW! AC POWER PACK

Converts 117VAC to 9V DC.
Plugs into HE-100.
HE-97 .. . . Net 7.45

r S e S IR IR B S - .. 1
LAFAYETTE Radio ELECTRONICS
l Dept. RGG-3, P.0. Box 10, I
Syosset, L.I.,, N.Y,
Send me: Walkie Talkie . ie-1000) B

AC Power Pack

(HE-97), |
l Shipping charges collect. $...

... enclosed.
|

applying a d.c. bias current to its heater.
When an a.c. signal is applied to the
heater, its heating effect unbalances the
circuit. Balance is restored by reducing
the quiescent bias current. The change
in bias current is proportional to the

ram.s. value of the applied a.c. signal
and is read directly on the meter. A sec-
ond thermoconple serves as an ambient-
temperature compensator. Hence, the
reading is stable and is not affected by
normal changes in surrounding tempera-
ture.

The price of this special-purpose volt-
meter is $870. Input impedance can be
increased to 10 meg., 15 pf. by a sep-
arate cathode-follower probe for signals
up to 300 mv. A

6-METER ANTENNA COUPLER
By PAUL FALK, K3EJU

OST six-meter transmitters have

an antenna output impedance of

32 or 75 ohms and are designed to work

directly into the coax antenna cable.

However, many antecnnas and compo-

nents have an impedance of 300 ohms

or more. It is customary to use a coax

balun or coil-type balun to match such

components with the transmitter output
circuit.

The circuit shown here is a “‘Q”-type
impedance transformer and provides a
more exact impedance match than most
baluns, resulting in no loss of signal
strength, less radiation of unwanted fre-
quencies, and better standing-wave ratio.

L1 consists of 8 turns of #10 enam-
eled copper wire wound on a 34”7 dowel
which is then removed. The coil should
be stretched so that there is a l-wire-
diameter spacing between turns. Center-
tap at 4 turns, Cl is a 7 to 100 pf. (uuf.)
mica trimmer capacitor. A

Yy 300

TRANSMITTER OUTPUT 7-100pf,
52 OR 75n

I Address
City..... ..

I IR D D NG B B B @D R Ee on
CIRCLENO. 125 ON READER SERVICE PAGE
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SILK-SCREEN
PRINTING
FOR PANELS

By RICHARD W. BAILEY

Research Associate, Ohio State Univ.

Simple technique for labeling equipment
panels that can be employed
bv small electronics laboratories.

ing, directed principally at the small electronics

laboratory that finds itself with a completed piece of
clectronic equipment and is faced with the problem of mak-
ing it look presentable.

The general idea of silk-screen printing is to make a stencil
with no pieces of the letters missing. This is accomplished by
using a gelatin-base film that will adhere to a piece of silk,
nylon, or stainless steel of sufficient mesh to give the resolu-
tion required by the process.

r I YHIS article outlines a technique for silk-screen print-

Eiquipment & Hardware

The first piece of hardware needed is a wooden frame with
the silk, nylon, or stainless steel mesh attached to it. This
frame should be of about 1%” square stock for a screen large
enough to print a regular 19” relay-rack panel. For most
purposes 240 mesh nylon cloth will be satisfactory. This mesh
gives quite sufficient resolution for %”-high letters. The prin-
cipal advantage of the nvlon over the silk is strength. The
stainless steel is still more durable but costs a great deal more.
The cost for 240 mesh nylon cloth mounted on a frame 20”
long by 12” wide is about $8.00 and it can be re-used time
and again.

The second object of hardware one needs is an ultraviolet
light source. A home sun lamp is ideal for this purpose.

The next piece of equipment required is a contact print-
ing frame large enough to take the artwork of the printing.
This can be a wooden frame with Plexiglas face. Careful con-
struction is required so that the artwork fits flat against the
film.

A shallow tray, large enough for washing the screen, and
a rubber squeegee are needed for the actual printing. The
squeegee is a hard rubber strip, fitted with a wooden handle,
large enough to caver one dimension of the printing area.

The only other materials needed are the film, its devcloper,
and a small amount of acetic acid. A solution of 1 part acid
to 25 parts water is employed to size the screen before the
mounting of the film that is used.

Procedure

Now by following the step-by-step procedure outlined one
can do a professional job of silk-screen printing.

The initial task is that of preparing the artwork. Although
photographic technique can be employed for adjusting size
and contrast, it is not required. Simply use art letters with
adhesive backing (e.g. Arttype, Cratttype, or Presstype) and
lay them on a transparent backing of vellum or acetate. Use
care to keep the artwork free from blemishes as they will
otherwise have to be removed from the film. The art letters
are available from many types of suppliers, including graphic
arts supply or art supply houses. They are also relatively in-
expensive, costing $1.00 or less for a standard sheet. A stand-
ard sheet has approximately 1500 letters, numerals, and
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Equipment with small panel that has been printed by this method.
various punctuation marks for a letter height of about % inch.

Having prepared the artwork, the next step is to expose
a piece of film. Several films are available but we have found
that Ulano “Hi-Fi” green film is very satisfactory. This film
is also relatively inexpensive (about $3.20 for a 20” x 30”
piece) and has a fairly long shelf life if kept in a dark place.
The construction of this film consists of a gelatin layer on a
rough plastic backing.

Now to prepare a film one takes the artwork, places it face
down against the plastic backing of the film, and exposes it
to ultraviolet light. The light travels through the artwork and
the backing of the film and produces an image in the gelatin.
Remember, the artwork goes face down on the film. For a
home sun lamp at a distance of about 10” approximately 2
minutes are required for exposure (at this time size the screen
with the acid solution). After the exposure time is up, wash
the film in the developer. The developer consists of powders
“A” and “B” and is made, as is the film, by Ulano. Mix the
powdered developer in accordance with the packaged in-
structions.

The film is agitated in this developer for about 2 minutes.
Next, using a light spray of tap water at about 100 to 120
degrees F, wash the film until the image of the artwork ap-
pears. Continue washing until all of the gelatin is removed
from the letters and numerals. Place the film gelatin-side up,
against the screen, blotting all excess water from the re-
verse side of the screen. Allow the moisture to evaporate
completely from the filn. Depending on drying procedure
adopted, this could vary from 5 minutes (using a hair dryer)
to 3 or 4 hours if left at ambient.

After the film has dried completely, peel off the plastic
backing, leaving a completed screen ready for use. Now reg-
ister vour panel beneath the screen. Make sure the screen
is about ¥1s” from being in contact with the panel. When
the squeegee is pressed against the screen, it will force it
down to the panel and will print through the openings. The
screen will then return to its position above the panel.

One should give some thought to the selection of the paint.
Paints are made espcecially for the screen process and are
recommended. Use lacquer for quick drying, enamel for
slower drying if a number of identical units are to be printed.
Place a generous amount of paint on the screen and force it
down through the film stencil on to the panel with the squee-
gee. The job is now completed with the exception of cleaning
up the screen. First use an appropriate washout or thinner,
depending on the paint chosen, to remove all paint. The film
may then be removed by washing it off with very hot (200°F)
water.
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A simple transistorized
series regulator is

employed along with a
conventional auto regulator,

TRANSISTOR VOLTAGE REG

By JOHN R, GYORKI / Heller's Communication Service

NUMBER of mobile radio service companies use an
automobile batterv and a motor-generator combina-
tion to furnish the radio test bench with low-voltage,

high-current power. Many more shops, however, emplov a
storage battery and a charger. Few companies, if anv, would
use just an ordinary low-voltage power supply that converts
the 117-volt a.c. line to high-current d.c. The reason for this
is that a conventional power supply alone usually has very
poor voltage regulation for current demands that fluctuate
heavily when the transmit hutton of the radio is depressed
and released. Also, the output impedance of the power supply
is normally high compared to that of a storage batterv. A
regulated low-voltage, high-current power supply could be
purchased, but it would be comparatively expensive and the
application may not warrant such an outlay.

The automobile storage battery and charger combination
is probably the most popular with service technicians. The
charger is connected to the batterv and then turned on when
a radio is put on the bench to be serviced. After the radio is
repaired and disconnected from the source, the charger is
allowed to run for awhile to bring the battery up to par again.
Then the charger must be turned off and the battery discon-
nected so that it will not discharge back through the power
supply. The nuisance of watching over a battery so it will not
become overcharged and disconnecting it so it will not dis-
charge, can be eliminated by using an ordinary automobile
voltage regulator in the manner to be described.

Standard Voltage Regulator

The standard voltage regulator (Fig. 1) consists of three
major components. The fitst of these is the cutout relay, RL3.
This relay is normally open when the engine is idling slowly
or not running at all and prevents the battery from discharg-
ing buack through the generator. When the engine is running
and the generator output starts to build up, the current goes

Fig. 1. Circuit diagram of a conventional triple relay
voltage and current regulator employed in automobiles.
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LATOR

from the generator through the series and shunt coils to
ground and energizes the relav; connecting the generator
to the battery. The second relav, RL2, is the vibrating cur-
rent regulator which controls the output enrrent of the shunt-
wound generator. This regulator keeps the current output of
the generator within safe limits since a shunt-wound gener-
ator does not have any inherent current-limiting features.
The third component is the vibrating voltage control re-
lay, RL1. Spring tension on the armature of the voltage reg-
ulator relay holds the contacts closed until the generator
output reaches a predetermined voltage. As the voltage ap-
proaches this value, the current through the coil winding
magnetizes the corve sufficiently to draw down the armature,
thus opening the contact points. This inserts rvesistance in
series with the field winding and reduces output voltage.
A bi-metallic hinge is usually employed on the regulator
armature so that more voltage will be required to open the
contact points in cold weather since a higher voltage is
necessary to charge the battery in cold environments.

Transistorized Voltage Regulator

The transistorized electro-mechanical voltage regulator is
simply « conventional automotive regulator wired to a transis-
tor circuit which takes the place of the generator field func-
tion. See Fig. 2. It is used with an ordinary unregulated
power supply or a battery charger and a 12-volt storage
battery. The voltage and current regulator relavs of the
standard regulator control the field current of the generator
by adding resistance to the normally grounded end of the
field circuit, The resistors found on the original regulator
must be removed in the transistorized application since the
relays will now be used to control the base current of a
power transistor.

The cutout relay operates the same in the transistorized
system as it does in the automobile. When the power supply
is turned on, current flows through the series and the shunt
windings. The two resulting magnetic fields act in the same
direction and add to pull down the relay armature, connect-
ing the battery to the power supply through the transistor.
Wheu the power supply is shut off, the battery voltage being
higher than the supply voltage (charge left in the filter
capacitors), a reverse current flows from the battery to
ground in the shunt winding and from the battery to the
power supply to ground in the series winding. These two
currents will now produce opposite poles in the core of the
citout and the magnetic pull on the relay armature arrests.
opening the circuit so the battery will not discharge back
through the power supply.

The current regulator, RL2, limits the maximum amount of
current fowing out of the power supply. The full charging
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Construction details of a simple series regulator
circuit that is designed for use with unregulated bench supply
or charger and storage battery. Employed for mobile radio servicing.

Underside of the transistor heat sink showing placement of the
base bias resistor, Note wiring to insulated terminal board.

current going to the battery must pass through the current
regulator coil winding. This current sets up a magnetic field
and a pull on the relay armature. If the current (and result-
ing magnetic pull) is in excess of that for which the arma-
ture tension is set, the relay opens, disconnecting the tran-
sistor base from ground and shutting off the current going
to the battery. As soon as the circuit is open, however, the
regulator field collapses and the relay snaps back, This, in
turn, sets up a field again and the process is repeated from
150 to 250 times per second. This action serves to keep the
power supply from exceeding its maximum rated current
capacity.

The voltage reguiator, RL1, controls the maximum battery
terminal voltage. When the battery voltage reaches some
predetermined voltage during charge (about 15 volts), the
current in the shunt winding builds up enough magnetic
strength to pull the relay armature down against the spring
tension. This opens the base circuit of the transistor and shuts
off the charging ciurent. When the battery voltage decreases
slightly, the magnetic field weakens and allows the contacts
to close again. This turns on the transistor and permits the
power supplyv to charge the battery again. This cycle is re-
peated from 50 to 200 times per second to cause the armature
to vibrate and so hold the voltage to a reasonably constant
value.

When the power supply is turned on and RL1 and RL2
contuacts are closed, about 600 ma. of base current flows; the
transistor is now “turned on” or saturated. The collector-to-
emitter impedance is very low (about .080 ohm) and maxi-
mum collector current (charging current) Hows. When either
RL1 or RL2 contacts open, however, due to excessive voltage
or current, there is no bhase current low and the transistor is
“turned off” or cutoff. The collector-to-emitter impedance
is very high; approaching that of an open-circuit condition,

RL1 can be adjusted over a range of voltages by changing
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the spring tension on the relay armature. RL2 should be
adjusted to hmit the collector current to 10 amperes when
one transistor is being used. If more charging current is re-
quired, another transistor (Q2) can be connected, as shown
in Fig. 2 in dotted lines. Two transistors can handle a current
of 20 amperes, providing the power supply being used is
capable of coping with 20 amperes at 16 volts d.c.

The regulator shown in the photographs was constructed
for a charging current of 5 amperes at 16 volts. The transis-
tor should have a collector current rating suffictent to handle
the desired charging current. The one shown is a 2N174.
However, a 2N277, 2N278, or a 2N441 power transistor

cuTouT CURRENT VOLTAGE
RELAY REGULATOR REGULATOR
RL3 RL2 RL}
D =

L
I

= g’—j%?ﬂ

UNREGULATED
= " POWER
O+ i UoTg SUPPLY
BATTERY i 20w ; — i v
12 VOLTS H Q.. 7 i
| o- ' Ry AP 10-20 A.

[[SEVOIY PR

1
20n W WS [O‘
- ~

e 20w

RI—200 ohm, 20 w. res. 190013, or Allstate Standard; Secars,
R2—20 ohm, 20 w. res. (optional, see Roebuck)

text) 1—Single-punched heat sink (Delco
THh1, TB2, TB3-—Three-terminal bar- No. 7270725)

rier strip (Cinch-Jones $#3-140) I1—Double-punched heat sink if Q2
QI—2NI174, 2N277, 2N278, or 2N+441 is used (Delco No. 7281352)

transistor (see text) 1 or 2—Y5" stand-off insnlator
Q2—Same as QI (optional, see text) 3—Solder adapters for barrier strip
1—Voltage regulator (Auto-Lite No. (Cinch-Jounes §Y-140)

VRX-62014, Delco-Remy No. 11-

Fig. 2. Circvit arrangement showing use of series transistor.
For doubled current output, a second transistor may be employed.

may be used. Even some “bargain” transistors can be used
in most cases since the maximum collector-to-emitter voltage
is 16 volts or less.

When mounting the transistor on the heat sink, a little
silicone grease should be placed bLetween it and the heat
sink for best thermal conductivity. The heat sink is electri-
cally connected to the collector of the transistor so care should
be taken to see that nothing of a different potential may
short up against it.

The heat sink has an area of about 80 square inches and
has a three-terminal barrier strip installed at one end for
comiection to the transistor emitter, base resistor, and col-
lector. The base-bias resistor is placed under the heat sink
by means of an insulating stand-off terminal, as shown in
one of the photographs. The heat sink is mounted vertically
under the test bench alongside the conventional automobile
voltage regulator. A
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EFFECTS of RADIATION
on ELECTRONIC COMPONENTS

By EDWARD TROMANHAUSER

What happens to a capacitor, transistor, or vacuum
tube when exposed to nuclear radiation? Here is
what investigators have learned about this problem.

REMENDOUS amounts of money
are being spent by our government

to determine the effects of nuclear radia-
tion on electronic components and sys-
tems. The Defense Department and the
National Aeronautics and Space Admin-
istration have spent over $150-million
on this problem in the past few years.
Much of this research has been con-
centrated on the exposure effects on
equipiment operated near nuclear reac-
tors—such as are used in our atomic sub-
marines. Other tests have been equally
important. If a missile or aircraft passes
through an atomic cloud, the electronic
equipment is exposed to intense gamma
racdiation. The effects of this radiation
can be great enough to cause the missile
guidance system to malfunction or the

navigational equipment in the aircraft
to tail. Receiving and transmitting equip-
ment, radar, fire-control svstems, and
compurters all can be damaged by nuclear
radiation. We must know how to counter
this danger by using radiation-resistant
components and adequate shielding.

Reasons for Damage

Practically all materials will sustain
some change in a radiation field due to
the action of the radiation on the atomic
and molecular structure of the materials.
The degree of change is a measure of the
radiation damage and is a function of («)
type of material, () tyvpe of radiation,
and (¢) amounts of radiation particles
and their energies.

As radiation particles travel through

Table 1. The effects of radiation on various commonly used electronic parts.

ELECTRONIC COMPONENT

1. Resistors
a, wirewound
b. film
c. carbon
d. composition

2. Capacitors
a. mica
b. glass
C. paper
d. plastic
e. ceramic
f. electrolytic

3. Semiconductors

a. transistors, all
b. silicon diodes

¢. germanium diodes

d. cuprous oxide

4. Vacuum tubes

5. Gas tubes
6. Phototubes

7. CRT tubes

8. Insulation

. plastics

. polyethylene
rubber

. glass

nylon
ceramics

heooo

76

RADIATION EFFECTS

in general, a 5 to 20% change
5% increase in value

5% initial increase

15-20% decrease in value
5% change, plus or minus

In general, a decrease in capacitance
Very radiation resistant

Very radiation resistant

5 to 20% decrease in value
Deterioration of dielectric

Very radiation resistant

Breakdown and failure in a matter of
hours under constant radiation

In general, loss of ability to rectify
Loss of amplification
Loss of rectification
Loss of rectification
Loss of rectification

In general they hold up very well.
When they do fail, they do so without
any warning, in a matter of seconds.
Loss of vacuum and failure.

Premature firing, loss of regulation.

Radiation acts upon light-sensitive ma-
terials as do light rays.

Glass discoloration, some go gassy.
The phosphors are radiation sensitive.

In general, a decrease in insulating
properties.

Decrease in insufation

Loss of tensile strength

Becomes brittle

Clouding

Becomes brittle

Reduced thermal conductivity

a material they transfer part of their en-
ergies to the electrons and nucleus of
the material and rupture the chemicul
bonds, producing jonization and atomic
displacement. For example, proton dam-
age to a transistor consists of ionization
and impact damage. After exposure to
large amounts, the current gains of ger-
manium transistors have fallen from 70
to less than 20.

