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The long awaited and newly revised Sylvania
Technical Manual is out. Complete and unexpur-
gated. The fantasy of every Independent Service
Technician. Written anonymously by an agile team
of Syivania engineers. 32,000 components de-
scribed in breathtaking detail. Including thousands
of unretouched diagrams and illustrations. Discover
the unspeakable thrill of new color TV Tubes, listed
as never before. The ecstasy of 28,000 ECG Semi-
conductors.

From exotic Deflection Oscillators to a lurid ac-
count of Transistors and Rectifiers.

This book has what you want. Components for
the man who knows what to do with them.

The 14th Edition of the Sylvania Technical Man-
ual is not available in any bookstore. Your Sylvania
Distributor is discreet. Speak to him.

SYLVANIA

GENERALTELEPHONE & ELECTRONICS

«"

Electrifying”
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PLECTRONICS TRAINING 10 Reasons why RCA Home Training
For over @ pail centuy, o oo e res - jg your best investment

RCA AUTOTEXT TEACHES for a rewardlng career

ELECTRONICS, FASTER, EASIER in electrOnics:

Autotext, RCA Institutes’ own method of Home
Training will help you learn almost automatically.

THOUSANDS OF WELL PAID
JOBS ARE OPEN NOW

RCA Institutes can help you qualify for a reward-
ing career. Thousands of well paid electronics
jobs go unfilled because not enough men have
the training for them.

WIDE CHOICE OF

CAREER PROGRAMS
Choose from basic Electronics Fundamentals to
advanced training including Electronics Draiting
and new Computer Programming.

SPECIALIZED ADVANCED

TRAINING
For those working in electronics or with previous
training, RCA Institutes offers advanced courses.

Transistor experiments

et . on programmed breadboard—
PERSONAL SUPERVISION usu?ggsrcirﬂoscop:a oar

THROUGHOUT '____.“m_n_:—-—u—————————-—l

All during your program of home study, your
training is supervised by RCA Institutes experts,
personally involved in your efforts, helping you
over '‘rough spots'’ that may develop.

This entire fold-over couponwmiakés a no-postage-rrequired
business-reply envelope. Fill in your name and address
...then cut out along dotted lines...fold, seal and mail.

RCA INSTITUTES, Inc., Home Study Dept. 240-007-0

VARIETY OF KITS, YOURS TO KEEP 320 West 31st St., New York, N.Y. 10001

At no extra cost, a variety of specially en-
gineered kits comes with your program for you to
keep and use.

Please send me free illustrated home study career catalog.

Name Age
TRANSISTORIZED TV KIT AND {please print)
VALUABLE OSCILLOSCOPE Address
An oscilloscope comes with most career pro-
grams. In the TV program or courses, you get the City State Zip

Transistorized TV Receiver. Both at no extra cost.
] Check here if interested in Classroom Training.

TWO CONVENIENT NO STAMP NEEDED

PAYMENT PLANS You must seal (Staple, Scotch tape or glue) before mailing.
Pay-as-you-order with no contract obligation to
continue the course. Or pay-by-the-month. No l FOLD HERE DO NOT CUT HERE
other electronics home study school offers this
choice. And no interest charges.
1 RCA GRADUATES GET TOP FIRST
RECOGNITION CLASS

Thousands of graduates of RCA Institutes are
now working for leaders in the electronics field
Many others have their own profitable businesses.

Permit No. 10662
New York, N.Y.

BUSINESS REPLY MAIL

Accredited Member National Home Stud i
2 y Council No Postage Necessary if Mailed in United States

RCA INSTITUTES, Inc.

320 West 31st St.,, N.Y., N. Y. 10001

Dept. 240-007-0

Canadians: These same RCA courses are avail-
able to you in Canada. No postage. No customs.

No delay. Your inquiry goes to our school in
Canada.

P T e N M U S S s SIS SEEER R MWNDD MR S G Smmmses S S—

Postage will be paid by

RCA INSTITUTES, Inc.
Home Study Dept. 240-007-0
320 West 31st St.

New York, N.Y. 10001

—— S m——

All courses and programs approved
for veterans under new G.l. Bill.

Classroom training also available.
Free catalog on request.

e

Send coupon today for free descriptive book
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THIS MONTH’'S COVER
ties in with our 20-page
Special Section on Linear
Integrated Circuits. The
photo shows a number of
typical IC packages, includ-
ing the round TO-5 config-
uration with straight and
formed leads, the 14- and
16-lead dual in-line ce-
ramic and plastic packages,
and the 14-lead flat-pack.
In the background is the
metalization pattern for an
audio-amplifier IC. For de-
tails on these products, re-
fer to the various feature
stories in our Special Sec:
tion. Cover photograph by
J.M.Semonishand F.Frasca
of RCA Solid State Division.
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EMCBT Organized for Mobile CB-ers
Find R. M. S. Values Graphically westey A. vincent

Electronics & Meteorites (. George Lawrence

Recent Developments in Electronics

Digital Instruments You Can Build ponala L. Steinbach
Part 1. Low-Cost Digital Readouts

Radar in Air Traffic Control  Howard L. McFann

The Integrated Circuit—Its Future

Differential Comparators gijcrard F. Brunner

Monolithic LIC's for Consumer Products  Richard A. Santilli
IC’s for Microwaves  RAonaid B. Schiliing

New Developments in Monolithic Op Amps  Robert C. Dobkin
Monolithic Multipliers 1rwin A. carron

Hybrid Integrated Circuits  pietich P. wuerth

Core-Memory Sense Amplifiers  gaicrard F. Brunner

Electronics—the White Knight?  Jonn Frye

C. E. T. Test, Section #6  pick Giass
Solid-State FM Limiter/Detector crnest J. Jarrola
Stable One-IC Reference Supply  H. a. wittiinger

Answers to C. E. T. Test, Section #5
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Test Equipment Product Report

Coming Next Month News Highlights
Letters Books
Radio & Television News New Products & Literature
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Earn Your

A.S.E. E.