Some electronic components hold up
very well under intense radiation, among
these are the vacuum tube, ceramic and
mica capacitors, copper wire, transform-
ers, and printed-circuit boards. Air entry
is the most common cause of vacuum-
tube failure and is due to the deteriora-
tion of the envelope seals. Insulation will
deterviorate in a radiation field long be-
fore the conductor material is affected.
Ceramic and mica capacitors show al-
most no change in ratings although due
to disassociation and disorder produced
in the molecules of the dielectric, there
is a tendency for all capacitors to de-
crease in capacitance when subject to
radiation. Since the same types of com-
ponents are used in our civilian com-
mercial equipment, the conclusions
reached by mvestigators will be of in-
terest to cvervone in the field of clec-
tronics.

Although the exact gamma spectrum
from a nuclear blast is not preciselv cal-
culated, it mav be assumed that all elec-
tronic cquipment within the line-of -sight
radiation area will be affected to some
degree. By the time the nuclear radiation
reaches the electronic svstem, the en-
ergy spectra will have been modified to
some extent by passage through the at-
mosphere. It is known that at lesser radii
from an atomic detonation there are pro-
portionally greater energv gamma ravs
than one would expect at greater radii.
Gamma ravs lose their energy mainly by
Compton scatter, photoelectric absorp-
tion, and pair production.

Tvpes of Radiation

Before we discuss the effects of radia-
tion on clectronic equipment, let us find
out what types of radiation we have to.
deal with. Radiation can be divided into
two groups or tvpes: (1) charged par-
ticles—electrons and protons and (2) un-
charged particles—nentrons, gamma ravs.

For meuasuring gamma we use the
roentgen as the nnit of measurement.
The roentgen is defined as x-ray or
ganuona radiation producing, by ioniza-
tion, L ESU (one electrostatic unit of
clectricity) in 1 cc. of air. For measure-
ment of neutron radiation we use the
NVT or number of particles present in
unit volume, multiplied by their velocity
(N x V. x 1T,

Radiation-Sensitive Components

Among the most radiation-sensitive
components we find the transistor. Loss
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of alpha, an increase in leakage current,
and barrier failure are common. Other
semiconductors, such as germanium, sili-
con, and cuprous oxide diodes, all fail
in a radiation field through loss of recti-
fication qualities. Radiation destroys the
barrier until the diode acts as a mere
resistance in the ciccuit and conducts in
both directions. Depending on the in-
tensity of the field, this may take from
1 to 20 hours. The time factor varies
with the tyvpe of diode.

Oil-paper capacitors have their plates
expanded and may burst and short out
due to the gas generated by the action
of radiation upon the oil or wax. Re-
sistors may change in value as high as
24 per-cent.

Table 1 illustrates the type of damage
done to the most common components.
As investigation continues, many new
problems will be highlighted and design
changes made in vital equipment used
by business, industry, and the military.
Already certain recommendations can be
made in the design of equipment. Inor-
ganics should be used whenever possible
because of the instability of organics
when subjected to radiation. In certain
applications, the substitution of vacuum
tubes for transistors will have to be
made. Some equipment must be made
to function with wider voltage toler-
ances. Some tvpes of lightweight shield-
ing should be designed to minimize
radiation damage.

Many of the problems are in the proc-
ess of being solvec by NASA as it ex-
tends its space program and more
electronic equipment is being packed
into each payload that has to pass
through the Van Allen radiation belt
where the delicate subminiature instru-
mentation can be seriously damaged by
radiation. A
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“I'm a little uneasy about it with Teely
out on his first call.”
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New Sonotone
Sono-Flex” Stylus

try this with any other cartridge

(at your own risk)

No way to treat a cartridge, for sure—That is, any cartridge except the Sonotone
models featuring the new Sono-Flex® needle. No more bent or broken needie
shanks caused by flicking off sorne lint, dropping the arm, or scraping it across
the record.

The newly dewveloped Sonctone Sono-Flex® needle to the rescue! Gripped in a
resilient butyl rubber mount, you can flex this needle shank in a 360-degree orbit
without breaking. Pluck it—flick it—bend it—bump it—it will continue to perform
as good as new.

Moreover, the Sono-Flex brings advantages in performance never before offered
by any replacement cartridge: Higher compliance, wider and flatter frequency
response, lower IM distortion, and longer needle and record life.

Sonotone Sono-Flex® increases your profits two ways

[] sonotone cartridges are better than ever, easier to sell, because they're hetter
performers. Further, you eliminate callbacks because of broken needle shanks.
Sono-Flex needles are standard right now in these Sonotone cartridges models:
9TAF, 16TAF, 916TAF and the Velocitone Mark IIl.

[] Sono-Flex opens up lucrative needle replacement business for upgrading
these Sornotone cartridges models: 9T, 9TA, 9TV, 9TAV, 16T, 16TA, 16TAF and
916TA, original equipment in over a million phonographs. Replacement is fast,
simple—requires no tools—assembly snaps into position easily, and gives im-
mediate proof of better performance plus abuse-proof, longer needle life.

See your distributor today and ask for Sonotone cartridges with the Sono-Flex® needle.

SONOTONE CORPORATION Electronic Applications Division Elmsford, New York
In Canada: Atlas Radic Corp., Ltd., Toronto e cartridges ¢ speakers ¢ batteries
e microphones e electror tubes o tape heads e hearing aids e headphones

CIRCLE NO. 136 ON READER SERVICE PAGE
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Beware

CHEAP
IMITATIONS

INSIST ON
0=
OISE ~

¢ VOLUME CONTROL
and Contact Restorer
e TUNER-TONIC
for ALL tuners
including wafer type
e FORMULA EC-44
for ALL electrical contacts
FREE with ALL No-Noise Products
5' Plastic Extender Push-button Assembly

for pin-peint applications. Does not cause
shorts!

A\ Y

14 Years of Recognired Leadership

ELECTRONIC CHEMICAL CORP.

813 Communipaw Ave., Jersey City 4, N.J.
(_:LRCLE NO. 114 ON READER SERVICE PAGE

$ 895
8.95

BC-455 COMMAND RECEIVER. 6-9 MC. Xint
condition

BC-457 COMMAND TRANSMITTER. 4
Brand New . ..

MN-26 C BENDIX RECEIVER. l.)() 1500 I\C
in 3 bands. Has 11 tubes with 2 tuned Rl"
amp., 112.5 KCIF and RFO. Xint. for for
eifn tong ar medium wave broadeast l)\f 14.95
With schematic. Used. Xint. N

BC-221 FREQUENCY METER with mlglnll
Calihration Book and Crystal. Lalb., checkod 69 50
out. Used. sfooc .

AN/APN-9 LORAN RECEIVER INDICAYOR
(‘ompletel\ lab. realigned and checked out
With mount and plug. Nint. condition

.3 MC.

94.50

All ahove items subject to prior sale. Don’'t wait!
Send Money Order or Check with Order
Write for Latest Flyer—LOADS OF BARGAINS!

R W ELECTRONICS

2430 S. Michigan Avenue Dept. 773
Chicago 16. llinois Phone: CAlumet 5-1281

-- then you need us!

4 - GET STARTED RIGHT by writing
STARTING for FREE 8 page catalog ilfus-
v trating over 30 business forms

SERVKE ?/ and systems designed' specifi-
)/

Y st

cally for TV-Radio Service.
ON SALE AT YOUR PARTS JOBBER

i
{
|
\, Oelrich Publications ® 6556 Higgins Ave., Chicago 31, III.

Fix Electric Appliances That

DON’'T WORK

PAYS $3 TO $5 PER HOUR

FREE BOOK tells about profitable spare-time or full-
time business. 400 MILLION Appliances now in use.
People need them fixed. YOU make good money doing
it—right at home! Easy course trains you for top earn-
ings. At no extra charge you get Appliance Tester. Get
FREE Book, FREE Sample Lesson! Mail couPon now.

P————————— e e e e e ——

I NATIONAL RADIO INSTITUTE, Appliance Division I
Dept. EG3, Washington 16, 0.C.

l Send Free Book, Free Appliance Repair Course Lesson. I

: N UM Clot fremrar d 2O m 2w FRI £68 = BOAE 1o 3/ 2 S o :

l Aress amsavotdastsiiodidd. oo oo o mabi Cievaranan I

I Clly atbealk d mhsatlNaaE s 1 e ZOoNe vaw SEIC s=are s - |
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V.H.F. Marine Radiotelephony
(Continued from page 49)

equipped with a channel selector which
automatically resets the receiver and
transmitter to 156.5 mc. after operation
on another channel.

On some commercial vessels two or
more receivers are provided so that 156.8
me. and other channels may be mon-
itored at all times between actual trans-
missions while working on other than
the continuously monitored channels.

Type-accepted equipment that can be

| used on the v.h.f. marine band is listed

in the FCC’s “Radio Equipment, Part
C.” Procedures for obtaining type ac-
ceptance for non-tvpe-accepted equip-
ment are explained in Part 2 of Volume
II “FCC Rules and Regulations.” Com-
plete information on maritime radio reg-
ulations is contained in Parts 7 and 8 of
Volume IV “FCC Rules and Regula-
tions.”” All these publications are
available from the Superintendent of
Documents, Government Printing Office,
Washington 25, D.C. or a field office of
the U.S. Department of Comimerce.

A new v.h.f. set, modified or equipped
for three- or four-channel operation will
cost from $400 to $900, which is not
much more than the cost of a high-grade
medium-frequency marine radiotele-
phone.

Since thousands of v.h.f. mobile radio
units that do not meet the more strin-
gent land mobile radio technical stand-
ards must be replaced by November
1963, it should be possible to pick up
these sets at a considerable saving.

Antennas

An antenna system will be needed, of
course, but since most v.h.f. antennas
have their own ground planes, separate
grounds are not usually required. One
of the lightweight coaxial antennas can

Packset can be licensed as utility station.

An example of a v.h.f. frequency-modulated

radiotelephone unit that produces an r.f.
output of 50 watts on eight marine channels.

be casily rigged to the top of a mast or
bracketed to the exterior of a cabin.
Where appearance is more important
than range, an 18-inch, quarter-wave
flexible wire whip antenna can be
mounted on the cabin roof. In this case
a screen or sheet metal ground plane ex-
tending at least 18 inches from the base
of the antenna will have to be installed.
If a sturdy mast is available, a ground-
plane antenna with a vertical driven ele-
ment and ground radials about 18 inches
long will do a good job. Best is one of
the colinear high-gain antennas. These
may have a power gain of almost 6 db,
boasting effective radiated power four
times and doubling receiver sensitivity.

Coaxial cable must be used for feed-
ing the antenna. Because of its con-
venient small diameter, RG-58/U cable
will probably be more acceptable than
the more efficient, but thicker and more
expensive RG-8/U or foam-type cable.
In muarine applications it is particularly
important to make all coaxial connectors
watertight. The cable should be secured
so it won’t whip around in the wind.

Some ignition noise suppression may
be required, but not to the extent re-
quired when operating in the medium-
frequency or Citizens Band. In these
bands the effective communicating
range is limited considerably by noise—
static and ignition interference. Also, in
the medium-frequency band, range is
additionally limited bv the necessity to
emplov an antenna which is only a frac-
tion of the length of a full quarter-wave
antenna. However, in the v.h.f. band,
maximum efficiency antennas can be
used even on small craft.

Communicating Range

Ship-to-shore communicating range
depends upon the cffective elevation of
the shore station antenna, the elevation
of the boat’s antenna above the water,
the nature of the obstructions between
the boat and the shore station, power
output of the transmitter, and sensitivity
of the receiver. Since the shore station
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generally has a powerful transmitter, ef-
fective communication depends largely
on the shore station’s ability to receive
vour signals.

On the Great Lakes, privately oper-
ated v.h.f. shore stations, in service more
than 15 years, frequently intercommuni-
cate across Lake Michigan, a distance of
about 80 miles. The associated car fer-
ries are able to talk with one or another
of the shore stations even midway across
the Lake. In areas where there are inter-
vening islands, range would be dras-
tically reduced.

Ship-to-ship range across open water
depends on the elevation of the ship’s
antennas. Under tvpical conditions,
range is around 15 miles.

Such v.h.f. ship-to-shore communica-
tion is possible only in areas where there
are v.h.f. marine shore stations. The
Gulf, Pacific, and Atlantic Coasts, as
well as the Great Lakes and Mississippi
River, are pretty well covered by v.h.f.
stations. But there are many inland lakes
that are not served by shore stations on
these frequencies. Such areas are not
covered by medium-frequency shore
stations, either.

At the present, v.h.f. marine radio-
telephony does not satisfv all of the
communications requirements of boats
operated at great distances from shore.
Most v.h.f.-equipped commercial vesscls
are also outfitted with medium-frequen-
¢y radiotelephones. But, for the part-
time sailor who stavs within 25 miles of
shore, v.h.f. can provide more satisfac-
tory communications—virtually free from
noise—and without the congestion and
interference existing on the lower fre-
quencies. A

TWEEZER EXTENSION
By GLEN F. STILLWELL

WEEZERS are sometimes necded to

insert tiny screws, pins, lock keys,
etc. in close places or restricted areas.
Similarly, such a tool is often needed to
renmove tiny unwanted items from com-
pact instruments or mechanisms. Unfor-
tunately the working area is often so
restricted that the tweezers cannot be
manipulated successfully.

To provide a suitable extension for use
in such places, simply tape the tweezers
to one jaw of a pair of longnose pliers,
as shown in the photograph. The tweez-
ers are situated in such a way that when
the jaws of the pliers are closed it will
also close the tweezer jaws so that the
tiny part can be picked up and held or
released, as desired.
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Harman-Kardon Shatters

Old Concepts of

Economy-Class

Public Address Amplifiers!

COWMMANDER CA-65
with extra mic pre-amp installed

COMMANDER CA-100
with extra mic channels and
area selector switch assembly

CIRCLE NO.

121 ON READER SERVICE PAGE

New performance and
versatility standards with the

“CA’ SERIES COMMANDER

Unprecedented! 5 New Commanders . . .
every one with CERTIFIED POWER
RATING! Now you can plan a job accu-
rately, get the results you cxpect!

Versatile! Inputs for High and Low Im-
pedance Mics—with on-chassis socket for
plug-in mic matching transformer! Every
quality or cable length requirement is now
satisfied!

Expandable! Add Mic Channels as
Nceded! Space provided on medium and
high power modcls for two additional mic
channels. Up to four mic inputs now
possible.

Fidelity! Socket for an optional plug-in
mag phono-tape head preamp with genu-
inc built-in RIAA and NARTB equaliza-
tion. Works in aux channel; avoids loss of
a mie input.

Adaptability! Every Commander can be
sct up for precedence operation, esscntial
for background music systems, special and
cmergency announcements, ctc. CA-12
has MIX-MUSIC-PAGE switch; all others
function automatically.

Flexible! Optional arca spcaker selector
assembly installs in CA-35/65/100 to pro-
vide sclective paging and musicasting to
any or all of 8 arcas.

It’s impossible . . . to add here the numer-
ous other MAJOR features of this remark-
able new cconomy class public address
line. But, a big new free catalog tells you
the whole story about Commander and
provides valuable, revealing information
about public addrcss amplifiers general-
ly...Send for it.

HK-108

B L L L L L L L
H Harman-Kardon, Inc. Desk E-7
Commercial Sound Div.

55 Ames Court, Plainview, L.I., N.Y.

Rush me the new p/a catalog that tells me
the things | ought to know about public
address amplifiers.

Address

City State

kardon
A subsidiary of THE JERROLD CORPORATION QF
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NEW
CONNECTORS
AND
TECHNIQUES

INSPECTION HOLE

Fig. 1. A crimped pin and its mating socket, with wires
olready inserted. One connector may hold hundreds of these.

[ W g

P §

Fig. 2. Two of the many available pin-and-socket pairings.

et

Fig. 3. Using a thermal wire stripper. Heat melts insulation.

Fig. 4. A single contact being inserted intoe crimping tool.

HE GREAT emphasis on reliability in electronics,

originating with military and industrial requirements,

has had effects evervwhere. It has not only spread to
other areas of clectronics, but has wrought changes in all
tvpes of components used, including that indispensable class
of components, connectors.

Interconnecting devices are available in a wide range of
types, sizes, shapes, and cost. One may encounter a single-
contact plug and jack; on the other hand, a connector in
moder digital equipment may have several hundred con-
tacts. In critical applications, these devices must be tempera-
ture-stable, moisture-proof, and otherwise have high reliabil-
ity.

Until a few years ago, the contacts of most connectors were
permanently fixed in the insulator body, with each wire
soldered to its respective contact. If wiring up a large number
of closely spaced pins without spilling solder or producing
cold solder joints was a prodigious leat, inspecting the con-
nector to make certain that all joints were good was nearlv
impossible. In a chain of otherwise highly reliable equipment,
connectors often proved the weak links.

A well established technique borrowed from the electrical-
appliance field has now superseded the soldered connector,
where reliability is a factor, New connectors use removable
rather than fixed contacts and each of the latter is crimped
to its wire vather than soldered. The great advantage of re-
movability is that any contact can be taken out and replaced
without disturbing the rest of the ussembly. As to the solder-
less technique, there appear, at first, to be certain disadvan-
tages. But they are eusily overcome.

In crimping, a stripped wire is simply inserted into a metal
sleeve or other opening in the contact and the surrounding
sleeve is squeezed tightly against the wire. If the sleeve is
too large (or the wire not large enough), the individual
strands will have room to shake loose. The wire can also pull
loose if the squeeze is not tight enough. If the squeeze is too
ticht, on the other hand, strands in the wire may be broken,
resulting in weakness.

The sleeve metal can also be a factor. If it is too springy,
the crimp will eventually lose its tightness. If it is too brittle,
the crimping operation will cause cracking and the weakened
connection will eventually break off. Thus. although crimp-
ing is faster and simpler than soldering, it has its oswwn prob-
lems. Counterbalancing these, however, is this fact: when the
proper tools and techniques are emploved, crimped joints can
be perfect. Control of this factor is easier than with soldering.
Before going into methods, however, let’s consider connectors
and their contacts a little turther.

Connector Variety

Like earlier types, modern connectors vary in size and
shape according to application. The range in the number of
pins (or matching plugs), as has been noted, mav be from
a couple to a few hundred. Shape may be round or rectangu-
lar. There are always two mating elements and, i most cases,
one of them is mounted firmly to a larger object. For example,
there may be a chassis connector that mates with a cable or a
printed-wiring board connector that mates with contacts di-
rectly on the board. In some instances, both connecting cle-
ments are mounted on separate, solid entities. Consider com-
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puters, laboratory oscilloscopes or generators, and other de-
vices with removable sub-assemblies, These generally use
plug-in drawers or subchassis.