{Associate in Science in Electronics Engineering)

DEGREE

Mostly by #OME STUDY Instruction

* Where will you be five years from today? Are you
headed for real advancement in electronics, or
are you in a rut? The technical experience you
now have is important; it gives you a head start
toward a better future. But to get ahead and stay
ahead, experience must be supplemented with
more education in electronics and allied subjects.

Grantham School of Engineering — “the col-
lege that comes to you” —offers to electronics
technicians a home-study educational program
for the Degree of Associate in Science in Elec-
tronics Engineering (the ASEE), accredited by
the Accrediting Commission of the National
Home Study Council.

The complete degree program except for the
final ten lessons is presented entirely by corre-
spondence. However, these last ten lessons are
part of a two-week “Graduation Seminar” held
at the School. Thus, you may do all of your
ASEE Degree work by correspondence except
for the final two weeks.

The first half of the program includes FCC
license preparation, for the benefit of those stu-
dents who have never obtained the first class
radiotelephone license and radar endorsement.
However, FCC license preparation is only inci-
dental to the main thrust of the instruction. There
are many positions in electronics engineering
which require an FCC license in addition to the
other usual qualifications,

This accredited degree program covers a re-
view of basic electronic circuits and systems,
applied engineering mathematics (including al-
gebra, trigonometry, analytic geometry, and cal-
culus), classical and modern physics, technical
writing, electrical and electronic circuit analysis,
and engineering design. The ASEE Degree is
awarded upon satisfactory completion of all of
the correspondence lessons and the two-week
Graduation Seminar,

Accreditation and G.1. Bill Approval

Grantham School of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council, is approved under the G.I.
Bill, and is authorized under the laws of the State
of California to grant academic degrees.
SCHOOL OF

GBANTHAI ENGINEERING

“the college that comes to you™

1505 N.Western Av, Hollywood, CA 90027

® Mail the coupon below for our free Bulletin @

Grantham School of Engineering EW-7-70
1505 N. Western Ave., Hollywood, Calif. 90027
Gentlemen:

Please mail me your free Bulletin which explains how the
Grantham educational program can prepare me for my FCC
license and Associate Degree in Electronics Engineering. 1
understand no salesman or counselor will call,

Name

Address

City = State Zip
I have been in electronics for years. |

[ e e e e e et e e e

J
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Coming Next Month
Special Feature Article

MICROWAVE
OVENS

Part 1 of this two-part series covers the operating
principles and designs of such ovens—and analyzes
their capabilities as well as shortcomings. It takes
a technically sophisticated design to make such
ovens perform as claimed yet be safe and reliable
enough for continuous use in homes and commercial
restaurants.

Don Davis of Altec-Lansing thinks not and explains
why he believes that directional speakers which
cover the listening area with direct rather than re-
verberant sound provide the most faithful reproduc-
tion of the original sound.

IS OMNIDIRECTIONALITY
DESIRABLE IN
A LOUDSPEAKER?

These magnetically operated devices have long

PUTTING been used as proximity switches—but they have
REED SWITCHES other applications in the field of logic. Don Black-
TO WORK lock explains how they are used, what units are

available, and how to select them.

User complaints regarding transmission delays on
overseas phone calis via satellite have failed to

TRANSMISSION DELAYS & -9 ° )
materialize—thanks to effective echo suppression

ECHOES IN SATELLITE

COMMUNICATIONS techniques developed for handling such problems
over these long transmission paths.

By applying voltage to the gate and keeping drain-

FET'S AS to-source voltage at zero, it is possible to control

AUDIO SWITCHES the resistance of an FET. Applications in audio cir-

cuits and power supplies are discussed.

All these and many more interesting and informative articles will be yours
in the August issue of ELECTRONICS WORLD on sale July 21st.

ZIFF-DAVIS PUBLISHING COMPANY

William Ziff, President gdnorlal and Executive Offices
ne ¢

Park Avcenue
W. Bradford Briggs, Executive Vice President N5 erang W York 10016
Hershel B. Sarbin, Senior Vice President NEW YORK OFFICE
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Now a Heathkit’

olid State Vectorscope/Color
Only 124.5*

Generator

VERT. AOETIIN
ATRALT N
{-."."--a_

&

VECTORSCORE

FALTL AL W3

DIEFRT

@

» L

BLUE gl

@

e WAL Ry

3.568 MHz Oscillator

Accurately Performs All Of These Adjustments: .