Some means of keying or guiding is invariably used to make
certain that pins and scckets mate correctly. A few years ago,
many connectors depended only on pin distribution and
arvangement for this. All newer types use some other means,
to prevent damaging attempts at forcing connectors together
in the wrong way. Round connectors generally use a keyway
in the shell, as do octal-hase tubes. Rectangular types use
either non-svmmetrical shell shapes or else a set of sturdy
keving posts, larger than the contact pins, to prevent wrong
mating.

There is also more sophistication and more reliability in the
pins and mating sockets that form the contacts, some of which
are shown in Iigs. 1 and 2. On the glamorous side, they
generally use gold over nickel plating. They also include
spring elements to insure good contact and firm seating in the
connector’s insulating material,

Just in case a pin or socket does become defective, it can
be removed and replaced without disturbing the rest of the
assemblv. As a rule, however, a special tool is required, just
as crimping calls for its special tools.

In some cases, the implements required for one tvpe of
comnector ave slightlv different from those used with another.
Even so, anvone familiar with the tools and techniques asso-
ciated with one connector tvpe or a particular manufacturer
will also be able to handle others. This ability is the kev
to reliability and repeatability.

Crimping

The secret of successtul crimping lies in choosing the right
wire size for a particular connector and in preparing that wire
properly. The length of wire that is to be bared, which is
specified, must be just right so that it will fit into the crimping
well, while remaining insulation must fit cleanly into the
sleeve provided for it. Most contacts incorporate a small hole
in the crimping well for inspection.

The stripped wire should not be nicked, nor should any of
its strands be severed. This simply means that a good wire
stripper must be used. There are many satisfactory types
popular with technicians on which the only precaution is
that the correct die size be used for the wire involved. How-
ever, unless Teflon insulation is used, a thermal stripper is
preferred. A simple one, which melts away insulation without
damage to the conductor, is shown being used in Fig, 3.

As for crimping tools, only those desigued for the particular
tvpe of contact should be used, and use of the correct dic size
is essential. The tools are availakle with assorted, changeable
dies to fit the various sizes of contacts in the line and appro-
priate wires. Fig. 4 shows a pin being inserted in a crimper.
In Fig. 5, the stripped wire has been inserted into the pin
and the handle is being squeezed to make the crimp. In most
cases, there is a ratchet mechanism that prevents release if
the tool has not been squeezed all the way, to insure a proper
crimp.

Depending on manntacturer and connector type, the crimp
itself may be in the form of an gval, star, or other shape. An
enlarged cross section of an oval erimp (Fig. 6) shows how
tightly the individual wire strands are squeezed and how
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Electronics grows more complex,
interwiring more elaborate, and
reliability more important.

Learn how solderless connectors are
used to resolve the dilemma.

By WALTER H. BUCHSBAUM
Industrial Consultant, ELECTRONICS WORLD

Fig. 6. Enlarged cross-section of wire strands in oval crimp.

Fig. 7. A set of crimped pins ready for connector insertion,
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SHOULDER

Fig. 9. A special tool, shown ready here, will do the rest.

¥

Fig. 10. Press the inserion tool and the job is completed.

Fig. 11. Extmcting a contact also calls for a special tool.

they bite into the inside of the crimp well. In a properly made
connection, the mechanical strength of the joint is much
greater than that of an equivalent one made with solder. A
portion of the insulation is supported by the sleeve extending
from the crimp well, so that the wire can flex only over the
insulated portion while the lower part is held rigid. Fig. 7
shows u bundle of wires erimped onto individual pins, before
they are inserted into the connector.

Insertion and Extraction

Lach pin (or socket) is first slipped into the correct hole
of its conmector (Fig. 8) by hand, then pushed all the wav
down with the appropriate insertion tool, Note that insertion
is made through the back end of the connector; that is, the
pin will go through the body to protrude at the opposite side.

The insertion tool, which is matched to the contact, is a
hollow, half-open shaft, with space in the hollow for the wire,
as shown in Fig. 9. It is pressed down until its own shoulder
rests on the insulating material of the connector, as shown in
Fig. 10. At this point, the pin or socket is held in the con-
nector body by spring action, which is provided by springs
either on the body of the pin itself (as in Fig. 1) or in the
conuector. The msertion tool can then be withdrawn easily.

To remove a pin or a socket, another type of implement is
used to overcome the tension of the retaining spring. An ex-
traction tool is always applied to the mating end of the con-
nector (Fig. 11), rather than {rom the back, as is the insertion
instrument. The extraction tool fits either around the pin or
into the socket. Thus the types used for male and female
commectors will not be the same.

I'or the type of contact shown in Fig 1, the extraction tool
is designed to squecze in the retaining springs on the contact
itself as it pushes the contact out through the back of the
connector. Where the retaining springs are inside the con-
nector body, the tool is designed to press them away from
the contact body. In either case, the purpose is to pernit the
removal of individual pins or sockets without damage. A con-
tact can be inserted and extracted many times in safety. This
is very helpful when errors occur in wiring a connector. If the
wire itself should be damaged, however, a completely new
pin or socket must be crimped on. The crimp itself cannot be
repaired, as the metal is weakened.

Rules and Precautions

Just as certain “ground rules” must be observed when
soldering connections, there are principles to follow with
crimped connectors. The stripped wire must not be damaged
i any wav. It must be cut to the right length, so that the
bare portion just fills the crimping wall. Insulation must fit
into the sleeve provided for it. Both wire and insulation must
be of the size specified for the connector. While it is obviously
poor practice to use undersized wire, it is equally wrong to
try to make oversized wire fit by cutting away strands.

Alwavs use the correct insertion and extraction tools. The
use of awls, screwdrivers, needle-nose pliers, scribers, and the
like can damage the connector body or weaken the wire
where it enters the sleeve. Often these devices will appear to
be effective and give the impression that a repair has been
completed successtully, bhut long-term reliability of the entire
connector is almost certainly impaired.

If an emergency repair must he made when the right tools
are not available, it is wiser to bridge wires across the con-
nector. These leads will clearlv mark the measure as tem-
porary until the right implements are available.

In practice, such emergencies can be avoided easily. Most
manufacturers of equipment using crimped connectors fur-
nish a complete set of the appropriate instruments as part of
the maintenance kit of spare supplies. Where this is not done,
whoever is responsible for maintaining the equipment should
insist that the proper tools be ordered before such tools are
needed. A
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| Semiconductor Strain Gages
(Continued from page 38)

cocfficient of resistance but with oppo-
site gage tactors, This will compensate
for the resistance change and, in addi-
tion, will provide two active adjacent
arms of the bridge. The Kulite-Bytrex
Corp. produces such a gage, a cross-sec-

tional view of which is shown in Fig. 12.
Gage factors in excess of 200 can be
achieved with this configuration. This
same company also makes a transducer |
gage in which the thernal coefficient is
verv nearly the negative reciprocal of |
the thermal coefficient of the modulus
of steel. Thus, when bonded to steel, the
gage is automatically compensated for
thermal effects on sensitivity. This lea-

ture, together with a high degree of |
linearity, results in an extremely useful
device.

Any article on the subject of semicon-
I ductor strain gages would be incomplete |

BRIDGE
POWER
SUPPLY

11. Wheatstone-bridge configuration.

Fig.
One, two, or all four arms may be gages.

| without some mention of recent work at
Bell Laboratorics on the use of senii-
conductor devices as pressure trans-
ducers.

In one device, the positive- and nega-
tive-resistance  characteristics  inherent
in a thin p-n junction, such as in an
Esaki diode, are modulated. By properly
constructing the diode and coupling the
desired mechanical motion to the junc-
tion, a pressure multiplication factor of
as much as a million can be obtained.
Also, by utilizing the negative-resistance ‘
portion of the Esaki diode, together with l
a suitable value of input current and |
parallel resistance, gage factors as high
as 30.000 mayv be obtained.

Semiconductor materials have made
great inroads into the fields of strain and
pressure measurements. Research and
development are continuing and further
new developments are on the way. A

Fig. 12. This unit is auvtomatically
pensated for any changes in temperature.
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save big
money on
air conditioner

and refrigerator
repairs

HOME
AR CORDITIONERS

REFRIGERATION
EQUIPMENT

L 2

GUIDE TO HOME AIR CONDITIONERS
AND REFRIGERATION EQUIPMENT
by Bernard Lamere

When vou need air conditioning
most during these hot summer days, something
happens to the air conditioner. And when it
does, it costs money. This practical book, writien
for the average homeowner, will save both time
and money eliminating ‘down’ time on your air
conditioner when vou most need it.

It explains in clear, easy-to- understand terms,
the way in which various types of cooling equip-
ment use electric power to produce a cooling
¢ffeet. In simple step-by-step presentation, it
shows you how !o dingnose troubles and repair
vour air conditioner, refrigerator or freezer.
Various types of air conditioners are described,
and the book tells vou how to sclect air con-
ditioning equipment for use according io the
construction of the building involved.

.For the beneciit of those whose technical interest
calls for a complete understanding, the book goes
on to explain how the more complicated repairs
may be made. It includes procedures for simple
repairs through replacing sealed units. It also
covers the operation of the gas refrigerator.
Homeowners and service technicians will find this
book will pay for itself in saving money, extra
comfort and extra income. #294 paper; $2.95.

RIDER BOOKS FOR EXTRA SUMMER INCOME—
EXTRA SUMMER READING PLEASURE

HOW TO INSTALL MARINE ELECTRONIC EQUIPMENT
by Elbert Robberson #230 paper; $4.50, r2301[
cloth. $5.95.
ELECTRONIC EQUIPMENT MADE EASY FOR THE BOAT
OWNER by John D. Lenk, 287 hard bound, $5.95.
REPAIRING TRANSISTOR RADIOS by S. Libes, #270
paper. $3.50,
HOW TO INSTALL AND SERVICE AUTO RADIUS (2nd
edition) Ly Jacl Darr F159% paper, +$3.2
HOME AIR CONDITIONING—Installation and Repair by
J. Derman, F. Malkstein, 11, Seaman. 211 paper,
$3.50.
CITIZENS BAND RADIO by Allen Lytels #2713 paper,
$3.90.

It never fails.

Awailable at distributors, boolstore or direct

ORDER TODAY—10 DAY MONEY
BACK GUARANTEE

JOHN F. RIDER PUBLISHER, INC.
A Division of Hayden Publishing Co,
850 3rd Avenue, N.Y,, N.Y.
Please send:
[] Guide To Home Air Conditioners & Refrigera-
ation Equipment, $2.95 How To Install Marine
Electronic Equip. [] paper, $4.56; [ ] cloth, $5.95
[ ] Efectronic Equipment Made Easy For The
Boat Owner, hard bound, $5.95 [ Repairing
Transistor Raduos $3.50 I'} How To Install &
Service Auto Radios (2nd ed), $3 25 [] Home
Air Conditioning — Installation & Repair, $3.50
[] Citizens Band Radio, $3.90
[ Payment enclosed—Rider pays postage
[] Send C.0.D. postage.
Send me information on industrial discounts on
quantity orders.

Name
Address.
City

[ e e e e e e e e e e
——-——_—-—;————_—_——_
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FREE Catalog

OF THE WORLD’S FINEST
GOV'T. SURPLUS
ELECTRONIC BARGAINS

SUMMER SPECIALS:

SHURE MICROPHONE ‘> PRICE

TEN FOUR MODEL CR4M
/[‘ _3

150-250 Ohms 50 DB Controlled
Reluct’mce V[lcrophone with high
impact **ARMO-DUR" case. as de-
signed for the Armed Services.
Response 200-8000 CPS., Semi-
Directional. Ideal for mobile use.
Complete with coiled cord. four £
prong plug. push to talk 9\\ and
hanger. Shpg. Wt.: 2 Regu-

lar Net Price: $19.20
OUR PRICE: $96°

TRANSFORMERS:
6.6 VOLTS—HIGH AMPS
ALLPRIMARIES: 115V [ 120 V/ 125V /

132 V—60 Cycle:
SEC.: 6.6 volts 35 Amp. Size:
5x4x6”. Wt.: 24 Ibs.. .. .Price: $6,95
SEC.: 6.6 Voits 25 Amp. S|ze

4Yox6x4”. Wt 17 Ibs.. . Price: $4,99
SEC.: 6.6 Volts 18 Amp. sze

4Vox5Yax4”. Wt.: 12 1bs.. . Price: $3.95
SEC.: 6.6 Volts 10 Amp. Size:

4x3Vax4”. Wt.: 9 Ibs.. .. . Price: $2.99
PARABOLIC ANTENNA & MICROWAVE
REFLECTORS—As previously advertised
are still available. Write and tell us your
needs. Ask for our CATALOG!

Address Dept. EW ¢ Prices F.0.B., Lima, 0. -«
25% Deposit on C.0.D.’s « Minimum Order $5.00
SEND FOR BIG FREE CATALOG!
FAIR RADIO SALES

2133 ELIDA RD. - Box 1105 LIMA, OHIO
CIRCLE NO. 116 ON READER SERVICE PAGE
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Electronics World
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+ March, June. (2UALH\d

IL: \\D M‘O\I‘y
Was ngton Bivd., Fort Wayne 2, Indiana

Indiana Institute of Technology

Write for catilog

1608
II

formerly Indiana Technical College

Convert any television to

BIG-SCREEN 0SCILLOSCOPE

with minor. inexpensive clianges.
ingenious cireuit. No electronie
experience needed to tollow our
clearly. {llustrated plans. TECH

shop. school. lab. Any set—any
size screen

FULL PLANS $2.
REICO, Dent. EW-6, Box 10563, Houston 18, Tex.
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Operational Amplifier

(Continued from page 54)

shown in Fig. 2. This plot is close to the
idealized curve for operational ampli-
fiers.

The amplifier requires regulated d.c.
voltages to prevent drift. The power sup-
ply is a conventional gas-tube shunt-
regulated type. Its outputs are + 150
volts, +300 volts, and — 150 volts, all
regulated, and —300 volts unregulated
(Fig. 4).

Coustruction Details

The unit is constructed on two 9%” x
57 x 37 aluminum chassis bolted to-
gether with the power supply in the
rear and the two amplifiers and the 6BJ7
triple diode in front. This two-chassis
arrangement provides excellent shield-
ing from 60-cycle hum. C5 and C7 are
can-type electrolytic capacitors. The can
of C5 must be insulated from ground
and should be covered with electrical
tape to prevent accidental shock to the
user. Most of the amplifier components
are mounted on a terminal board. Al-
though the zero-adjust potentiometers
are on the front panel, they could very
well have been mounted on the chassis
surface and have been of the screw-
driver-adjust type as they rarely have to
be touched.

All of the amplifier input and out-
put terminals, the triple-diode terminals,
and the plus and minus 130-volt refer-
ence terminals are brought to the front
panel on three-wav binding posts. It is
on these binding posts that the external
feedback components and other external
circuitry components are mounted dur-
ing use. The black binding posts nnder
the amplifier output terminals are un-
used.

The “on-off” switch, pilot light, and
overload indicator neons are also on the
front panel. The neon lights are inserted
in 5”7 grommets and secured with rub-
ber cement. They should be mounted
with one terminal directly above the
other. The upper terminal is grounded
and the lower terminal is comected
through the 910.000-0hm resistor to the
amplifier output. When the upper elec-
trode glows, a positive overload is indi-
cated and when the lower electrode
glows a negative overload is indicated.
After the front panel is cut, drilled, and
punched and bhefore it is mounted. it
should be sprayed with gray paint. Then
all of the symbols are marked on it with
India ink and a final coat of clear acrvlic
spray is applied to secure the India ink
markings. The rest of the construction
details are obvious from the photos.

Adjustment and Testing

After
wiring checked for errors,

the unit is completed and the
it may be

tested as follows. First insert all power-
supply tubes and turn the unit ou. All
three regulator tubes should light. Then
plug in the threc tubes of amplifier No. 1
and ground the two inputs. After a min-
ute’s warm up, it should be possible to
balance the amplifier. Set R7 to maxi-
mum resistance. Turn the zero-adjust
control, R1, slowly from one extreme to
the other. At some point the overload
indicator will change from a positive
indication to a negative indication. The
point where this change takes place is
the correct setting. If this condition can-
not be met, the two BAUG tubes are
probably not sufficientlv well matched
for this application. Try substituting
other 6AUG tubes until a pair is found
that will permit balancing.

Then connect the amplifier as shown
in Fig. 53A. Offset the zero-adjust control
sufficiently to cause a mid-scale reading
on the voltmeter. Note this reading.
Then decrease the line voltage by 10
per-cent by switching a 25-ohm, 3-watt
resistor in series with the power line.
The voltmeter reading will slowly
change to some new value as the tube
heaters cool off. This change in the volt-
meter reading should be less than one-
half of a volt. If it is greater than half
a volt, trv different GAUB tubes until a
sufficiently well matched pair is found
to meet this specification. Then restore
line voltage to normal,

To set the regeneration potentiometer,
R7, connect the amplifier as shown in
Fig. 5A, only with Ry = 10 megohms
and Ris 100 ohms. Use a direct-
coupled oscilloscope instead of the me-
ter. Slowlyv turn the zero-adjust control
back and forth to cause the amplifier
output to go into its upper and lower
limits, and steadily decreasce the resist-
ance of the regeneration potentiometer
R7. The zero-adjust control will get
more and more sensitive. Soon a point
will be reached where the amplifier out-
put suddenly switches from one voltage
to another and cannot be set to any
value in between. Back off the regenera-
tion potentiometer slightly from this po-
sition. This is now the correct setting.

Next connect the amplifier as shown
in Fig. 3B. The amplifier should provide
unity gain to the signal coming from the
audio generator and the output should
be free from any distortion or parasitic
oscillations from the lowest possible fre-
quency to 100 ke.

Repeat all the previous test proce-
dures for amplifier No. 2 and plug in the
6BJ7 tube. When tests are completed
the unit is ready for use.

Next month, some sophisticated nses
of the operational amplifier unit will be
presented, including a voltmeter cali-
brator, frequencv-sensitive feedback cir-
cuits, oscillators, a capacitance bridge,
multivibrators. and others.

(Concluded Next Month)
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ELECTRONIC
CROSSWORDS

By JOHN J. GILL

(Answer on page 92)

ACROSS DOWN
1. Electronic calculator. 1. They're used in computer oper-
11. Within. atons. . )
12. Type of press 2. Small change in the value of a
13. Sweep of the screen in a bie- variable. )
ture tube. 3. Adjective suflix.
15. Coi! dimension (abbr.). 4. ?witching tube used in radar
17. Girl's name. abbr.)
18. Peak-to-peak indicatar (abbr.). 3 TV network (abbr.).
L 6. Behold!
20. Inert gas. lectr b8 . )
21. Anent labbr.}. 7. An c:eclxon—)cam instrument
22. Thoughts {3bbir. b
2l R P o I 8. Information fed into a com-
25. Printer’'s measure. puter.
26. g!e‘f}hc element used in 9. Time required for an electron
ey to travel from one tube ele-
29. Decade. . p . ment to another
30. Tq !(3110w a moving object with 19 Tyvpe of memory system used
a TV camera. in computers.
31. Type of transistor. 14. By or near.
32, Printer’'s measure. 16. Russian “ves”.
33. Ynnkcgs won this perinant 19. Body which attracts iron.
(abbr.). 23. Type of two-way radio opera-
34. Unitls of work. tion.
35. Undirectional current (abbr.). 24, Compass point.
36. This commiltee was responsible 27. To hold constant.
for setting color-TV standards.  28. One billionth t(prefix).
38. Consuine. 35. Rectifier.
40. Preplanning of a computer. 3T, Ve_ry low resistance in a eir-
42. Inductive reactance on a cuit.
schematie. 39. Vesument.
3. Atomic No. 61 40. Complete turn in spiral-wound
| o cable.
4?' LF1ElY CRES! 41. Tube element.
45. Belonging to. 5 Within
47. ulx{n])uter nu-mbermg syslem. 46. Tron (chemical prefix).
50. Lile tendcnlmes.‘ . 48. Symbol for grid current.
51. Internal eylindrical cavity, 49. Small stream.
53. Seventh note in the scale. 52. One time only.
54. The 15th of March. 54. Part of ""to be".
55. Staiement in computer pro- 56. Biblical “yes”
gramming systen. 57. Type of transistor.
57. Momentary high-amp itude 58. Unit in which power line trans-
levels. formers are rated {(abbr.j.
59. Tvpe of circuit. 61. Chemical abbreviation,
60. Rule. 62. “Everything is .
63. Greek letter used to designate 63, 3.1416.
magnetic lux. 64. Greeting.
66. Digital computer mode. 65. Nol out.
I 2 13 4 Is e
i 12
13 iq
18 9
21 22 |23 |
25 26
29 30 | 31
S——
32 33 | 34 | | 35
S
36 37 38 (39 | 40 41 ‘
i
1 -
a2 43 44
45 |46 47 48 l 49 ' 50
51 (52 53 54
55 56 57 58
59 60 L 62 63 |64 |65 ‘
66 ‘ [ |
1 |
| J 1 L I T
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WHAT’S REALLY NEW
IN FREQUENCY STANDARDS?

The First Truly Low Cost Precision Citizens Band
Frequency Standard On The Market!

ONLY
$34995

F.0.B. Middletown

5 times more
accurate than

Eltec Model 600
FCC requirements

Eltec’'s Model 600, with amazing accuracy of .00029%
and frequency range 25 MC to 54 MC, exceeds FCC re-
quirements by five times. Now you can quickly adjust
frequencies of both transmitter and receiver with real
precision. Stability excellent over entire range; easily
checked against W.W.V. in the field. Calibration charts
furnished — no mathematics or interpolations. Ready
to go — nothing else to buy!

® 0 00O & 00 0O OO0 O OO OO O OO COCOOOES OO

Now A “Combination” “Secondary Frequency Standard”
5 ke F. M. Deviation Standard
And Signal Generator Output
The First Practical Approach To Meeting
and Exceeding Service Needs at 1/3 The Cost!

ONLY

$69590

F.0.B. Middletown

ELTEC ZERo-BEAT

ZERO-BEAT exceeds FCC requirements. Features: Range
25 MC to 470 MC; Accuracy — .000039%, as secondary
standard — .00029, as primary standard; no interpola-
tions; will calibrate new crystals or re-calibrate crystals
in portable frequency meters; will calibrate deviation
meters; dial settings for non-ailocated frequencies easily
determined in field; simple W.W.V. check in the field; light
and portable; operates on 115 V. A.C, 6/12 volt inverter;
no temperature correction charts.

LABORATORIES, INC. 12 Alsop Avenue, Middletown, Conn.

©Eltec Laboratories Inc., 1963
® 0 00 606000 O 0000 000 00 O 0000 OO0

CIRCLENO. 115 ONREADER SERVICE PAGE

QELTEC’S New MODEL 600!

OELTEC'S NEw ZERo-BEAT!"

0 06 & 00060 0006060 060000 00000 20 00

[ ]

o ORDER DIRECT OR SEND FOR FREE

° O Rush Model 600 Brochure BROCHURE
Phone ~Area Code

[

= L [0 Rush Zero-Beat Brochure 203.Di-6.8611

[ ] Name

T

H Company

e Street

[ ]

Py City & State

: C

[ ]

[ ]
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NEW PRODUCTS
& LITERATURE

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, simply fill in
the coupon appearing on page 19.

COMPONENTS e TOOLS e TEST EQUIPMENT e HI-FI ® AUDIO @ CB ® HAM e COMMUNI

HALL-EFFECT TEST KIT

F. W. Bell Inc. is currently marketing an
] experimental Hall-effect kit designed espe-
cially lor rescarch and development men. engi-
neering  and  physics professors and  teachers,
hobbyists. and inventors to acquaint them with
the hasic principles behiind this challenging ap-
plication of the maguetic ficld.

I"he BH206 Hall-Pak™ basic kit includes one
Hall-clfect device. one complementary  transis-
toriced amplifier on a cirenit board. a pair of
magnets 1o provide stable ficlds Tor testing and
for many Hall-cfiect applications. and a com-
plete instruction  booklet covering  theory of
operation,  demonstrations, cxperiments,  and
practical applications.

F'or those requiring more sophisticated devices
the company is offeving cight other “Hall-Puks
of varying complexity and price.

BROADBAND TV-FM AMPLIFIER
Blonder-Tongue Laboratovies, Inc, is cuir-
2 rently mmarketing a new broadband TV-FM
amplificr which has been especially designed 1o
overcomne coaxial cable and distvibution system

losses in television and N master antenna svs-
tems without signal degradation. The MLA-IM
is also suited (o use as a line extender in CATV
SVstems.

The device consists of two amplifving sections:
one covering TV channels 2 10 6 plus FA (low
band}. and a similar section for TV channcls 7
to 13, Each section features an individual gain
control and a preset control for bandpass Lilt
alignment. Gain is over 33 db on channels 2 1o 6
and FM and 10 db on channels 7 10 13,

The unit can be mounted c¢ither indoors or in
an outdoor honsing. Ruggedized tubes are also
available at a slight premium,

DUAL CAMERA SYSTEM
Beattie-Coleman, Inc. has introduced a dual-
camera system for high speed streak-record-

ing of oscilloscope traces on 35-mm. film and
simultancous pulse-recording on Polaroid film.

Known as the “Dual Oscillotron.” the new
yack-mounted system  records  extremelv  high
speed transients at speeds from 0 to 20 [.p.s.. in-
finitely variable through use of a “Variac” con-
trol. ‘The 55-mm. flm capacity is 100 feet and
the object-to-image ratio is 5 to 1. Throngh use
of a heam splitter, the same trace can be recorded
on 10000 speced Polaroid film ar  the
moment with an object-to-image ratio of 1 to 0.5.

same

HIGH-POWER PHOTOCELL
Delco Radio Division has developed a new
4 light-dependent resistor which is character-
ized by higher power-handling capabilities inak-
ing it suitable for a number of applications
herctofore impractical for this type of device.
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The

LLDR-25 permits elimination of rvclays
where the current required to operate a solenoid
is on the order of Y2 ampere. The unit can also
be used as @ speed control for fractional horse-
power motors.

The device is constructed of a thin layer of
sintered semiconductor applied to an almmimuon
oxide substrate. Hermetic scaling, which is nec
essarv to protect the device from moisture, is ac-
complished through the use of flm adhesives
and a glass cap. Carrent-handling capability is
V2 ampere and the power dissipation rvating is 25
watts. [t is designed to opervate dirvectly from
110 volts a.c. and is couservatively rated at 200
volts d.c. or peak a.c.

METAL FILM RESISTORS

Mecpco Inc. has developed a new scries of
5 rugged, low-cost, precision metal film re-
sistors which meet MIL R 55182 specifications.
The units, avatlable in Y8-. V4, and Ve-watt rat-
ings. are glass enclosed. hermeticalty sealed, and
helium filled. making possible muss spectrometer
test procedures.

Major areas of application lor this new Sevies
FH line are in acrospace and military electronics
as well as in svsiems vequiring high reliability
plus vesistunce to euvirommental extremes. shock,
and vibration,

VOLTAGE BREAKDOWN TESTER
6 Microdot Inc. is now offering a non-destruc-

tive qualitv-control tester for the quick de-
termination of d.c. voltage breakdown levels in
components as its Model 19014,

The new instrument limiis the time factor of
the test. vather than the amount of current ap-
plicd. Damage s prevented by automatically
shorting out the test teads before breakdown oc-
curs. The duwration of current avalanche through
the test speciinen is limited to 3 usce. A single
meter on the front pancel displuvs the amount of
voltage applicd 1o the test itein and follows the
voltage build-up to the actual breakdown point.

s it

The voltmeter’s memory circuit holds this read-
ing until another test is perforned.

The unit can be used for testing resistors. ca-
pacitors. tubes, r.f. cavities, transformers, and
insulation.

TRANSISTORIZED TV RECORDER
Ampex Corporation has just introduced a
fully (ransistoriced broadcast television re-

corder, the NModel VR-1100 “Videotape.™”

Designed especially for medium and small mar-
ket stations as well as mobile applications, the
VR-T100 is equipped for operation at cither 7.5
ips or 15 ips with complete interchangeability
of tapes with any broadcast television recorder
at cither speed. Self-contained in a single 607 x
217 x 12” cabinet. the recorder cmploys modular
construction for case of maintenance. A closed-
circuit version of this unit will also be marketed
by the fivm.

DYNAMIC DEMONSTRATOR
8 RCA Electvon Tube Division has added an-
other unit 1o its line of cducational aids
designed 1o help teach the principles of cteciron-
ics. the WE-93A(K)—a dynamic demonstriator
covering an AM superhet ransistor radio re-
ceiver.

The demonstrator uses specially designed sil-
ver-plated spring connectors to provide excellent
mechanical and electrical contacts for the various
componcents. In addition, the leads of the wan-

sistors, resisiors, capacitors, diodes, and othen
components can be temporarily removed  {rom

the circutt and then  easily veplaced without
soldering. Inoperative conditions can be simu-
lated by disconnecting one or moie component
leads. The solid mahogany frame and unfinished
stand measure 127 x 247,

LABEL EMBOSSING TOOL
Dymo Industries, Inc. has introduced a new
9 labeling device designed for commercial ap-
plications. Known as the M-35 “Tupewriter.” the
unit is equipped with clear “Lexan™ embossing
wheels. combined with an embossing head which
allows the operator to actually see the muchine
emboss white raised letters against the colored
plastic tapes. The embossing wheel itself has 14
chavacters: A through Z, 1 through 0. dollar and
cents signs. a per-cent symbol, commas. amper-
sands. and an apostrophe.
The tape magazine holds 120 inches ol tape
which is available in black, vellow. orange, red,
purple, grey, blue. green, gold and clear.

CLOSED-CIRCUIT TV CAMERA
] Sylvania Electric Products Inc. is now offer-

ing a new closed-circuit television camera,
the Model 8300, The new unit provides broadeast
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4 rugged. complerely transistorized.

in
lichtweight package suitable for business. indus-
trial, rescarch, educational, and military uses.
Incorporated in the conera are a transmitier
and a svnchronizing unit. A detachable rvear con- |
trol panel allows complete control of the camera
up 1o a distance of 1000 feet. Completely self-

quality

contained. the caumera vequives ondy a TV re
ceiver 1o provide a closed-civcuit link. The cam-
weighs 18 pounds and meuasaves

SO (G

era
6”7 x Sba”
SINGLE-JUNCTION POWER RECTIFIERS
Bendin Semiconductor Division is now offcr
]] ing a new series ol fonr high-voltage silicon
power rectifiers, JEDFEC tvpe numbers 1N3929
through 1N5032,

Iese single-juncrion.  ditfused  silican
ficvs huve peak veverse rotings of 1000,
2000, and 2500 volts respectively and i deliver
an onputl current of 1oamp d.co over an opa
ating temperature range af 67 to 175 de
grees G

Features include low forward voltage drvop of
2 volts maximum at I.—1 amp d.c. because ol
the single junction and low reverse avrent of
10 pa. des masimum wt the rated peak veverse
vollage and case temperatire of 25 degrees C.

recti-

These hivh-veltage rectifiers are mounted in |

a double-ended {langeless package.
BAR AND PATTERN GENERATOR
‘Iz Sencore, Inc. is now marketing o low-cost
portable colov-bar and patiern gencerator fo
home or shop service applications. The Model
CGL26 provides heved colov bars at NTSC pluses.
adjustable white dots, crosshatch, vertieal bars,

and horizontal bars. The desived panem s
SENCORE ATANBAND COLOM AR BEMIAAIOR %
T,
selected by connecting the instrument Lo the

antenna terminals, secting the TV set to channel
4. and diating any of the five patterns. Signal
outpnt Is adequate  to  override most
channels. Other low channels can be
if desived by simple slug adjustment in the rear

The it weighs less than 10 pounds and

measures only 117 x 87 x 67
‘I Terado Corporation is now offering a van
sistorized power inverter. the “Continental

Model #30-191. Designed to convert any 12-volt
car or truck battery to 110-voli. 60-cvele a.c.. the
unit provides 275 watts continuous or 300 watls
intermittent power without auxiliary engines or
generators. Teis designed to operate fluorescent
or incandescent lights. cash vegisters,  henely

selected

TRANSISTORIZED POWER INVERTER
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The wind blowe just ¢ hard
over your rooftop as it does

| over the poliee efation...

The exceptional popularity of our Magnum 27 Citizens Band Base An-
tenna is due in part to its towering resistance to the elements.
Nothing short of a tornado will damage it or impair performance.
Here's why:

The “Maggie” is mechanically identical to our ASP-330 Professional
Base Antenna — designed specifically, and fiefld-proven in thousands
of effective installations, to meet the super-critical requirements of
police, fire departments and essential industrial users of two-way ke
radio.

Same rugged, heavy-walled atuminum tubing, with telescope-interlock
feature for instant assembly and no bending . . . same quality solid 4
aluminum radials . . . same accurate, hand-finished workmanship

throughout.

“Maggie’” matches its professional twin in performance, too. End-fed,
1> wavelength. Through exceptional improvement of signal-to-noise
ratio, operating gain is 6 db. over any single element omnidirectional
CB antenna made. Very low noise. Signal pattern is intensified greatly
by low radiating angle.

We've told you what we know. Your friends with the biggest signals
on the air can tell you better. So can your CB dealer — see him soon.

M-81 MAGNUM

CB base antenna
The finest brand for every band!

¥
i

the { )
| antenna = < /&/
specialists ?‘/
company 2.

‘Siripes of Quality"

12435 Euclid Avenue, Cleveland 6, Ohio
Exp. Div. 15 Moore St., New York 4, N.Y.

gb%r Maggie won' fal
nagale” but 90ur ‘

sepour

New “JEUS™ portable power generator with only one
moving part. Alternator principle. 1000, 1250 and 3000

watl modeis. Write for complete information "

CIRCLENO. 101 ON READER SERVICE PAGE

“TO KILL A REWORK
PROBLEM”

With this new 100% portable hand tool used
in desoldering components on printed circuit
boards, many rework problems can
be eliminated. Soldapullt solder re-
mover reduces solder splash and
overheating of solder connectioris.
It also simplifies removal of muiti-
component terminal connections,
expediting component replacement.
Featuring a high impuise of 25 in.
of Hg vacuum and a self cleaning
tip, the Standard model is priced at
$6.98.

Write:

EDSYN, Box 868, Arleta, Calif.

CIRCLENO. 112 ON READER SERVICE PAGE
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110 VOLT
A.C. OUTLET?
In CAR, BOAT or TRUCK,

YOU HAVE IT WITH A

POWER
INVERTER

Actually gives you 110 volt, 60
cycle A.C. from your 6 to 12 volt
D.C. battery! Plug inverter into
cigarette lighter, and operate
lights, electric shavers, record
players, electric tools, portable TV,
radios, testing equipment, etc.

Frequency stable within one cycle.

Models from 15 to 600 $'|295
LisT

watts, priced as low as

See Your Electronic Parts Deoler or Jobber, or Write:

CORPORATION

1058 Raymond Ave,
St. Pautl 8, Minn.

In Canada, Atlas Radio Corp. Ltd. — Toronto, Ont
CIRCLE NO. 139 ON READER SERVICE PAGE

®
TRANSISTOR
IGNITION

READY-TO-INSTALL CONVERSIONS

YOU can get TOP MILEAGE, HIGHEST PERFORM-
AMCE, LONGER POINT & PLUG LIFE, BETTER WIN-
TER STARTING, and MANY OTHER ADVANTAGES with
one of our [NEXPENSIVE TRANSFIRE systems.
These include HERMETYICALLY-SEALED AMPLIFIER,
HIGH-RAT!O COIL, BALLASTS, Leads & hardware.

MODELT 6 or 12v. neg. grd. ....... $39 95
MODEL T2 TWO TRANSISTORS,
250:11 'COil anln wrwwmaaemn Ntk a e $44.95

MODEL TP 6 or 12v. pos. grd. direct

installation wo. insulating points .. $54.95
MODEL TS Special, 40kv system . ... $59.85
MODEL TS?2 TWO TRANSISTORS,

400:1 COil .o $49.95

TWO-TRANSISTOR KITS Everything needed to build
conversion. Includes transistors, coil, ballasts
heat sink. decal, etc.

KT2 with TX250 coil for 30kv output . $34.95
KTS2 with T400 coil for 40kv output . $39.95
KT1 one transistor with 400:1 coil . $29.95

6 or 12v. Negative-ground only. Point insulation
kit adapts to positive ground, $2.50 pp.

1 oz. Epoxy potting piastic in mixing bag $1.95 pp

HIGH-RATIO IGNITION COILS with free circuit dia-
gram

TX250 Heavy duty coil 250:1 ratio ... $ 9.95

T400 HIGH EFFICIENCY 400:1 coil for
HIGHER OUTPUT and, or LOWER
TRANSISTOR VOLTAGE ........... $14.95

FULL LINE of PARTS at NET PRICES.