+ Raster » Reactance Coil

» Static & Dynamic Convergence s Phase Detector Transformer
o Purity o Demodulator Angle Check

¢ Gray Scale ¢ Chroma Bandpass Touch-Up

Kit 10-101, 121bs.. .. ......cvvvvienen......$124.95"

Fast switch selection of standard 9 x 9 display . . . or exclusive Heath “3 x 3" display

3x3

Color | Dot Horizontal .
] Bars Pattern Bars Horizontal
% Shadin Cross Vertical 3x3
] Bars 9 Hatch Bars Vertical

10-101 SPECIFICATIONS — PATTERNS — Purity: Produces a snow-free raster for purity
adjustments. Dots®: ¢ x 9 produces o display of 110 small dots. 3 x 3 produces a disploy of nine
dats for convergence adjustments. Crosshatch*: 9 x 9 produces o display of 11 vertical and 10
horizontal lines. 3 x 3 produces o display of three vertical and three horizontol lines for con-

raaaT
HEATH COMPANY, Dept. 15-7 e

Benton Harbor, Michigan 49022 QR G LAl

vergence ond lineority adjustments. Horizontal Lines*: 9 x 9 produces a disploy of 10 horizontal
lines. 3 x 3 produces a display of three horizontal lines for vertical linearity and pin-cushion
adjustments. Vertical Lines*: 9 x 9 produces 11 vertical lines. 3 x 3 produces a display of 3 vertical
lines for horizantal linearity and convergence adjustments. Color Bars*: 9 x 9 produces a display
of ten standard color bors. 3 x 3 produces a display of three standard color bars. A visual finger-
print (valtage pattern) of all ten color bars in the form of a petal pattern is displayed for color
circuit servicing. Gray Scale: Provides o wide bar crosshatch pattern with six shades of bright-
ness for color gun level adjustments. OUTPUT SIGNALS — Video: Greater than =1 volt peak-
to-peak composite signal for composite signal injection beyond the video detector. RF: Variable
to approximotely 25,000 uV output, chonnels 2 thraugh &, for composite signal injection into the
TV receiver antenna input terminals. Sync: Greater than 3.5 volts peak-to-peck signal for servicing
sync circuits without video, or sets having separate videa and sync demodulator phase adjust-
ments. GENERAL — Power Requirements: 105-125 or 210-250 VAC, 50/60 Hz, 20 Watts.
Cabinet Dimensions: 634" W x 914" H x 1414” D. Net Weight: 915 Ibs.

*The number of dots, lines, ond bars indicated for a 9 x 9 display is the number disployed if the
receiver under test has no overscan.

July, 1970
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O Please send FREE Heathkit Catalog
O Please send 10-101 Specification Sheet
a

Enclosed is §
Please send Model 10-101

plus shipping.

Name

Address

City State Zip

Prices and specifications subject to change without notice.

*Mail Order Prices; F.0.B. Factory TE-222R H
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ALWAYS INSIST
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*CONTROLLED {3
QuALTY
CRYSTALS

for your Communications
THE

“ON-CHANNEL™

CIRYSTH

el

N OW YOU CAN
Z/P-oroeR

THE CQC CRYSTALS YOU WANT

Your electronics dealer has new,
fast, direct-factory ZIP-Order Pur-
chase Certificates to enable you to
get CRYSTEK CB, Monitor or Ama-
teur Controlled Quality Crystals
mailed direct to you promptly. Ask
about them.

CLRYSIEK

formerly
TEXAS CRYSTALS
Div. Whitehall Electronics Corp.

1000 Crystal Drive
Fort Myers. Florida 33901

4117 W. Jetterson Blvd.
Los Angeles, Cahfornia 90016
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COMPUTER TIME-SHARING

To the Editors:
| I read with interest David L. Heiser-
| man’s article “Computer Time-Sharing”
| in the March, 1970 issue. The concepts
involved in time-sharing are quite com-
plex and usually difficult to explain to
a general audience. Therefore, I am
pleased to see a publication with such
| wide appeal as yours undertaking such
| an effort.

I'm a little sorry though that you
‘ didn’t see fit to mention us in your list of
manufacturers of time-sharing comput-
ers. We have been involved in produc-
ing time-sharing systems as long as any-
one and longer than most that you did
mention.

I should also point out our experience
in time-sharing isn’t confined to large-
scale installations. Some of our small
computers, such as the PDP-8, can time-
share too. These range from a 4-user,
desk-top model to a fair-sized swapping
system, the TSS-8.

AsaLEY D. Gravsox, PDP-10 Mktg.

Digital Equipment Corp.

Maynard, Mass.
| * * *

SILICON TRANSISTORS AS ZENERS
| To the Editors:

The very useful bit by J. Charles on
1 “Using Silicon Transistors as Zeners”
(Jan., 1970, p. 86) would be made even
| more so by adding the forward-biased
collector junction to the zener—using
| emitter-to-collector instead of emitter-
to-base connections. This adds about
[ 0.6 volt to the zener voltage as well as
significant temperature compensation,
particularly if the operating current is
' chosen for optimum compensation.
| Itis even practical, sometimes, to use
the normal reverse-biased collector junc-
' tion as a zener (some transistors have
‘ very sharp “knees”) if you need a high-
voltage zener.
Mr. Charles has offered a short, con-
‘ cise article whose value far outweighs
| its length. Many good things to him!
Rocer K. Onoar, Eng. Mgr.
Sparta Electric Corp.
Carmichael, Cal.

SHIELDED TWIN-LEAD
To the Editors:
My thanks to Erectronics WORLD
for the very comprehensive survey pub-
' lished in the January, 1970 issue, “TV-
FM Lead-In: What Kind To Use.” Why

www americanradiohistorv com
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is it, with all the inherent advantages of
shielded twin-lead, that no company
makes connectors for it? Nor are there
any v.h.f.-u.h.f. splitters or multi-set cou-
plers with a ground terminal for the
shielded drain wire.