Free lists. Dealer opportunities. Marine models
available. When ordering, specify volitage and car.
Add postage for 4 (bs. on kits and conv’s; 3 Ibs. on
coils. $5.00 deposit with COD's.

PALMER ELECTRONICS LABORATORIES Inc.
CARLISLE 1, MASS. 617—AL 6-2626

CIRCLE NO. 145 ON READER SERVICE PAGE
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grinders, soldering irons, clectric drills, tape re-
corders, TV and radio scts, or any other clectrical
appliance whose load does not exceed 275 watts.
Frequency is maintained within 14 cycle by
means of a tuning fork or reed.

The unit is housed in a copper-clad steel case
which measures 1034”7 x 6” x 6”. Shipping weight
is 30 pounds.

CAPACITANCE-RESISTANCE ANALYZER
] Lafayette Radio Electronics Corporation is
currently offering a new capacitance-resist-
ance analyzer as the Model TE-46.

Factory wired and tested, the instrument has
an over-all accuracy of =5%. It has four direct-
reading scales for capacitance and resistance:
00002-.005 uf., .002-5 uf., .2:50 uf., and 50-2000
uf; 2-600 ohms, 200-50.000 ohms, 20,000-ohms-5
megohms, and 5-200 megohms.

The instriment measures power factor of clec-
n'o]ylics, shorts, opens. and  leaky capacitors,
Fwo transformer turns-ratio scales are 1:1 to
10:1 and 10:1 to 200:1; iimpedance ratio scales

are 131 1o 100:1 and 100:1 to 10.000:1. A magic-
cye tube is used as a capacitance-resistance indi-
ciator while @ meter is provided tor veading d.c.
leakage and insulation.

The analyzer which measures 1018”7 x 77 x 514”7
cones complete with test leads and instructions.

INDUSTRIAL BINOCULARS
Designs for Vision, Inc. is now offering a new
] type of magnitving spectacles for use in
industrial production and the inspection of fine
parts,

Known as “Huague Industrial Binoculars.” the
new glasses have a magnilication of 2.5x and the
focal length can be set for 117 177, or 21”. The
viewed area measures 312”7 on a side at a focal
istance of 177, The depth of focus is more than
o

I'he units are especially suited Tor industry
applications involving transistors and small as-
semblies, miniaturization in guidance sysiems for
missile and space work, and in clectrical conpo-
nent asseinbly.

VARIABLE-CAPACITANCE DIODES
‘I Sylvania Electric Products Inc.’s Semicon-
ductor Division is now offering a new series
ot high-efliciency v.h.f.-u.h.f. variable-capacitance
diodes (lcsigncd especially for a.Le.. rf. tuning,
low-frequency harmonic multiplication, !imiling,
switching, and phase shifting applications.

Designated the D4500 series. thesc siticon epi-
taxial varactors feature three quality levels based
on maximum series resistance. In addition to the
choice of cight voltage breakdowns (from —6 (o

120 volts) and capacities ranging from 0.5 to
30 pf.. the diodes are offered in three series re-
sistance categories. A total of 168 types is avail-
able at the present time.

HAND-SIZE WELDING TORCH

Printed Circuits, Inc. is now marketing a
] new hand-size welding torch which uses two
miniature compressed gas cartridges to produce

a pin-point accurate welding flame of 1000° I
Tradcnamed “Microflmine,” the miniature car-
tridges contain approximaiely a two-hour fuel
supply and ave casily replaced by aeadily avail-

|

able substitutes. Precision controls, which accn-
rately regulate the gas mixture, also twrn the
torch on and oft as often as nceded.

‘BRIGHT-DISPLAY SCOPES
‘]8 Du Mont Laboratories Division is now ol-

fering three new high-brightness cathode-
rav oscilloscopes in its high-frequency 765 tran-
sistorized series. All
three instruments are
clectrically identical
and feature the com-
pany’s newly devel-
oped frame-grid 13
kv. cathodc-ray tube.
The instruments
differ in nechanical
configuration. The
Tvpe 767-H is for
riack-mount use: the
766-H is for bench
and portable applica-
tions, while the 763-H
is for truc ficld portability. All of the scopes
have a frequency range of d.c. 10 25 mc. with
present plug-ins. Other plug-ins will soon be
made available to increase the bandwidth to
100 mc.

15-WATT HEAT CARTRIDGE
‘] Ungar Electric Tools is now markcting its
“Imperial” 13-watt heat cartridge with four
specially designed micro-tip thread-on soldering
tips for wicrominiature soldering applications.

The four thread-on soldering tips are oftered
in the following configurations: tapered screw-
driver. stepped spade, stepped chisel, and stepped
pencil. All ot the new tips are iron clad and 24-
karat gold plated. The new 15-watt cartridge is
designed 1o fit the company’s vegular “Imperial”
handles and cord sets.

HI-FI—AUDIO PRODUCTS

INTERCOM EQUIPMENT
2 Fisher Berkeley Corporation has just intro-
duced its newest “Ektacom” intercommuni-
cations equipment as the Scries G-3.
Featuring solid-gold switch contuacts, the new
units in the line have been life-tested for over
5 wmillion switching cycles and are guarantced
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for two vears. The amplifiers ave fullv transis- Wh r
torized and have o push-pull output of 5 watts. FOR “DOCTORS OF £ ere ere s
Offcied as standmid cquipment in capacitics up o d
10 48 stations. special order units mav he had SERVICING a c ntact
0 ananm
or a relay...

with capacities up 1o 400 stations. Special “Talk-
Listen’” switches ave employed.

Service with Contact Shield! Pro-

tective! Corrective! It not only
cleans and safeguards contacts bet-
ter on TV, radio, and hi-fi sets; on
all relay-operated electrical equip-
ment, regular protective mainte-
nance with this versatile cleaner
prevents sticky relays—while cor-
rective servicing unsticks them...
in seconds. Promotes greater con-
ductivity, keeps relays working
smoother, longer. Contact Shield—
the professionat service man's
cleaner.

FM STEREO RECEIVER KIT
2] Harman-kardon, Inc. has added an FM

stereo receiver to its line ol build-it-yourself
high-fidelity componenis.

The “Award FA3OXNK™ receiver kit is a com-
bination of sterco tuner. preamplifier. and power
amplifier on a single chassis. The unit delivers
30 clean watts ol program material.

The TM scction consists of a sensirtive wide-
band circuit and includes 2 new multiplex scc-
tion with o frequency vesponse of 15-15.000 cps
=+ 1 db and 30 db sterco separation. The circuit
also incorporates a.f.c. while an FM stereo indi-
cator light permits visnal identification of sterco
broadcasts.

The kit package is a complete, portable minia-
ture workshop. Fach component is placed in the
scquence in which it is used. Wires are pre-cut
tube sockets and terminal strips arve viveted to
the chassis. The vf.and oscillator stages are pre
assembled and factory aligned.

PORTABLE SOUND-LEVEL METER
22 - H. Scott, Inc. is now offcving the Model

)0 portable sound-level meter Im a varicty
of applications in inspection, measurement, and
development fields.

This compact  instrumnent. which  mcasures

APPLICATIONS
INCLUOE:
o Bowling Alley A
o Vending Machines
o Slot Machines @ Telephone

ytomatic Pin Spotters
o Pinball Machines

SILICONE
Switchboards

B ASE

2787267 and weighs only 23 ounces. is designed :
§ 8 3 r data
10 operate up to 25 hours on a single 22.5-volt Q'tANs' &S o IBM Computers. andr?tthe
batiery. The circuit is completely transistorized .2 ang - BRICATES pmcessmg equipme relays, such as
and features a selbscaling, step-type attenuitorn. j OTecTs ° \ndustnal Eqmpmenttélsmg
etc.
l welding machines,

For handy guidebook to better servicing, write Channe! Master Corp., Ellenville, N.Y.
CIRCLE NO. 107 ON READER SERVICE PAGE

F IT'S ELECTRONIC, GET IT FROM GOODHEAR

“Can’t beat it for sensitivity and selectivity . . .
a beautiful receiver ... this is it.”” J.P. Broderick, N. Y. City

Best surplus Communications  Receive to use. 6-pos. sclechvlty Includes xtl
cr for SHNART-WAVE LISTENERS and tilter & phaser. Noise Imtr. S-Meter.
AMATEURS. Hallicrafters /Belmont AF & RF Gain controls. AVC/MVC.

R-45_ ARR-7 turnes 550 ke continuous voice. MCW & CW w/Pitch control.
to 43 mc In 6 bands. 11 tulics plus HAS EVERYYHING‘ I 9 50
rectif. Input 1i5/230 v, 5060 cy. foly San Antanio

UNUSED. modified and aligned ready Time Plan: $17.95 down. 11 X $16.03

The fnstrument has a built-in erystal diaphragm FREQUENCY-METER BARGAINS ADD DIRECTION FINDER T[] YOUR RECEIVER
1ey ] B R . JES Navy, LM., .125.20 mc w. matching hook, Navy DU-1: Compact; iotal only 7 (hs. 11 loop. 417"
microphone and direct-reading scale to minimize xtl. schematic, instruct., 100% grtd . .. $57.50 f 20 Cacie. CEVasK s tune 0.2 o, 1.6 me. w in.
L - A - oL 1 . AC P § Lt f E ) . silic structions. modify to 3 mc. Take B+ from receiver
reading crvor. The instrument is designed in such o O omodity e e 0 W/LM pluk. 51088 | vou use it with. True bearing in ¥ seconds, $90 95
a wav that it can be calibrated by a [17-volt a.c. LM w 'Navy pwr snly & cords, ready to ase .. $72.50 f§ "o 180-dcg. ambiguity. )
“l](_‘ ’ OK LM w./readable but ragged calib. book . . . . $g9.§g
d OK LM w’/xtl but no catibration hook $27.
The Vodel 430 i o R BC-221 OK, i, cal. hook. unmedulated $57.50 RECEIVERS AND PANADAPTERS GRTD 0K
50 is suited for noise survevs. to L oo B .
X i ampkin 103 made special for NBS; Lampkln will con BC453B: 190-550 k¢ 6-tube sL.pL'rllet w 85 ke IF's.
measire dispersion pattern and level of repro- pertmtogstandanuincyy Sl 03B oy only $110. ¢47 50 § ideai as 1ong-wave rcvr. as tunabie ERASE20dRCOnS
or to =1058 for $140. Only . vert. W all data. CHECKED ELECTRICALLY' $|
duced sound from p.a. and theater sound sys ;2 1;2 070174 gloth(’r 1007 OK, only. . .. 5150-0% Grtd. OK! 11 Ibs. fob Los Angeles
- oA ) " — — -186. 100-10.000 MC. xtl. .01% . .$205.00 0 O e et DWT Dy SDRT.
tems, to ([Ll(.lll?lnc'Cll).iSOV('l characterisiics and Gen. Radio =520A, 10-3000 MC. xtl. .01% ..5199.50 § ore randy to are S our ax-835.18 tha. $37.50
dvnamic ramge in hi-fi installations, and to check RBS: Navy's pride 2.20 mc 1-‘-tunocéup'ern|m has
= - . . - voice filter for low noisc, ear-saving AGC. high sens.
conformity to specifications of air conditioning READY-TO-USE TEST SCOPE BARGAINS 8 seclect. IF is 1255 kc. Checked, aligned. w pwr

sply. cords. tech data. ready to use. fob
Charleston, S.C. or Los Angeles $69 50
Low Freq.: DZ-2 superbet 15 1750 k€, w, schemr $79.50
! RBL-(*' TRF. 15.600 kc. w/schem $150.00
High Freq.: APR4 rcvr. piug. hook. tuning
nits. 38-1000 mc $I79 50
{Add $30 for AM FM. TN-19 & 54 to reach 4 kme, PUR.)
400 ke Panadapter RBV-1 w 115 v 60 ¢y sply $ 49.50
455 ke, 514 mc. 30 mc panad. APA-10,

ventilaiing, and fluorescent lighting instatlations.

CARDIOID MICROPHONE
2 The Turner Microphone Company is now
in production on the new cardioid micro

phone. the Model 500, Responise is 40-15,000 ¢ps 300 cy sply oy o oo .slgg.gg
with output 55 b oat high impedance. 30 mc Panadapter RDP, 115 v 60 cy sply . ...$1S0.
e microphone mecasares 6-13/16” long and - ;
3 g B . o, i
is 1-17/827 in diameter. Ttis 12-0unce weight TS-34A/AP: triggered plus froe-running sweeps 10 to 0.1% SORENSEN Line Voltage Regulator
i N e . 50.000 cy. *1 db 40 Cy to 215 mc. 2AP1 = . ;
makes it suited to boom operations in clubs. CR plus hooded mngnif.yluns. fan Newark . . $49-50 C.F.‘.’.‘;'iss 'S%}," avg“"gi' 'ﬁ,a.((:
- ; S . ’ " .
auditorinms. and vecording applications, as well gif‘_f,'s"'3°5"éyog o SR mz' cgg'g""s‘b S e O taut D
as in fixed-station co icati Like new, w/cacrying case. only - ' 120 v. nolds to 0.17%.
¢ ConTuTEIRions? TESK{RONIX sconles. cheﬂ(eld clcan gudrtd $185.00 Harm. Iels; than 3R"',.IRT‘-
=51 10 cy v 10 mc, only. . . . covery . sec. egularly
=511A, 10 ¢y to 10 mc, only. . . L. .....%215.00 [] $695.00 less snﬂrt-csk- N;:é
Hi-FI SPEAKER KIT -511AD, sams plus Delay Line. only. . ... .. $250.00 [| ¥ 5Pares orig. pa 349 50
2 Neshaminy Electronic Corp. is now offering foh Utica ) :
R g 10005, 1 kva
a complete high-fidelitv svstem sub-assembly ISOLATION AND/OR STEP-UP/DOWN XFRMR fob Los Angel . $179.50
designed for cusiom installation in existing cabi- | | 752 SVAL G E; 5788501, Primary 1157230 50 g0 § 21500 special 130 to
v . - o S o 4 | Exc. condition, td OK. +0.3°% line & load. 110-
nets, bo()LrC(ISC\. or walls, Instructions are also R R, s O e — $69.50 § 563 v5. "mex %5 00 Nistort.
ovi - buildine i Hve o fol
provided foy )}111“"'.~ inexpensive shell model orwalk, Conn.
and console cabinets to accommodate the speaker PLEASE ask us tor your SPECIFIC needs in Equipment § Sola 500 va. $49.50
or in Schematics Tech Manuals., YOU NAME IT! 117 v. Los An. -

system.
Marketed as the “Jankit 51,7 the speaker uses |
the firm’s “JansZen” clcglx()sl'alic mi(lIA :m(;’]h?gh\- l R. E. GOODHEA co. P. o. Box lzzo-A BEC‘QEI:}.F.;R':{IIL:S
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NEW STEREO

HEADPHONE CORDS

10FJ84 Connected to
o Stereo Headphone

Switchcraft’s low cost, lightweight, molded
stereo headphone card assembly.
Recommended for replacement on most Stereo
Headphones; a direct replacement for Jensen
HS-10 and Knight KN-840. Standard 3-conduc-
tor Phone Plug to stripped and tinned leads.
Part No. 10FJ84, 5’ cable—U.S.A. List
Price $2.95.

NEW MONAURAL HEADPHONE CORDS
Replacement use on most monaural head-
phones. Direct replacement on Brush BA-200,
BA-205 and BA.206 headphones and RCA
M1-381078. Parallel wired. Part No. O05KF88,
3' cable—U.S.A. List Price $3.00.
Part No. 05KJ88, 5' cable—U.S.A.
Price $3.20.

Contact your decler or write us for
o name of dealer nearest you.
.

List

@®

5577 N. ELSTON AVE. .
CIRCLE NO.

CHICAGO 30, ILL.

138 ON READER SERVICE PAGE

GETTING CROWDED?

IDEAL FACTORY LOCATED IN UNCROWDED CEN-
TRAL CONNECTICUT — ELECTRONICS ORIENTED
LABOR MARKET — UP TO 50,000 SQ. FT., SPRIN-
KLERED, HEATED OR UNHEATED, AMPLE POWER
WATER, RAILROAD SIDE TRACK, MAIN LINE ROADS,
CONSCIENTIOUS LABOR MARKET TAKE PRIDE IN
THEIR COMMUNITY: METROPOLITAN AREA WITH
GROWING PAINS, THUS REPRESENTING A VERY
FAVORABLE TAX PROGRAM FOR INDUSTRY.

SELL OR LEASE. Box 158, TAFTVILLE, CONN.

ADVANCE ELECTRONICS

SILICON CONTROLLED RECTIFIERS TESTED!

PRV T7AMP 25 AMP PRV 7AMP 25 AMP
200 2.50 3.75 450 4.65 5.35
300 3.35 4.35 500 S5.10 5.60
400 4.25 700 6.75 7.25

4.95
Otner Sizes Avallable on Reqauest

SIEICON RECTIFIERS -——TOP HATS
750 MA 200 PIV.. .10 for $4.25 — 5 for $2.25
SILICON DIODES — GERMANIUM DIODES

‘77-;"’N-Gormanium Mesa Transistors
F max—250 Mc-BV-10V ... 10/%5. 100/%39.

PANEL METERS
Large assortment. 2, 3”, 4”. Prices on request.

VARIACS
1 amp $5.50—3 amp $8.95—71, amp $14.50
10 amp $20.95—20 amp $35.00

RG-8/U CABLE — RG-8/U CABLE —
$7.75/C FT. $70/M FT. — CONNECTORS —
PL-259__ 6/$2.79 $0.239 — 6/$2.49

All Shipments FO8 NYC

ADVANCE ELECTRONICS

79 Cortlondt St., New York 7, N.Y. RE 2-0270

90

[ frequency tweeter in a single-radiator version
that reduces cost and eabinet space requirements.
The tweeter iz acoustically paired with a special
11” Mode! 330A dvnamic woofer. Both units are
pre-assembled to a rigid 167 x 207 high panel
that mav be used as the {ront panel ol the
speaker cabinet if desired. Both speakers may
also be dismounted and used separately
Frequeney response of 3030000 ¢ps is pos-
sible even in infinite-batlle cabinets as swmall as

2 cubic {ecet

Vernon Audio Division has made its debut
25 in the hi-h field with the 47 26 stereo tape
recorder and audio center. The recovder is com-
pletely rransistorized and uses 47 transistors and
26 diodes. The unit provides tape speeds of 7.5
ad 3.75 plus a 707 position {or use as an ampli-

STEREO TAPE RECORDER

ticr only. Freguency response is 30-20,000 ¢ps
3 db @ 7.5 ips and 30-15.000 cps + 3 db
L7 ips.

[ The cirenir provides 10 watis of audio power
per channel. alkelectronic switching. independent
adio power sonree for other hi-fi componenis

| & complete p.a. svstem. three separate tapeheads
and motors. two separate recorvding and play

| back amplificrs. monitor facilities, three indi-
vidual inputs per channel with simultancons in
termix. outputs for preamplifiers and external
speakers, plus  two  specially  loaded.  built-in
speakers.

I he instrument measures 153247 x 131
over-ali and weighs 44 pounds

” =t

X '8

| THREE-WAY SPEAKER SYSTEM
Rek-O-hut Company, Inc. has developed a
26 three-way  speaker svstem which  measores
only 4127 x 117 x| his speaker complement
includes an 8" high-compliance woofer. a 67
mid-range “impact™ speaker. and a 2" come
tweeter with high-pass network filter that crosses
over at 3000 cps.
Frequency response of the “Sonoretie” Muodel
$:30 is 75:16.000 cps. 1t is capable of handling
up to 20 watts of program matevial. Vhe cabinet

is hmished in oiled walnut and the niit contes
conplete with volume control for adjusting
sound levels 1o personal listening  preferences.
McMartin Industries. Inc. has recently in.
troduced two completely transistorized am-

pliﬁcrs specifically designed for commercial sound
| applications.

COMMERCIAL SOUND AMPLIFIERS

Ihe LIS0A s an Swint anit which provides
12 watts of program material. Frequency  re-
sponse is 20-20.000 cps + 3 db with distortion
less than 1%. 50-15.000 cps.

I'he Model 11300 (photo) is a 32-watt con.
tinuons-duty amplifier with separate bass and
treble controls and two microphone inputs, high.
or low.impedance.  Freqneney  response is 20
20,000 cps + 3 db with distortion less than 1%
1-50.000 cps.

Available phig-in accessaries inclnde shielded
co.ohme input  nransformer: phono  preamp.
cquitlized tor magneric. cerantic. or crystal cat

wridges: and progrian. preamps

Electronic Applications. Ine. has announced
28 the availability ol a high-trequeney submin
iature capiacitor probe microphone with vesponse
to hevond 50,000 ¢ps.

Mounted at the end ol a sureamlbined probe
the Model ChS4 probe asscinbly has a 4.4 mn
N7y dimerer capacitar microphone. Response
of the unit extends from audio up through
55000 ¢ps. making it uselo! for manual sound
high-frequency analysis,

\ drec-ficld civve of response is supplied with
cach unit. The wuit produces 0.05 mv./microbi
The microphone-amplifier unit (V-60) cn he

cither banery operated or a.c. powered.
Minatronies Corporation is now offeving a
vest-pocket. solid-state 1M wireless micro-

phone whose range exceeds 200 eet lor neise-lree

CAPACITOR PROBE MICROPHONE

FM WIRELESS MICROPHONE

apevation to over 600 leet when conditions ave
favorable

Power input to the hnal stage is 100 mw.
making it a license-tvee device. The transmitter
measures 787 x 2027 x 3V4” and weighs 10 ounces.
I'he microphone and 1eceiver arve designed to bhe
nsed i conjunction with anv pa. system. Tre-
quency range is 27.23 1o 43 mc. with 20-ke.
deviation.

TWO-TRACK MONO RECORDER
Lmerson Radio Inc. has released o low-cost
3 two-track mona  recond-play  tape recorder
which has been designated the “Velectro™ Maodel
NMN21S.

I'he instrument. which has a 7-inch reel ca-
pacity, incorporates a G-watt peak-power ampli
fier. There is a single-knob Tunction control.
record indicitor. and input and output jacks.

1'hie recorder is howsed in a rugged leatherette-
finished cabiner with saddle stitching. It weighs
16 pounds and comes in brown with white trint.

Roberts Elecironics, Inc. is otlering a loreign
3] language servies on tape that is designed for
group or individoal study. Four languages are
heing ollercd—-lrench. Spanish, Gernman. and
Russinn, The language series includes up to 48
lessons, covering 20 hours ol instruction by native

tciachers.
I'he tapes are designed for fowr-track. 3.75-ips

TAPED FOREIGN LANGUAGE COURSES

ELECTRONICS WORLD



sound-with-sound recorders so students can re-
cord along with the teacher for conversational
practice and comparison of pronunciation. The
written text is in the form of a packetsize
manual which can be carried along on trips or
for away-from-home study.

FM-AM MONO TUNER
Sherwood Electronic Laboratories is on the
32 market with a new FA-ANM mono tuner, the
$-2000 ITI. FNI sensitivity is rated at 1.8 av. tor
30 db quicting and distortion (IHT). This
performance has been obtained by using a gated-
beam  zero-time-conscant  limiter and  balianced
ratio detector. A captine ratio of 2.4 db is
achicved on FAL
The instrument incorporates a.f.c. with a
{ront-panel  disabling switch. flvwheel assisted
dial pointer movement. 3¥4” communications-
tvpe dial. and an “Acro-heam” tuning indicator.
The tuner is offered tn a walnut-tone learher-
ctte-finished metal cabivet: as a chassis with
deluxe front panel for cnstom installation: of
with {unctional hammertone grev modular rack
mounting panel for inuallation n standard
relay racks. The tuner has 12 wubes plus rectifier
and neasures 14”7 x 47 = [0V8",

FOUR-TRACK STEREO RECORDER
Roberts Electronics, Inc. has deseloped a
33 maoderately priced four-track sterco tape re-
corder which is being marketed as the Model
1035.

Features include four-track sterco and niono
record/playback. two-triack stereo and mono play-
back, dual seli-contained stereo power amplifiers,
casv-to-read vu meter with simple A-B switch,
record switch with safetv interlock o prevent
accidental erasure. sterco preamp outputs to sim-
plify custom installation iu an existing hi-fi sterco
svstem. automatic shut-off. index counter, and
dual-speaker ouput jacks.

The unit yecords ar 7.5 and 8.75 ips and a 13-
ips accessory kit is available. There are two high-

impedance mike inputs: two high-impedance,
high-level vadio-phono inputs; two high-imped-
ance outputs; and (wo 4-16 ohm outputs for
cxternal speakers or low-impedance sterco head-
phonecs.

CB-HAM-COMMUNICATIONS

RADIO/TRANSMITTER-RECEIVER

Realtone Electronies Corp. has recently -
34 troduced a compact, hand-held unit which
incorporates a broadcast-band receiver and CB
transmitter-receiver in

a single housing.
The Model #TR-
6134 uses  high-level
and low-level mmoduta-
tion to obtain pcak
performance for

longer range trans-
mission, resulting in
100% lincar ampli-

tude modulation with-
out distortion or caus-
g interference with
other channels,

The circuit uses
cleven transistors and
two crystals with in

3 5 put ot 180 mw. in the
CB service. The unit vequires no ficense and its
range varies from onc to three iniles depending
on terrain.

The instrument incorporates a 2L2” dynamic
speaker which doubles as a microphone for
transinission. a 5% foot telescopic whip an-
tenna, and an earphone attachment for private
listening.

BASE-STATION CB UNIT
Radio Shack Corporation has added the
35 TRC-8 transceiver to its line of CB cquip-
ment for basce-station operation in homes and

. 7

othices and for use in boats, cars, and trucks.
The 'Realistic” TRC-8 utilizes the maxinnom

5 watts of power to boost voice signals to ranges

ol 15 miles or more under favorable conditions.

The unit conforms to all FCC regulations cover-

ing CB communications.

I'he multi-stage transmitter provides eight
crystal-controlled channels from 26.9 to 27.3 mc.,
sclected by a (ront-panel switch. It has a fre-
quency stability vated ar 0.005% or less,

With an extremely high receiver sensitivity. the
dual-conversion, dual-powersupply  manscciver
provides high sclectivity and low adjacent-chan-
nel interference. The circuit includes an anto
mmatic noise limiter. tuned r.f. stage, built-in
combination “S7 meter and power input meter,
and planetary-drive tuning.

The company is offering this wnit in cither kit
or factory-wired versions,

TRANSISTORIZED U.H.F. MOBILE
Motorola Inc. has announced the availability
36 ol a transistorized mobile two-way radio
designed for operation on the u.h.f. frequencics
in the 150470 mc. range.

Knowi: as the "Motrac™ FM radiophone, the
mobile unit is the featured item in the new line
of u.h.f. cquipment which also includes 65- and
100-wart base stations, standard model vepeater
stations. and a new high-gain antenna.

\vailable in 20- and 35-watt mnodels. the new
mobile radio features complete transistorization

-~

Reprint of:

zens Band service.

SERVED BASIS.

Full Color Giant Fold-Out
Charts Still Available!

Here’s a complete series of colorful, authoritative fold-
out wall-charts (originally appearing in the pages of
ELECTRONICS WORLD)—yours for only 15¢ cach.
All in full-color—cach suitable for framing.

2. Hi-Fi Crossover Network Design Charts: Tells how -
to build speaker nets for any crossover frequency.
Complete coil-winding data, capacitor values given.
Bass-Reflex Design  Charts: Complete data on
building own Lass-reflex enclosures tor any speaker,

map of amatenr prefixes by calls and countries.

7. “Build a Citizens Band Transceiver’—complete de-
tails on building an 11-meter transceiver for Citi-

IMPORTANT: ORDER BY NUMBER! OUR SUP-
PLY OF THESE FOLD-OUT CHARTS LIMITED. ey e o
OFFERED ONLY ON A FIRST COME, FIRST

Serrd 15¢ per selection to
ELECTRONICS WORLD
Box 378. Church Street Station, New York 8, N. Y.

y
including ducted-port enclosures. W
5. Radio Amateur Great Circle Chart: For Hams and - RUGGED. :
short-wave listeners—gives complete listing and DEPENDABLE :

¥ Quality

15 Watt Construction

vice (26965.77 225 MC Band

Write for
your dedaler,

July, 1963
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* Performance
* Dependability
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mplete techwical manwal and hrochure
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GENERAL RADIOTELEPHONE COMPANY

Dept. 4 3501 West Burbank Boujevard. Burbank, Caltfornia
Phone: 8436891  Area Code: 213

119 ON READER SERVICE PAGE 91



Multicore Sales Corp. Port Washington, NY.

For information, write Department MG-43
CIRCLE NO. 128 ON READER SERVICE PAGE

NEW 1963 TWO-WAY RADIO

5 TRANSISTOR TRANSCEIVER
CITIZENS BAND

Hams. Hunters, Rang-
ers, Construction. Farm-
crs, Boating. Sportsmen.
It's o genuine ¢ 1
transistor  facto
walkic-talkie at o pleas-
antly low price. Has
sensitive  super-regene
ative receiver and cerys
tal-controlted  wransmit-
ter with maximum legal
power citizens band
transceivers, built in
215" speaker.  Remov-
able whip antenna, S
sections, cxtends to 9§
30”7, Atractive  durable
steel case 6x234 x 114”7,
Compact hand held unit.

Specially
Priced At

$10.75 e

Fully guaranteed.  No

license  required.  Ship- i W 8 N

b A " % o

ping weight 15 oz Mg, Wit oy Stery, pius

m U.S.A. and handling
WARREN ELECTRONICS CO.

83 Chambers St., Dept. B, N.Y. 7, N.Y. W0 2.5727
No C.0.D. Send Check or Money Orde:

s
The 315A is an efficient con-
verter for non-critical installa-
tion with home or auto sets.
Available in two ranges. 26-54
or 115-170 MC. Tunes 12 JAIC in
low range 30 MC in high range.

Specify range. $ l 4 95
[ ]

315A/T same as above but for use
small AC-DC table sets delivers audio.

$14.95
Order today or send for free catalog on full line
of converfers and receivers for every application.

KUHN ELECTRONICS
CINCINNATI 17, OHIO

with

of the power supply and veceiver and partial
transistorization of the transmitter. Current drain
on standby is less than V& anp and the radio can
be twrned on without idling (he vehiclte engine,
thus saving gasoline and reducing engine wear
and tear.

COMPACT CB UNIT
RCA Electron Tube Division has announced
37 the availability of a new CB radio which
has been designated as the “Mark VIIL™
Featuring low. slim design which facilitates
installation in extremely crumped locations, the

new [RZ G
Weight ol the unit, inchiding the impact-resist-
ant microphone. is 8 pounds.

The instrument operates on 117 volis ac. Sep-

nrcasures o

unit

(Wo-wiy

| arvzte dees power supplics for 6- or 12-volt mobile

operution are available as optional cquipment.
One of these power supplics mav be mounted on
the frewall of the vehicte as a permanent instal-
Lation and the unit moved between the ¢ and
base-station locition at will.

TELEMETRY COAX-STUB ANTENNA
Teelhmical Appliance Corporation is now of-
3 fering a vertically polavized coaxial-stuly an-
tenna with 2V47 diameter tubular efements for
telemetry applications in the [requency vange of
220-400 mc.

Ground-plane rods of this antenna are angled
87 degrees for optimum radiating pattern. Pres-
surized o withstand 50 pounds per square inch,
the antenna hus an impedance of 52 ohms and a
visowor under 2:10 Dismeter across the ground-
plane rods is 237 and over-all 16",

Connection is with a tvpe "N
Regency Elcctronics is now marketing a new
39 CB ansceiver for two-way radio connti
cation with greatly increased coverage and crystal-
concrolled selection of all 23 CB channcls.
Known as the “Range Gain’ rransceiver. the
circunit includes a double-sideband reduced-carrier
feature that mukes the horvizon a reasonable op-

height s
connector.

23-CHANNEL TRANSCEIVER

criating range for CL conununications, The unit

delivers maximum  power within FCC regula-
tions. Alt 23 CB chunucels can be selected with a
single control for both tunsmit and receive,
Equipped with it dual power supply. the unit
can be used cither as o mobile or base station.
I'he transceiver weighs 13 pounds and measures

11”7 x 1ve” x 8%,
4 Lataycite Radio Llectronics Corporation is
[] now marketing 1wo new N communica-
tions receivers. the HF-92 which tunes 30-50 mc.
and the HE-99 which covers 134-17 1 mc.
Useful for monitoring cergency. commercial,
or industrial communications. both scts offer
S-tube performance with o three-gang runed vl

FM COMMUNICATIONS RECEIVERS

stage. Other features include a sensitivity  of
topv. or less for 20-db quicting. built-in all-

clectronic adjustable squeleh civeuit, built-in 37

PAI speaker. illuminated slide-rute tuning dial,
and transformer-type power supply.

Both units are housed in metal cabinets that
measure 11Y4” x 778” x 6¥2”. Operation is on
105-125 volts, 60-cycle a.c. only.

MANUFACTURERS' LITERATURE

PANEL-METER BULLETIN

Assembly Products, Inc. is curvently offering
4 copies of its 8-page Bulletin 34 which lists
a complete line of indicating panel meters and
pyrometers. The publication includes meters for
either recessed or front-ol-panel mounting. i
sizes from 2U47 to 67 wide, with full-scale sensi-

tivities beginning at 3 g1, and 2 mv. d.c
The bulletin provides full electrical specifica-

tions. dimensions, prices, and ordering proce-
dures on the tline.
PRECISION INSTRUMENT CATALOGUE

ESI-Eleciro Scientific Industries is now of-
42 fering copies of its condensed catalogue A-26
which deseribes the firin's product line of pre-
cision instruments and components.

Included arce tllusirations and short-form spec-
ihcations for mcasurement systems, bridges and
accessories. standards. decade resistors and capaci-
tors. decade voltage dividers, gencrators and
detectors. custom networks, anwd an algebraic
computer. Descriptions are keved to derailed
catalogue sheets available for the various prod-

ucts.

Motorola Semiconductor Products Ine. has
43 issued 24-page condensed  catalogue  which
provides pertinent details on the firn's extensive
Tine of semiconductor products.

Presented in tabular form s information ot
integrated civcuits, silicon controlled rectifiers.
aute contvolled switches. hif. switching transis-
tors. h.f. communications transistors, power tran-
sistors.  milltwatt  transistors. silicon  reference
diodes. silicon zener diodes, silicon rectifier stacks,
silicon rectifievs, and military-type devices.

SEMICONDUCTOR DATA

ELECTRONIC ORGAN LINE

Artisan Organ Company has just isstted a
4 two-page brochure which lists fourteen basic
models of elecuronic organs available in either
kit form or on a cusrom basis. Onlv basic cata-
logue-type intormation is included. Compiecte
stop lists. specifications. and detailed literatine
on the individual organs can be obtained sepa-

rately without charge.
National Radio Institute has issued a 66-
page catalogue which describes by means
of text and photographs the school’s facilitics
for learn-at-home 1raining in clectronics. In-

HOME-STUDY COURSES

Answer to Electronic
Crosswords
(Appearing on page 85)

ELECTRONICS WORLD



cluded are details on the Institute’s industirial
clectronics, radio and television servicing, and
complete communications courses.

The school’s facilities and statt are pictured,
along with a generous sampling ol the tvpe of
work expected of the student in cach of the
several training programs,

TAPE-RECORDING HINTS
Sarkes Tarzian, Inc. is offering a 32-page
46 booklet entitled “Lower the Cost of Fun
With Tape Recording’ which provides a unique
variety ol information of interest to 1ape te-
corder uscrs.

Beginning with a discussion of 1ape recorder
applications. the booklet continues with a variety
of tape tricks including how to record from
various sound sources. casy lape quality tests,
a handy table of recording times. and a “notes’
page to carry important information about the
owner's tape cequipment.

FUSES AND FUSEHOLDERS
Bussmian Mfg. Division has issued a 24-page
4 catalogue, Form SFB, which lists the com
plete tine of “Buss” and “Fusetion™
sion tuses and fuscholders.

This two-color publication includes a symnbol
and numerical  index.  dimensions,  weights
blowing time charts. resistance of fuses. voliage
ratings, vibration chavacteristics, UL listings,
and information on special fuses. fnse clips, fuse
blocks or fuse holders. Mechanical as well as
clectrical specifications are provided.

small-dimen-

SCOPE PREAMP DATA

Brush Instrnments has issued five two-page,

4 two-colur illustrated data sheets describing
its 4200 series of interchangceable solid-state pre-
amps for use with oscillograph recording systems.
The five data sheets are housed in an illus-
trated file folder for casy reterence. The units
covered include high-gain d.c. preamps ot 100

uv. sensitivity; high-gain d.c. preamps with cali-
brated zero suppression from 100 uv. to 500
volrs; d.c. preamps with 1 uv. sensitivity; a car-
rvier preamp for recording from resistive, induc-
tive, or other transducers requiring excitation;
and a phase-sensitive demodulation preamp for
monitoring and recording performance of a.c.-
modulated carrier systems.