We have been using shielded twin-
lead for the past 3 years. Its perform-
ance is excellent but, contrary to your
statement about ease of installation,
there are several difficulties. The cable
is bulky and relatively inflexible; there-
fore it cannot be unobtrusively routed
around the walls of a room. In connect-
ing the cable to the antenna terminals of
the television set, one must deal with the
problem of the two stripped conductors
bearing the weight of the cable, and this
may be a considerable strain if the ter-
minals are two or more feet above the
horizontal run of the cable. Also, one
has the problem of just how to connect
the cable shield and drain wire to the
chassis. Furthermore, because of the
lack of connectors, there is no easy or
neat way to connect the cable to the an-
temma itself.

N. Posci
La Crescenta, Cal.
* * *
PLANTS & ELECTRONICS
To the Editors:

In response to the many letters re-
ceived commenting on my article “Elec-
tronics and the Living Plant” (ELEc-
TRONICS WorLp, Oct., 1969), we have
designed an acoustical plant response
detector. The instrument permits basic
experiments in the new field of galvanic
plant behavior and produces changes in
audio pitch as selected specimens react
to physical stimulation. We also have
printed circuit boards available for those
who wish to build their own units. For
information write to: Electro-Physics
Lab., Box 3284, San Bernardino, Cal.
92404.

L. GEORGE LAWRENCE
San Bernardino, Cal
* * *
TRIGGERED-SWEEP SCOPE
To the Editors:

I have built the “Triggered Sweep
for Any Scope” (Nov., 1969 issue) and
find that it performs beautifully even
though I used perf board and non-spe-
cified semiconductors.

I would like to request that the cir-
cuit be expanded to include a slow-
sweep (one to look at heart beats,

ELECTRONICS WORLD
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about 1.43 per second). 1 have tried
several modifications with mediocre re-
sults.
Joun E. SCHUBERT
827 Minnesota St.
Lantana, IFla. 33460
* * *
TRANSISTOR-TESTER SOCKET
To the Editors:

Your recent article on a “Multirange
Transistor Tester” (in the April issue)
showed a transistor socket with four
terminals. What is the purpose of this
socket?

Rayyoxp CARTER
Detroit, Mich.

This is a multipurpose socket that
will accoinmodate transistors whose pin

’-;_\u Y s I

E slc  Efes sc  E- c
R i
CIRCUL AR IN-LINE MULTIPURPOSE

arrangements are cither in-line or ar-
ranged in a circle as shown in these bot-
tom views.—Editors
* * *
PARTS FOR PHONOS
To the Editors:

In reply to vour “Radio & Television
News” paragraph regarding “Hunting
Old Recorder and Phonograph Parts,”
let me advise vou and your readers of
another source of tape-recorder and
phonograph parts. My company fur-
nishes most parts from stock, not just a
few key parts. We have the most com-
plete stock of tape-recorder and phono-
graph parts under one roof; that is, in
excess of 10,000 parts.

Tep E. DIETENTIOFER
United Sound & TV Co.
5036 Venice Blvd.
Los Angeles, Cal. 90019
* * *
SINGLE-SIGNAL S.W. RECEIVER
To the Editors:

The article titled “A Single-Signal
S.\W. Receiver” (April, 1970, puge 64)
contains a suggestion which, if fol-
lowed. would result in a violation of lo-
cal electrical codes. These state that
earth grounds, such as cold-water
pipes, mav not be used as returns for
mains current.

To insure that the antenna lead does
not become “hot” due to failure of the
antenna-coupling capacitor, it would be
better to use two 300-pF capacitors in
series. and connect to the line in the
convenlional manner using a two-
pronged plug. A lightning arrester con-
nected to the antenna at the point of
entry would prevent catastrophic fail-
ure of the two capacitors due to a
lightning surge. The probability of two
capacitors failing in a short mode is
negligibly small.

Arrx PATERSON
Nutley, N. J. A

July, 1970

Goof-Proof

- 260-5P

A .

sl i R B R

the

they

can’'t
burn

out!

.
", OVERLOAD PROTICIED
1. TSOLT O - MILLAMMETER

w7y A

All Ranges Protected except for 10 Amp, 1 kV,
and 5 kV ranges. Even takes line voltage on the
Rx1 range without damage!

Button Pops Out to Indicate Overload. Lets oper-
ator know instantly that an overload is present.
Does not require massive overloads to activate.

Cannot be re-set While Overload Is Present. The
260-5P’s protective circuits are truly defeat-proof.

New Shock-Proof Taut Band Movement cannot
develop error-causing friction from rough treat-
ment. Self-shielding, too.

GOOF-PROOF 260-5P VOM

Complete with test leads and ¢ 9 7 00
operator’s manual. .............

GET “'OFF THE SHELF" DELIVERY
FROM YOURTOCAL
ELECTRONIC DISTRIBUTOR.

[INSTRUMENTS YHAT STAY ACCURATE |

@
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5200 W. Kinzie Street, Chicago, lllinois 60644 e Phone (312) 379-1121

EXPORT DEPT.: 400 W. Madison Street, Chicago, llinois 60606, Cable Simelco
IN CANADA: Bach-Simpson Ltd., Ontario
IN INDIA: Ruttonsha-Simpson Private Ltd.
International House, Bombay-Agra Road, Vikhroli, Bombay
CIRCLE NO. 123 ON READER SERVICE CARD
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STEREO TEST
RECORD

MO0, 5A
FOR HOME AND LABORATORY USE

. EE.

RECORDS IN
YOUR ENTIRE
COLLECTION!