METALLIZED CAPACITORS
Electron Products is now offering a one-page
4 data shect which provides complete specifi-
cations on its line of thinfilm meuallized Myvlar
capacitors in hermetically sealed rectangular and
round tubulars and in wrap-and-fill and epoxy-
case styles.

TEST EQUIPMENT CATALOGUE
5 The Triplett Electrical Instrument Co. has
available an 8-page illustrated catalogue.
No. 44-T, coveving its line of production and
service-tvpe test cquipment.

A wide variety of v.oan’s is described, along
with pertinent specifications of interest to those
making the choice: details on the firm’s tran-
sistor tester, signal generator, appliance tester,
load check, probes, and complete tnbe and tran-
sistor analyzers are also incorporated.

SPACE ACTIVITIES BOOKLET
5] Westinghonse Air Arm Division has issued

a three-color. 28-page booklet describing its
space activities and capability.

Entitled “Into Space.” the bookler illnstrates
and describes the division's work on the Gemini
rendezvous radar, the UK-2/8-52 international
scientific satellite, and other related projects.

POWER-SUPPLY SPECIFYING
5 Kepeo, Inc. is now ofiering copies ol its

44-page catalogue which describes 4 com-
plete line of high-reliability d.c. reguiated power
supplies. Performance features and physical spec-
ifications for more than 230 standard modecls,

including programmable
lated nnits, are included.

VOl[ﬂgC/Clll'l‘eH[ I‘Cglla

MICROPHONES & ACCESSORIES
5 Amcrican Microphone Company has issued

a product directory which provides detailed
application and specification information on a
complete line of microphones and accessorics.

Included are sections oun broadcast and pro-
fessional  microphones. units  for high-quality
p.a., advanced amateur recording, industrial
soind. mobile radio, and language labs.

MICROMINIATURE CONNECTORS
5 Amphenol  Connector  Division  has  an-

nounced the availability of a newly revised
24-page catalogue which describes a complete

line of mictoininiature connectors.

Inctuded are circular connectors for cable-to-
cable or cable-to-chassis applications, printed-
civeuit or printed-wiring receptacles, modular
circuitry connectors, muiti-purpose suip  con-
nectors plus contacts and contact tools. A
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1B3  gAUS 6D6
1HS  6aUs  6DA4
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1 6AWSE
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1 YR GUARANTEED

Mutuai Conductance Lab-tested. Individually
Boxed. Branded and Code Dated

It not shipped it 24 hrs
YOUR ORDER

A LIVE IN THE EAST?
WAITED MONTHS FOR DELIVERY FROM OTHERS?

AIR MAIL AN ORDER TO CORNELL
Bee-.. AND RECEIVE DELIVERY TO THE EAST COAST
IN AS LITTLE AS 72 HOURS!!!

SUBSTITUTIONS WITHOUT YOUR PERMISSIO
Tuhes are new, secunds or used and so marked.

$5.00 add 50c for handlmg Send 25% deposit on COD

orders. No Canadian or foreign COD's — include postage.

No 24 Hr free Offer on personal check orders. 5-DAY
K Q

CORNELL ELECTRONICS CO.

6SHT  7B6 12BL6
65)7 787 128Y7
65K7  7g8 12C5

65L7  3C§ 12CAS
6SNT  TY4 120Q6
6507  12AD6 125N7
6SRT  12AE6 125Q7

6U7  12AF6 27
6US - 12ATT 41
6V6  12AUT 45
6W4  12AXT 47
6W6 12BA6 75
6X4  12BD6 77
gi; 12866 78
128F6
TAB  1zBHT 84/6Z4

WRITE TODAY
Descriptive

AID USA OROERS. Under

Now! For less
than $200°°

INDUSTRIAL 25 TO 50 MCS.

2-WAY RADIO

literature and m?
information-

packed booklet—*'2-WAY
RADIO for your Business**

Manufacturers of World's Most Widely Used Personal Communications Transmitters

CIRCLE NO. 124 ON READER SERVICE PAGE

The ““Messenger-202' gives you all the pep, power, and
performance you need for solid business communications!

Priced within easy reach of any business, the “Messenger 202'"
packs the power to punch your signal across the miles with the crisp
authority that gets things done! A complete 10-tube (including
rectifier) crystal-controlled AM transceiver, the 202" is F. C. C.
type accepted for use in the Industrial,
Transportation services. Highly selective and sensitive superheter-
odyne receiver—built-in **squelch’’—automatic modulation limiter
—AVC—automatic noise limiter circuits—and provision for 37 tone
selective calling system. Designed for easy operation—fast, smooth
installation—and simplified maintenance. Only 53"x7"x11%".

Public Safety, and Land

E.F. JOHNSUN COMPANY

1102 Tenth Ave. S. W, « Waseca, Minnesota.
Please rush full details on the “Messenger 202'"

NAME

ADDRESS.

CiTY STATE,

93



FAMOUS BC-645 TRANSCEIVER
£3ve1333

BRAND NEW! 15 Tubes 435 to 500 MC
Can be modified for 2-way communication. voice
or code, on ham band 420-150 mc. citizens radio
460-470 me. fixed and mobile 450-460 mc, tele-
vision experimental 470-300 me. 13 tubes
(tubes alone worth more than sale price!): 4—
TF7, 4—T7H7, 2—7E6. 2—6F6. 2—953 and
1—WE-316A. Now covers 460 to 490 mc. Brand
new BC-645 with tubes. less power supply in
factory carton.
Shipping weight 25 lbs. SPECIAL!.

PE-101C Dynamotor, 12/24V
UHF Antenna Assembly. .. ..
Complete Set of 10 Plugs. bk
iControl Box . . ... .................

SPECIAL “PACKAGE" OFFER

BC-643 Transceiver. Dynamotor and all
sorics above. COMPLETE, BRAND NEW
While Stocks Last. . .............

[$19.50 ||

acces-

- $29.50§

ARC-3
RECEIVER!

Complete
with All
Tubes EXc.
I.lke NE
Crystal- controlled

17 mbe tunes from

superhel
100 to 56 8 pre-selecteu

1-9002.

28 volt DC nower Input Tubes:
1-12H6.

channols
6- 1.9001,

6AKS, 1-125H 3-128G7,
2.125N7. 1- 125L7. 1-12A6.
110 V A.C. Power Supply Kit for above 15 00
Factory Wired and Tested. . ... ... ....

ARC-3 TRANSMITTER

Companion unit for above. tunes 100 to 156 MC on
any 8 pre-selected clx1nl\els 9 tubes. crysial con-
trolled. provides tone and voice mordulation 28V
Di 'ower input. Complete with all $ 95
Tubes: 3-6V6. 2.832A. 18
2-6L6. E: U
$28 50

Like new
'SCOPE INDICATOR

BRAND NEW, including
all tubes. together with
5BP1 'Scope Tube. Origi-
natly used in Navy Air-
craft RADAR equipment.
Easily converted for AC
operation.

VALUE $250.00!

price " ...$16.95

1-128H7,

1 dJa
.On

d
ARC-3 PUQHHU

ASB-5

 ———
APR-1 Navy VHF-UHF radar search Receiver,

WMMMMMMMMWMMMMM\'?

IMPORTERS —EXPORTERS
of ELECTRONIC EQUIPMENT

We specialize in the export
of military surplus electronic
equipment:

® All at LOWEST PREVAILING PRICES.
® In addition to items shown on this page.
we have in stock or can obtain for export

customers, military electronic equipment
made for World War 11, Korean War, and
later.

IF YOU DON'T SEE WHAT
YOU WANT HERE, WRITE
US YOUR NEEDS. LET US
QUOTE ON ANY GOV'T SUR-
PLUS ELECTRONIC EQUIP-
MENT YOU SEE ADVERTISED
ANYWHERE. INQUIRIES
WELCOMED.

All packing and shipping is made directly

from our own warehouse in NYC to give
you substantial savings in handling costs!
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AN/ART-13 1(00- WATT XMTR

11 CHANNELS
200-1500 Ke
2 te 18.1 Mc

57950

___used |

Complete with Tubes

lamous Collins Autetune Ajreraft Transmiltter. AM
CW. MCW. Qulck change to any ten preset chan-

Speech amplifier /clipher uses
mike. Hizhly stable, hiwhly

al tuning.
a

v m Xtat  controlled

1ﬂd||MV¢ R13 in final up to ‘ll)f‘ el
v R(\H “*HOT Ham huy at our law
AN/ART-13 XMTR. as above. In UIKE NEw $89 50
condition. with all tubes and crystai. ..
0-16 Low Frea. Osc. Coil for ARY 13....... 7.95
24V Dynamotor for ART-13...... ...... . 11.95

We carry a complete Ilne of spare parts for ahove.

AN/APR-4 RECEIVER only. 38 to 4000 Mc in

5 tuning unit ranges. High precision lab instru-
$8 0

ment. Input 115 V60 ¢y. Like New. .. .. 9.5
Tuning Units TN16. 17, 18 each ... ...$39.50
Tuning Unit TN19. Brand New . ....... $89.50
Tuning Unit TU34 ............... $149.50

LORAN APN-4
FINE QUALITY
NAVIGATIONAL EQUIPMENT

Determine exact geographic position of yur boat

or plane. Indicator and receiver complete with all
tubes and crystal.
INDICATOR ID-6B/APN-4, and RECEIVER R-9B/

APN-4, complete with tubes, Exc. Used.

Receiver-Indicator as above.
Shock Mount for above .................

BRAND NEW$88 50

ACCESSORIES for BC-603, 683 RECEIVERS

! I\ OSET OF 10 TUBES FOR AROVE bllu new
n origitial boxes ... ... ie i e L aens $4.95

12 or 24V Dvnamolar for Ahove.
Fxe. Used $4.25. ............. Brand New 35.50

AC POWER SUPPLY FOR BC603, 683

Interchangennle. reptaces d pamutor. 11a 0.0
Twiteh. NO RECVR CITAN SEDED. Provides 220
VDC @ 80 Ma. 24VAC @ " Amps . ...... . $12.95
Cmnplctc 240-page Technical Manual for BC-603,
.......................... ...%3.18
BC-604 TRANSMITTER— Companion unlt {or BC $8 95
603 Revr. above. With all tubes. RI{\ N
4-Section Antennag for B8C.604. 684 ra snul(ers
Complete with mounting base. BRAND NEW. . $4.95
We carry a complete line of sbare parts for above.

INVERTER POWER SUP®LY for above APN-4. INPUT:
24V DC @ 75 A. OUTPUT: 115V AC @ 10.5 Amps.
800 cycies. Complete with two connecting plugs
BRAND NEW $49.50

12-Volt Inverter Power Supply for above APN-4.
Like New. P.UR
We carry a complete line of spare parts mr above.

—e———
LORAN R-65/APN-9 RECEIVER

& INDICATOR

Used in ships and aircraft. Deter- i55vs
mines position by radio signals from Bg; =
known xmitters. Accurate to within g\ i
1% of distance. Complete with »
tubes and crystal. IN LIKE NEW Con-

195 to 420 Kc. made by Setchel-
Carlson. Works on 24-28 volts
DC. 135 Kc. IF. Complete with 5
tubes. Size 4” x 4" x 6”. Wt.
4 Ibs. BRAND

New CRANP $9.95

USED, wnh tubes..$6.95 | USED, less tubes. $3.45
APN-12 3-INCH SCOPE

flas vertical and horizental sweep with focus and

intensity controls, coaxial antenna chanreover motor

Complete with 11 tuhes and 3J01 CR Tuhe. Far 115

V. 3100 cvele AC and 24 V DC. Circuit $1495

diagram inciuded. LIKE NEW ... ... .

LM FREQUENCY METER
Crystal calibrated modulated. Heterodyne. 125
Kc to 20.000 Kc With Calibr atxon book $69 50
Complete, Like New -

BO Mc to 950 Mc in 2 bands. BRAND NEW dition $79.50
$79.50 TUNING UNITS for above: TN1, TN2 R Q%0 oo o - roiret e N
TN3. in stock Used, with all parts, less tubes, crystal 529 50
and Vvisor ................... Special S
BC1206-C BEACON RECEIVER INVERTER POWER SUPPLY for above APN-9. INPUT:

24 V DC. OUTPUT: 115 V AC. 800 cy. NEW $49.50

12-V. Power Supply for APN-9,
Shock Mount for above .............. .

like New P.U.R.
.$2.95

Circuit diagram and connecting plugs avaxlable, BRAND
Wwe carry a complete line of spare parts fer above. o Dl —s el ption] ”“" ST
RS-38.  Nuvv Tvne Carbnn Hnnd \H)\e 3 95 ; 5.75

ARC-5/T-23 TRANSMITTER 100-150 Mc.. in-
cludes tubes: 2-832A, 2-1625. BRAND $21 50
NEW, with tubes .. .

Excellent Used. less tube $5.95
ARC-5/R-28 RECEIVER, 2-mecter superhet, 100
to 156 Me in 4 erystal channcls complete with

10 tub
E\ce]ulegi Used. with tubes . ...... ... $2350

SCR-625 MINE DETECTOR
Complete portable outfit in origi-
nal packing, with all accessories. $2750
Brand New

EE-8 FIELD PHONES 7

Talk as far as 17 miles! Depend-
able 2-way communication at low
cost! Ideal for home, farm. field.
Up to six phones can be used on
one line. Each phonc complete
with ringer. Originally cost govt.
$65.00 ecach. Excellent Condition.
checked out, perfect working order. $]4 45
complete with all parts. Each .. ... ... -

MICROPHONES Checked Out, Perfect

BENDIX DIRECTION FINDERS

For commercial navigation on boats.
MN26C Receiver 150-1500 Kc continuous tun-

ing with 12 tubes and dynamotor. Used. . $22.50
MN26C Receiver as above, BRAND NEW. 36.50
MN20E Rotatable lL.oop for above. , .. .. 4.95
MNS2 Azimuth Control Box . .. . .. ..... 2.95

MN26Y 150-325 Kc; 325-695 Kc; 3-4.7 Mc.
Complete with tubes, dynamotor,
BRAND NEW

BC-906 FREQ. METER—SPECIAL
Cavity tvpe 145 to 235 Mc. Complete with antenna.
Alanual and original eaiibration charts in-
cluded. BRAND NEW. OUR LOW PRICE. . .

SCR-274 COMMAND EQUIPMENT
ALL COMPLETE WITH TUBES Like

Type Deseription Used NEW
BC-45:3 Neceiver I!)0-550 KC. .. .$12.95 %14 .95
BC- Receiver 3-6 12.45

BC-155 Receiver 6-9 M .
1.5 lc 3 Mc. Receiver Rrand

BC-221 FREQUENCY METER
SPECIAL BUY! This excellent freaquency
standard is equipped with orlginal cal-
mrahon charls and has ranges from

to 20,000 Kc with crystal check
nomls in_all ranges. Excel. Used with
original Calibration Book. Crystal and
All tables—LIKE NEwW!
Unmodulated ... $76.50 Modulated
BC-221 1000 K¢ Crystal Brand New

i

2 VOLT BATTERY "PACKAGE"

1—-2V. 20 Amp. Hr. wmaru Storaze
Buttery. \Iud 1 =2

m 516" hlen. .. it s
1-2v. 7 nrona Svnchronous Pl
Vvibrator .. ... ..

1—Qua{'l

ce
ALL BRAND NEWI
Combination Price .

110 Voit AC Power Supply Kit, for all 274-N ang

ARC-3 Receivers. Complete with metal sa 95
cise. Instructions . ... . ... ... -
Factory wired, tested. ready to operatc..$12.50

SPLINED TUNING KNOB for 07;-N and ARC-3

RECEIVERS. Fits BC-453, BC-454 and -
others.. ONlY g meas pmias o - - 49c
2.1 to 3 Mc. Transmitter, Brand New . ... ... $12.85
BC-457 TRANSMITTER-4-5.3 Mc. complete sg 75

with all tubes and crystal, BRAND NEW.
Like New ... . _ .......o¢ci@og:-.%:3ma-8% $7.95

BC-458 TRANSMITTER—5.3 to 7 Mc. Complete witt

all tubes and erystal.

BRAND NEW . ......... .. $1095
Like New .......... .. .8$7.95
BC-696 TRANSMITTER h $11 95
All Tuhes & Crvstal. Like Ne 0 .
BC-456 Madulater ... .. U5!D ‘345  NEw 5.95

ALt ACCESSORIES AVAILABLE FOR ABOVE

HEADPHONES Checked Out, Perfect
EXC. BRAND

Aodel . Description USED NEW
HS-23 . .Iligh Impedance . ..... $2.79.. $4.95
HS-33 . . Low Impedance .. &5 315 5.45
HS 30 [uw T w‘uherwl PP so .. 1.865
U. .. Hirh Tmp, (2 unts). .. .... 7.95
TELEPHDNICS 601) obm Iow lmneddnce HEAD
B . PER PAIR $3.95
07A Cmds wnh PL55 plug and .11\26 Mck .99
[-‘:.rvv'v Cushions for ahove—pa 50
Model DM35

input 12V DC. Output: 625 V

DC @ 225 Ma, for press-to-
talk intermittent operation.
Shpg. wt. 14 Ibs. Y
BRAND NEW . ...... |$14.95|
OTHER DYNAMUTOR VALUES: Exceilent SRAND
Type Input Qutput Used NEW
DM-32A 28V 1.1A 250V .05A 2.45 4.45
DM-33A 2BV 5A 575V .16A

28V 7A 540V .25A 2.95 4.4S
DM-334D 12V 2A 220V .080A 4.15 5.50
DM.36 28V 1.4A 220V .060A 1.95 2.95
DM-37 25.5V 9.2A 625V .225A 2.95 4.22
DM-43 28V 23A 925V .220A

- 460V .185A — 14.50
DM-53A 28V 1.4A 220V 0BOA 3.75 5.45
PE-73C _28v 20A 1000V .350A 8.95 14.95
PE-86 28V 1.25a 250V .050A_2.75 _3.85
DM-42A DYNAMOTOR. Inpnt 12 V DU @ 3% Aaps.
output 515 V BDC @ 215 BMa. and 1030 ¥V DC 0 260
Ala. Wt ths. MITAND NEW, e!c\) 95

CInput 23.5 V DC
ut H23 VD¢ @ 225 Ma., BRAND NEW .