New Standard in Stereo Testing! The All-New

Model SR12 STEREO TEST RECORD

The most complete ... most sophisticated . ..

most versatile Test Disc available today!

Whether you're an avid audiophile who'll settle for nothing but peak
performance from his stereo components ... a casual listener who'd
like more insight into the challenging world of stereo reproduction
... or a professional technician who needs precise standards for lab
testing . . . the new MODEL SR12 will be the most important disc
in your entire collection. SR12 has been produced by Stereo Review
Magazine for music lovers who want immediate answers to ques-
tions about the performance of their stereo systems and how to get
the best possible sound reproduction. SR12 is the most complete
test record of its kind—containing the widest range of checks ever
included on one test disc.

MAKE THESE IMPORTANT STEREO CHECKS BY EAR . ..
(NO INSTRUMENTS OF ANY KIND REQUIRED)

FREQUENCY RESPONSE — a direct warble-tone check of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz e SEPA-
RATION — indicates whether you have adequate separation for good
stereo @ CARTRIDGE TRACKING — devised for checking the per-
formance of your cartridge, stylus and tone arm e CHANNEL BAL-
ANCE — two broad-band, random-noise signals which permit you to
eliminate any imbalances originating in cartridge, amplifier, speak-
ers or room acoustics ¢ HUM AND RUMBLE — foolproof tests that
help you evaluate the actual audible levels of rumble and hum in
your system e FLUTTER — a sensitive “musical” test to check
whether your turntable’s flutter is low, moderate, or high e PLUS:
Cartridge and Speaker Phasing e Anti-Skating Adjustment @ “Gun
Shot Test” for Stereo Spread e Multi-purpose Musician's "A” e
Equal-tempered Chromatic Octave e Guitar-tuning Tones.

FOR THE ULTIMATE IN STEREO TESTING,
7 CRITICAL TEST EQUIPMENT CHECKS . ..

Attention professionals: Model SR12 is also designed to be used as
a highly efficient design and measurement tool. In the following
tests, recorded levels, frequencies, etc. have been controlled to lab-
oratory tolerances—affording accurate- numerical evaluation when
used with oscilloscope, chart recorder, output meter, intermodulation-
distortion meter and flutter meter.

® 1,000-Hz square waves to test transient and high-frequency re-

sponse of phono pickups. e 500 to 20,000 Hz frequency-response:

sweep. e Sine-wave tone-bursts to test transient response of pick-
up. e Intermodulation test using simultaneous 400-Hz and 4,000-Hz
signals. e Intermodulation sweep to show distortion caused by ex-
cessive resonances in tone arm and cartridge. e 1,000-Hz reference
tones to determine groove velocity. e 3,000-Hz tone for flutter and
speed tests. e Sample waveforms — |llustrating both accurate and
faulty responses are provided in the Instruction Manual for compari-
son with the patterns appearing on your own oscilloscope screen.

8 Page Instruction Manual
includes detailed instructions,
charts, tables and diagrams.

THE
2 MOST
IMPORTANT

Only $498 each

S moRm‘lewSTERE; ;I
DEMONSTRATION
RECOR

The Most Spectacular Sound Exhibition
of STEREO FIDELITY
Ever Available on one Disc.

This record is the result of two years of intensive research in the
sound libraries of Deutsche Grammophon Gesellschaft, Connoisseur
Society, Westminster Recording Company and Cambridge Records
Incorporated. The Editors of Stereo Review have selected and edited
those excerpts that best demonstrate each of the many aspects of
the stereo reproduction of music. The record offers you a greater
variety of sound than has ever before been included on a single disc.
It is a series of independerft demonstrations, each designed to show
off one or more aspects of musical sound and its reproduction.
Entirely music, the Record has been edited to provide self-sufficient
capsule presentations of an enormous variety of music arranged in
a contrasting and pleasing order. It includes all the basic musical
and acoustical sounds that you hear when you listen to records,
isolated and pointed up to give you a basis for future critical listening.

WIDE RANGE OF DEMONSTRATIONS
e Tachniques of Separation & Multiple Sound Sources e Acoustic
Depth @ Ambiance of Concert Hall @ Sharp Contrasts of Dynamics
e Crescendo & Diminuendo e Very High & Very Low Pitched Musical
Sounds e Polyphony (2 or more melodies at once) With Both Similar
& Contrasting Instruments @ Tonal Qualities of Wind, String & Per-
cussion Instruments e Sounds of Ancient Instruments e Sounds of
Oriental Instruments e Sound of Singing Voice, Both Classically
Trained and Untrained e Plus a Large Sampling of Finger Snap-
ping, Hand Clapping, Foot Stamping & Other Musical & Percus-

sive Sounds.
13 SUPERB SELECTIONS

STRAUSS: Festive Prelude, Op. 61 (excerpt) DGG.
DEBUSSY: Feux d'artifice (excerpt). Connoisseur Society.
BEETHOVEN: Wellingtan's. Victory (Battle Symphony) (excerpt from
the first movement) Westminster Records:
MASSAINO: Canzona XXXV & 16 (complete) DGG Archive.
CORRETTE: Concerto Comique Op. 8, No. 6, “Le Plaisir des Dames"
(third movement) Connoisseur Society.
KHAN: Raga Chandranandan {excerpt) Connoisseur Society.
RODRIGO: Concert—Serenade for Harp and Orchestra (excerpt from
the first movement) DGG.
MANITAS DE PLATA: Gypsy Rhumba (complete) Conn. Soc.
MARCELLO: (arr. King): Psalm XVIl ""The Heavens are Telling"
(complete) Connoisseur Society.
PRAETORIUS: Terpsichore: La Bourrée XXX!I (complete) DGG
Archive.
BERG: Wozzeck (excerpt from Act Ill) DGG.
BARTOK: Sonata for two pianos and Percussion (excerpt from the
first movement) Cambridge Records.
BEETHOVEN: Wellington’s Victory (Battle Victory) {excerpt from the
last movement) Westminster.

Descriptive Booklet Enclosed includes discus-
sion of the selections on the record. plus a
complete description of each selection and the FREE
purpose behind its demonstration.

NOTE — THE STEREO DEMONSTRATION RECORD ONLY IS AVAILABLE IN YOUR CHOICE OF 33% RPM OR 45 RPM

Both the Model SR12 Stereo Test Record and Stereo Demonstration Record
anti-static, repels dust and dirt and promotes ionger stylus wear. The use

are processed and pressed on a newly developed, improved viny!. It is permanently
of this material is conductlve to low surface noise and contributes to the produc-

tion of full dynamics and frequency range. The record continually looks new, sounds new and wears longer.
r——------.----————--——--—----————---------------1

RECORDS < Ziff-Davis Service Division
595 Broadway * New York, N.Y. 10012

My check (or money order) for § is losed.
Please send:

Stereo Review Stereo Demonstration Records at $4.98 each, postpaid.
Check one: [] 33% RPM [J 45 RPM
Model SR12 Stereo Test Records at $4.98 each, postpaid.

(Outside U.S.A. please send $7.00 per record ordered.) New York State residents
please add local sales tax.

I"----

Print Name l
|

Address I
City |
. 1

State Zip i
PAYMENT MUST BE ENCLOSED WITH ORDER =V 7 7° |

-------—---------------------------------------J
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Where There’s Smoke...

There isn’t always fire. So reports National Electronic Associations from a survey they made nation-
wide. The survey indicates only about 4000 television receivers caused “fire damage” in the past 12 months.
Half produced no flame damage. That’s infinitesimal, with somewhat over 85 million television receivers
now in use.

One key factor was pointed out in the NEA report. Technicians say “burned-out fuse,” “burned-out dial
lamp,” “burned resistor,” or “burned-out tube.” None of these phrases has anything to do with fire, but
customers often interpret them incorrectly. The odor of an overheated transformer or resistor can be mis-
construed by an untutored set-owner as something afire. With the scare stories being circulated by a few
politicians and careless mass media, technicians must be careful how they report ordinary set failures to
their customers.

Future Grows for Quadrasonics

Four-channel sound, with speakers behind the listener as well as in front, seems firmly the hi-fi wave
of tomorrow. Two “mass” producers of home electronics are now on the quadrasonics bandwagon. Until
now, quadrasonic systems were pieced together from components built by hi-fi specialists.

RCA Victor Records will release five- or six-dozen quadrasonic tape cartridges later this year. RC4
Sales Corp. is already offering a four-channel home sound system. It incorporates an AM/stereo-FM tun-
er that also receives v.h.f./u.h.f. TV sound. The tape player is a converted 8-track unit.

Almost simultaneously Motorola announced its “Quad 8” four-channel add-on unit for automobiles.
Front-to-back sound seems to have truly caught on.

Second Service Technician Convention

The National Alliance of Television & Electronic Service Associations (NATESA) has set its 1970 con-
vention for August 14-16. It will be held at the Pick-Congress Hotel in Chicago. NATESA has planned
seminars on managing an electronics servicing business.

Before this convention that of the National Electronic Associations will be held in St. Louis during mid-
July—see “Technicians Plan Their Convention,” page 6, last month’s column.

Emergency Channel for CB

After years of pushing, proponents of Citizens Band radio got the Federal Communications Commis-
sion to set aside channel 9 (27.065 MHz) for emergency use exclusively. Beginning the end of July, CB
channel 9 can’t be used for anything except messages involving protection of life and property. Presum-
ably, that includes helping stranded motorists, the chief intent of those asking for reallocation of channel 9.

The FCC should clarily how to use channel 9, otherwise those who misuse CB channels anyway will tie
up a lot of air time “helping” each other.

One efficient way is to designate 27.065 a “calling and salety” frequency. Everyone stands by on chan-
nel 9. To establish contact, an operator makes his initial call on that frequency. Once he raises a slation
that can help him, both switch to a mutually agreeable channel. That clears the safety channel for other
emergencies. This concept should be promoted through REACT, HELP, and CB club organizations.
Backed by fines for those who “fat-chew” on channel 9, this idea would put most CB use in the “public in-
terest” category sensible users have made for it in a few localities.

RCA Selects ‘‘ServiceAmerica”’

July, 1970

ServiceAmerica is the name chosen by RCA for its new organization which will service all brands of TV
sets and other home-entertainment products. It will operate independently of RCA Service Co. (which ser-
vices only RCA brand and W hirlpool appliances) and will offer servicing on all brands of radio, televi-
sion, and home entertainment appliances. RCA plans to open the first ServiceAmerica center in the Phila-
delphia area by mid-year; the second is scheduled for the San Francisco area; and then gradually will be
expanded nationwide.

www.americanradiohistorv.com
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RCA4 Executive Vice-President A. L. Conrad points out that the service business is growing faster than
new product sales, and should exceed new-set dollar volume for the first time in 1970. Studies conducted by
RC4 show that the volume of the television service business alone will grow $600 million over the next
four years.