Iach $3.25

WILLARD 6-VOLT MIDGET
STORAGE BATTERY
3 Amp. Hour. BRAND NEW. 35" x 1.
13/16" x 28g” . Uses Sl.m(hn(i
Elcetrolyte .. ....o. 0. .. $2 9

G & G RADIO SUPPLY CO.
Telephone: CO 7.-4605
77 leonard St. New York 13, N. Y.

94
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SCHEMATIC DIAGRAMS Z27.T0%.5¢""en"" 65¢
Please include 25% Deposit with order—Balance
C.0.D., or Remittance in Fuill. 50¢ Handling Charges
on all orders under $5.00. All shipments F.0.B. Our
Warehouse. N.Y.C. All Merchandise subject to Prior
Sale and Price Change.

ELECTRONICS WORLD



ELECTRONICS MARKET PLACE

RATE: 60¢ per word. Minimum 10 words. September issue closes July 5th. Send order and remittance to: ELECTRONICS WORLD, One Park Ave.,

ELECTRONICS
ENGINEERING
AND INSTRUCTION

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog Free. (Courses
Bought) Lee Mountain, Prsgah Alabama.

ELECTRONICS! Associate degree—29 months. Techni-
cians, field engineers, specialists in communications,
mrssrles computers, radar, automation. Start February,
September Valparaiso Technrcal Institute, Dept. N,
Valparaiso. Indiana.

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, In-
wood, Dallas, Texas.

HIGHLY-effective home study review for FCC commer-
cial phone exams. Free literature! Wallace Cook, Box
10634, Jackson 9, Miss.

ENGINEERING and Art Degrees earned through home
study. Electronics, mechanical. liberal arts, major ac-
counting. When wrmng specify course desrred Pacific
International College of Arts & Sciences, primarily a
correspondence school. Resident classes also available.
5719-C Santa Monica Blvd., Hollywood 38, California.
DIGITAL Computers Simplified: Basic, concept level
introduction, clearly illustrated. Advant Editiona, P.O.
Box 124w, Sarasota, Ftorida. $3.00. 25¢ postage.
BASIC Mathematics. Algebra, Calculus, trial first, 4
easy lessons $1. Mathco, Cincinnati 17, Ohio.

FOR SALE

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Cataiog 10¢.
Meshna, Malden 48, Mass.

INVESTIGATORS. free brochure, lalest subminiature
electronic iistening devices, Ace Electronics, 11500)
NW 7th Ave., Miami 50, Florida.

TV Tuners—Rebuilt or Excharged $9.95 complete—
all types-—fast, guaranteed service. Send tuner with
all parts to: L. A. Tuner Exchange, 4611 West Jeffer-
son Bivd., Los Angeles 16. California.

DIAGRAMS for repairing radios $1.25. Television $2.50.
Give make, model. Diagram Service, Box 672-E, Hart-
ford 1, Conn -
MILITARY Discount-—Name Brands Free Recording Tape
and Stereo Handbook. Include Rand and Serial Num-
ber. Electronics nternational. Inc., Box 3066, Char-
lottesville, Virginia. o
Save dollars on radio, TV-tubes, parts at less than
manufacturer's cost. 100% guaranteed. No rebrands,
pulls. Request Bargain Bufletin. United Radio 1000-W,
Newark. N.J.

FREE Iliterature keeping you informed on the latest
work-saving. money-making test equipment. Learn how
Easy Budget Payment Plan lets you pay out of in-
creased earnings. Top engineered test instruments are
priced for tremendous value. Write today. Century
Electronics, 352 Maple Ave., Wesibury. N.Y.
CANADIANS  Giant Surplus Bargain Packed Catalogs.
Electronics. Hi-Fi, Shortwave, Amateur, Citizens Radio.
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill.
Montreal. Canada.

TRANSISTORIZED Products importers catalog, $1.00.
Intercontinental, CPO 1717, Tokyo, Japan.

CONVERT any television to sensitive, big- screen oscil-
loscope. Only minor changes requrred No electronic
experience necessary. lllustrated plans, $2.00. Relco,
Box 10563, Houston 18. Texas

SELF-service console tube testers. Originally $149.00.
Reconditioned $19.95. FOB Delmar Engineering, 3606
Delmar Road. tndianapolis, Indiana.

DIAGRAMS, Servicing Information. Television, Radios,
$1.00. Supreme Publications, Highland Park. Illinois

“LISTEN-in-coil”’ picks up any telephone conversation
inovicintty. No connection to telephone necessary.
Easily concealed. $2.98 complete. United Acoustics,
1302A Washington St.. Hoboken, N.J.

COMPUTERS—Packaged Flip-Flops, Decoders, Encod-
ers. Inverters, and Power Supplies. Write for free fist:
JAM Computers. 385 June Place, West Hempstead,
Long Island, New York.

TUBES

TUBES—TV, Radio, Transmitting And (ndustrial Types
At Sensibly Low Prices. New, Guaranteed, 1st Qual-
ity, Top Name Brands Onty. Write For Free Catalog
or Call WAlker 5-7000, Barry Electronics Corp., 512
Broadway. New York 12N, N.

July, 1963

EEFORE you buy receiving tubes, test equipment, Hi-fi
components. kits. parts. etc. ...send for your giant
free Zalytron current catalog. featuring Standard brand
tubes; RCA, GE. etc.—all brand new premium quality
individually boxed. one year guarantee- all at biggest
discounts in America! We serve professional service-
men. hobbyists, experimenters. engineers, technicians.
Why pay more? Zalytron Tube Corp., 461 Jericho Turn-
pike, Mineola, N. ¥

FREE Catalog-—name brand tubes 65% discount, phono
needles 80% or more discount, phono cartridges,
picture tubes 75¢ inch, parts. parts kits, silicon and
selenium rectifiers, transmitting tubes, 7”7 T.V. test
tube $6.99, imported batteries, tube testers etc. Want
to swap or sell tube inventory? Send us your offering.
Arcturus Eiectronrcs Corp., Dept. Z.D., 502 22nd St.,
Union City, N

WANTED

CASH Paid! Sell your surplus electronic tubes. Want
unused, Clean radio and TV receiving, transmitting
special purpose, Magnetrons, Klystrons, broadcast
types. Want military and commercial lab.’test equip-
ment such as G.R.H.P., AN/UPM_prefix. Also want
commercial Ham Receivers and Transmitters. For a
Fair Deal write: Barry Electronics Corp., 512 Broad-
way. New York 12, N. Y. (Walker 5-7000).

QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed.
free Circular. Mercury Terminal, Norwood, Massa-
chusetts.

ARMY Sets or Parts—GRC—PRC—FRR/URR—TCC—SB
-SCR—Send Listings-—Quick Cash. Anker Electronics,
1617 So. Main St., Box 26, Wilkes-Barre, Pa.

TAPE AND RECORDERS

TAPE Recorders, HI-FI Components. Sleep Learning
Equipment, Tapes. Unusuai Values. Free Catalog. Dress-
ner 1523 EW Jericho Turnprke New Hyde Park 10, N. Y

RENT Stereo Tapes~0ver 2,500 Drfferent——all major
labels- free catatog. Stereo- Parti, 811-G, Centinela
Ave.. lnglewooo o Calrfornla

SELF Hypnosis. New concept teaches you quickly by
tape or LP-record. Free literature. McKinley Publishers,
Dept T6, Box 3038. San Bernardino, California.

SAVE 30% Stereo music on tape. pe. Free bargam catalog/
blank tape recorders/norelco speakers. Saxitone, 1776
Cotumbia Road. Washington, D.C.

4/TR Stereo Tapes — hought, sold, rented. r;ded—!
Bargain ctoseouts! Catalog/COLUMBIA, 9651 Foxbury,
Rivera. California

CONCORD 40G, one of world’s finest [ professmnal 4-
track stereo recorders Complete with recording and
ptayback pre-amplifiers. Two VU meters. Remote con-
trol. Carrying Case. For portable use or buitt-in in-
statlation. Brand new in original cartons. Incredibly
priced at $159.50. Caravelie, 916 Mclean Avenue,
Yonkers. N.Y.

‘RECORDING tape, top quality by major U.S. manufac-
turer, 1800 feet. 1 mil, 7 inch reel, $1.95 each, 10 for
$17.70 postpaid. I\’Ioney-back guarantee. Western Mag-
netics, Box 3722, Portland 8, Oregon.

HIGH-FIDELITY

HI-FI Components, tape recorders at guaranteed ‘“‘We
Will Not Be Undarsold'’ prices. All brands in stock.
15-day money back guarantee. 2 year warranty. Write
your requirements for quotation. No Catalog. Hi-
Fidelity Center 1797L st Ave., New York 28. N.Y.

DISGUSTED with ‘‘Hi"" Hi-Fi Prices? Unusual Dis-

counts On Yaur High Fidelity Requirements. Write.

}[()?é Elgctromcs 120 Liberty St., New York 6, N. Y.
41

RECORDERS Components' Free wholesale catalogue'
Carston. 125-R. East 88, N.Y.C. 28.

LOW, LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9. Penna.

BI-Plex 8" Speakers. Complete Spectrum. Best for
stereo. 12 for $100.00. Two samples $20.00. Caravelle,
916 McLean Avenue. Yonkers. N.Y.

WRITE for lowest quotahons, components Tecorders.
No Catalogs. Hi-Fidelity Supply, 2817-GC Third, New
York City 55.

WANT to sell good equipment and accessories? Place
a low-cost classified ad in this space. Write: Martin
Lincaln. Electronics World. One Park Ave, N.Y. 16, N.Y.

N. Y. C. 16, N. Y.

REPAIRS AND
SERVICING

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Oniy $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.

TV Tuners rebuilt and aligned per manufacturer's
specifications. Only $8.50. Guaranteed. We ship cod.
Valley Tuners, 5641-B Cahuenga, North Hollywood, Calif.

METERS—Multimeters Repaired and Calibrated. Free
estimates—Catalog. Bigelow Electronics, Box 71-F,
Bluffton, Ohio.

RECORDS

RARE 78's. State Category. Write Record-Lists, P.0.
Box 2122, Riverside, Calif.

PATENTS

PATENT Searches,
Information. Miss Hayward,
ton 5, D.C.

$6.00! Free ‘‘Invention Record"/
1029 Vermont, Washing-

GOVERNMENT
SURPLUS

GOVERNMENT Surplus Direct From Government. Jeeps
$264.00. Radios $2.53, Typical Prices. Guns, Type-
writers, Cameras. Tools, Thousands More. Anazing
Low Prices. How, Where To Purchase, Merchandise
Available, Etc., Only $1.00 To: Surplus, P.0. Box 50512,
Dept. R, New Orleans 50, Louisiana.

BUSINESS
OPPORTUNITIES

EARN extra money' No investment required. Part-time
setling; brand name hi-fi components at discount
prices. Exclusive territories. To qualify you must be
a hi-fi enthusiast or knowledgeable in field. Give full
info. by letter including 3 business refs. & bank. Great-
est opportunity for extra earnings ever offered. Write:
| F A Electronics, P. 0. Box 559, Encino, Calif.
YANKS! We're ten years behind you! Live group of
young active Limeys with a little money and a ‘ot of
Marketing Know-how ask any American or Canadian
Electromic Manufacturer interested in granting conces-
sions for Britain to contact immediately. Any domestic
electronic product considered but electronically aper-
ated domestic garage doors are of particular interest.
Space avatlable for marufacture under flicense. Dia-
mond Electronics Company, 96a Wellington Street,
Manchester 18, England.

SHOPPING GUIDE
CLASSIFIED

A HANDY GUIDE TO PRODUCTS. NOT NECESSARILY
ELECTRONIC, BUT OF WIDE GENERAL INTEREST.

PHOTOGRAPHY — FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—''Childbirth,” one reel,
8mm $7.50: 16mm $14.95. International W, Greenvale,
L.l.. Mew York

SCIENCE Bargains-—Request Free Giant Catalog *'CJ”
144 pages —Astronomical Tefescopes, Microscopes,

Lenses, Binoculars. Kits. Parts. War surplus bargains.

Edmund Scientific Co., Barrington, New Jersey.

STAMPS AND COINS

TERRIFIC Stamp Bargain! Israel-Iceland-San Marino-
plus triangle set-—Plus Antigua-Borneo-Virgin-Scouts-
Congo-Russia-Plus large stamp book—al!l four offers
free—Send 10¢ for mailing cost. Empire Stamp Cor-
poration, Dept. Z2. Toronto. Canada.

FINE U. S. Stamps -World's lowest prnce Tist—Mint
and Used—priced per one- -Get vours now Free—Wm.
Rice, 10230-V—Martinique Dr.. Perrine, Fla.
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EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep-Learning Association, Box 24-ZD, Olympia,
Washington.

COMPLETE your High School at home in spare time
with 66-year-old school. Texts furnished. No classes.
Diploma. Information booklet free. American School,
Dept. XB36, Drexel at 58th, Chicago 37, Ilinois.

FCC 2nd Class License. Results Guaranteed. Build your
future now. Total Cost $35.00. Write for free informa-
tion. Federal Electronics, Box 278, Oklahoma City, Okla.

HYPNOTISM-—sleep learning—self hypnosis! Thirteen
exciting modern methods. Learn or pay nothing! Air-
mail name for free approval offer. Forum, Division
H22-06, 608 South Dearborn, Chicago 5.

BUSINESS
OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,000 monthly.
Men urgently needed. Car furnished. Business ex-
penses paid. No selling. No college education nec-
essary. Pick own job location. Investigate full time.
Or earn $6.44 hour spare time. Write for Free Litera-
ture. No obligation. Universal. CZ-7, 6801 Hillcrest,
Datlas 5, Texas.

$100 weekly possible. Complete mailing lists and ad-
dress envelopes for advertisers. Home—spare time.
Particulars free. National Service. 81, Knickerbocker
Station, New York City.

MAKE $25-$50 week clipping newspaper items for pub-
lishers. Some clippings worth $5.00 each. Particulars
Er_?e. National, 81, Knickerbocker Station, New York
ity.

| Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey
Box 3566-N, Oklahoma City 6, Oklahoma.

ASSEMBLE artificial lures at home for stores. Ma-
terials supplied free. Profitable! Write: Lures, Ft.
Walton Beach 1, Florida. o
HIGH income in your own wired-music business. Free
details! CSOE, Box 10634, Jackson 9, Miss.

MISCELLANEOUS

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE booklet ‘““ZD," Vantage,
120 West 31 St.. New York 1.

HYPNOTIZE Unnoticed, quickly, effortlessly, or refund!
Thousands delighted! $2.00. Minter, Box 244-D, Cedar-
burg, Wisconsin.

EMPLOYMENT Resumes. Earn more by presenting your-
self to prospective employers effectively. Send only
$2.00 for Resume Writing Instructions. Or send com-
plete job, educational and personal facts plus $20.00
(cash or money order) for your own complete, personal
resume, $30.00 for 200 copies printed on white bond
paper. ). Ross, 63-61 Yellowstone Bivd., Forest Hills
75, New York, Dept. 6J-EW.

svo - ELECTRONICS WORLD
EVERY
MONTH

Electronies World

name
address
city zone
state
Check one: IE] 3 years for $12
[ 2 years for $9 [J 1 year for $5

In the U.S., and possessions.
[ Payment enclesed [ Bill me
Foreign rates: Canada and Pan American Union
countries, add 50 per vear; all other for-
eign countries, add $1.00 per year.
[J New [] Renewal
Mail to: ELECTRONICS WORLD

Dept. 1-8182, 434 S. Wahash Ave.
Chicago 5, 1.
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WORLD’'S LARGEST SELLING
AND WORLD'S NEWEST

Hand Size v-o-m's

MODEL 310
INTERVALLY SHIELDED

.\n: INU.S.A
BLOFFION, Q.

DEL 310-¢
:NliMﬂeALLV SHIELDED

DE IN U.5.A.
UFFTON, O

310-C PLUS FEATURES

HAND SIZE AND LIGHTWEIGHT, but with the features of full-
size V-O-M's. 1. Fully enclosed lever range switch
2. 15,000 Ohms per volt AC
(20,020 O/V DC same as 310)

20,600 OHMS PER VOLT DC; 5,000 AC (310)—15,000 AC (310-C). 3. Reversing switch for DC measure-
ments

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and
rangz settings. The first miniature V-O-M’s with this exclusive MODELS 100 AND 100-C
feature for quick, fool-proof selection of all ranges. Comprehensive test sets. Model 100
includes: Model 310 V-O-M, Model 10
SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields. Clamp-on Ammeter Adapter; Model
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 101 Line Separator; Model 379 Leather
probe, thereby frecing one hand. UNBREAKABLE plastic meter window. BANANA- GrssiMordel il leadeR ($57H0 Ve IUg
e . . Separate Unit Purchase Price.),
TYPE JACKS—positive connection and long life. MODEL 100—U.S.A. User Net. . $64.50

Model 310—$37.56 Modei 310-C —$44.50 Model 369 Leather Cas2—$3.20 G MODEL 100-C—
Same as above, but

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE with Model 310-C.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHI0

FIELD ENGINEERS * ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN » ELECTRICAL
CONTRACTORS * FACTORY MAINTENANCE MEN ¢ ELECTRONIC TECHNICIANS * HOME OWNERS, HOBBYISTS
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with RCA tubes &) N

YOUR NAME

Let RCA put your name in lights

Put a bright new face on your store front with a striking
illuminated outdocr hanging RCA business sign. Through
Authorized RCA Tube Distributors, RCA offers you &
choice of twe new double-faced illuminated shop signs
imprinted with your business name. Made of weather-
proof translucent plastic, RCA business signs:

B Brighten your entire shop front

B Give your business a smart, modern,
efficient appearance

M Fccus attention on your services

MW Fix your shop location in the minds
of potential customers

M Associate your business with the prestige
and customer acceptance of RCA—the most
trusted name in electronics

——— -

| [r—— = SIGNS IN TWO POPULAR SIZES
|RADIO| TV [HI-F1 f Ibfiasattus

2' x 5’ Double-Faced {llumi-
.| nated Hanging Sign—1A1340

with RCA tbes @) 4y |

 YOUR NAME |

Find out now how you can get yours. Your participating Authorized
RCA E:ectron Tube Distributor has al the facts. Call him today.

RCA ELECTRON TUBE DIVISION, HARRISON, N. J.

A,
N

'[€2 1) The Most Trusted Name in Electronics
u
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