Foreseeing objections on the part of individual service organizations, RCA made it clear that black-and-
white and color picture tubes. vacuum tubes, and other parts will be purchased directly from independent
local distributors. It wasn’t made clear, however, whether the service technicians would use only RCA
tubes and components.

RCA will be stepping up its programs for training service personnel in order to meet the needs of Ser-
viceAmerica. Present plans call for five weeks of basic training, plus one day a week for additional study
over the following six months.

TV Servicing Reasonably Profitable

Nightchib comedians, notwithstanding. the radio and TV technician is not among the top small business
operations [rom the standpoint of profitability. according to the “Yearbook for 1969” just published by the
Accounting Corporation of America. The Yearbook gives statistical details on 9121 business firms in 48
basic small-business categories as revealed by a computer study of data supplied by several hundred ac-
countants serving small business enterprises doing from $25,000 to $300.000 in volume.

The often-maligned TV service technician showed an average profit of 12.98 percent helore taxes in
1969. From the standpoint of profits, the new car dealer is at the hottom of the list. The data shows that in
1969 the average profit before taxes in this field was 4.21 percent, just slightly better than the 4.15 percent
of the previous year. Used car dealers are next to the hottom with an average profit of 4.35 percent, down
from 1.51 percent in 1968.

The fastest growing business. from the standpoint of volume. is heauty shops while the auto parts and
accessories businesses lag behind in growth. There must be some sort of message here.

The highest profit margins shown by the study are by motel operators with a ratio of profit to sales in-
dicated as 23.12 percent, up slightly from the 23.12 percent recorded in 1968. All of the profit margins
are based on sales rather than on investment.

Improved Color Uniformity in TV Sets

Better color uniformity on home color sets may be achieved through use of the proposed Vertical Inter-
val Reference (VIR) signals by broadcast stations. The EIA committee. chaired by Bernard D. Loughlin,
VP for Rescarch at /lazelrine. is planning preliminary field tests of VIR signals.

These VIR signals would give broadcast stations a constant color reference to confirm. before the signal
is broadcast. that the chrominance-to-luminance ratio is correct and that the color burst represents a prop-
er reference for hoth the phase and amplitude of the chrominance signal.

Several variants of the VIR signal will be tried during the preliminary tests. The signal contains chro-
minance. luminance. and black-level references, and is proposed for Line 20 during the vertical interval
just before the start of picture information. Tests will start with the signal on both fields, although some
tests will be run with the signal on only one field.

Present planning calls for local on-air tests in the New York City area to he run hefore the middle of June
with network tests scheduled for completion early in July. (More about this in a feature article in next
month’s issue.)

Flashes in the Big Picture

10

Cable-TV audience data can be gathered eclectronically with new channel-monitoring device from
H & B American, large cable operator. ... Los Angeles Better Business Bureau. with help of California State
Electronies Association. is setting up office to arbitrate disputes between service shops and customers. . . .
Electronic Industries Association is gearing up for long-range study of where electronics industry is
heading: survey to cover next 15 years. . . . Zenith now claims to be number-one in color-set sales, spot
held by RCA virtually since inception of color TV. . .. U.S. has over 860 TV stations now, about one-
third of them u.h.f.; 20 percent of total are education stations. . . . More than half of all radios sold this
year receive FM; that’s good news for our nearly 2600 FM stations. . .. Japanese firms are cooperating to
develop all-TC color TV, same as they are for all-IC stereo-I'M set (which hasn’t appeared as yet). ... It’s
a Crazy Business Dept.: People on welfare in North Carolina can now own color TV and high-quality
stereo; before, they were automatically ineligible for welfare payments if they owned either. Wonder if the
new ruling also applies to Cadillacs? A

ELECTRONICS WORLD
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EMGBT
ORGANIZED for
MOBILE GB-ers

new organization has been set up to
A provide 24-hour-a-day monitoring
of the Citizens Band emergency chan-
nels as a crime deterrent, police and fire
department aide, and a highway emer-
gency service.

Known as EMCBT (Emergency Mon-
itoring Citizens Band Team), the new
group maintains headquarters in Or-
ange, California. The association is made
up of two groups; county organizations
and a national group whose membership
consists of truckers, military personnel,
and businessmen who travel.

Each local organization has its own
set of bylaws and the monthly dues of
$2.00 are retained by the club to finance
its own activities and purchase equip-
ment. The one-time initiation fee of
85.00 is turned over to the national
headquarters to defray the costs of mem-
bership cards, car and/or truck decals,
assistance cards, membership certifi-
cates, and administration expenses.

EMCBT is open to any person who
holds a class-D license issued by the
FCC. At present there are chapters in
Spokane, Washington; Cheyenne, Wyo-
ming; Peoria, Illinois; South Bend, Indi-
ana; Niles, Michigan; Rochester, New
York; Kechi, Kansas; and Orange, Cali-
fornia. The various chapters obtain spon-
sors locally, while the “mobile” member-
ship report to national headquarters but
are permitted to attend local chapter
meetings in any city where they happen
to be.

Members are available to assist the
police in search and rescue missions, in
disasters if called upon by authorities,
to help with such campaigns as the
March of Dimes, Red Cross, etc., and in
Civil Defense exercises. With the asso-
ciation’s 24-hour-a-day monitoring ser-
vice, members are expected to assist
authorities by reporting suspicious per-
sons, fires, or other hazardous condi-
tions. At present EMCBT monitors
channel 14, which is one of the three
channels designated by the FCC for
emergencies.

Conipplete details on EMCBT are
available fromm Harold Morrell, Presi-
dent, EMCBT, P.O. Box 1644, Orange,
California 92668. When writing, specify
whether you are interested in organiz-
ing or joining a local group or wish de-
tails on membership. A

July, 1970

$45,000

HOW MANY DO YOU WANT?

' WE CAN PROVIDE YOU WITH THIS COMPLETE, ﬂHﬂRGUGHLY AUTHENTICATED

UP-TO-DATE MANUAL FOR ONLY $9.50.

The cost for preparing the 1969-70 DRAWING RE-
QUIREMENTS MANUAL—a definite guide for drawing
to the requirements of MIL-D-1000 and Mit-STD-100
\ — is over $45,000 per year. Can you or your com-
pany afford to bear this expense on your own? You
can't afford to do without this vital information.

| When you prepare your drawings in accordance with
| MIL-D-1000 and MIL-STD-100, this DRAWING RE-
QUIREMENTS MANUAL is a must.

A must for every designer, checker, machinist, in-
spector, quality control man and purchasing agent.
Keeps every member of the design, production and
inspection team abreast of today's state of the art.

‘ DOCUMENTATION
SERVICES, INC. |
S 3950 Campus Drive |
Newport Beach, Ca. 92660 |
Phone: (714) 5409870 |
|

GLOBAL ENGINEERING |~ "~ ™"~

Global Engineering Documentation Services, Inc. w |
P.0. Box 2060, Newport Beach, Ca. 92663

Please send me
$9.50 each, and

Saves time,
Prevents costly
misunderstandings.
DRAWING REQUIREMENTS
MANUAL is conueniently
organized into 24 sections, with q:i} p-ages 270
iliustrations and a detailed indzx nf mwre than 1300
major and sub classifications.

SPECIAL FEATURE: Section Ten of DRAWING RE-
QUIREMENTS MANUAL interpreting “Dimensions and
Tolerances” (USAS Y 14.5) may be purchased sep-
arately, so that shop personnel, inspector and sub-
contractor all use the same interpretation for manu-
facturing and inspection of products.

copies of Drawing Requirements Manual at I
copies of Section 10 at $1.70 each.

(California residents add 5% state tax.)

A naw standard of excallence that de
by performance. [t's advanced cesi

CIRCLE NO. 139 ON READER SERVICE CARD

EXCLUSIVE! NOBODY BUT NOBODY CAN TOP THESE FEATURES!

o PRIORITY CHANMEL SIGNAL LOCKS TO THE EXCLUSION OF ALL OTHER SIGNALS®
o CARRIER DELAY ALLOWS CPERATOR TO HEAR THE MOBILE CALLBACKS®
¢ MANUAL SELECTION ACCOMPLISHED BY SLOW SCAN TECHNIQUE*

SONAR-SCAN

FM MONITOR RECEIVERS

mparisar. With varsatility that'
, elrcuitry and unusually crigp clear se

il LFME

Send information on Mode! FR2514/15 SONAR-SCAN.

|
(213) 624-1216 NAME o :
TWX: (910} 595-1595 | CoMPANY - |
ADDRESS - MAIL STOP.
ORDER YOURS TODAY. | oo foer P ,
FULL REFUND IF NOT | Postage prepaid if check accompanies order. Additional charge for |
COMPLETELY SATISFIED. Alr Mail {1 1b. 9 oz).

are cnly a few of the many l._-nturu: far the wltirma
SOMAR-SCAM w
grammed chann

search and :lp.m:wn-!ntl":lnlIsl lo

pRiORITY  SCAN  MAMUAL

SONAR RADIO Dept. 891
Name
CORPORATION
73 Wortman Avenue Address
Brooklyn, N.Y. 11207 city State -
CIRCLE NO. 121 ON READ :R SekY.Co Ghi.cb
n
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- alive with NRI
Training Kits
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DISCOVER THE EASE AND EXCITEMENT
OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits—"Bite Size" Texts

Only NRI offers you this pioneering method of simpli-
fied **3 Dimensional’’ home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. It's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. If you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NR| has simplified Electronics by producing ‘‘bite
size' lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NRI's exclusive Achievement
Kit, containing everything you need to get started fast.
(lllustrated at right.)

NRI has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it's
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm into a new
adventure filled with the excitement of discovery.

NRI has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . . . be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause “problems” in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. It's the priceless ‘““third dimension” in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

AERAITING

BERVICIME

T

i i

YOU GET MORE FOR
YOUR MONEY FROM NRI

Mail postage-free card now for your free NRI catalog.
Then, compare. You'll find—as have thousands of others
—NRI training can’t be beat. Read about the new
Achievement Kit sent the day you enroll; about **bite-
size "’ texts and custom designed training equipment.
See why NRI gives you more value. Whatever your reason
for wanting more knowledge of Electronics, NRI has an
instruction plan for you. Choose from major programs in

TV/Radio Servicing, Industrial Electronics and Complete
Communications. Or select from

special courses to meet specific AvailableUnder
needs. Check the course of inter- NEW
est to you on postage-free card GI BILL

and mail today for free NRI cata-
log. Nosalesmanwill call. NATIONAL
Rapio InsTiTUTE, Electronics Div.,
Washington, D.C. 20016.

If you served since
January 31, 1955, or
are in service, check
Gl line in postage-
free card.

Career? Part-Time Earnings? Hobby? Choose From 12 Training Plans

1. TELEVISION-RADIO SERVICING —
Learn to fix all TV sets, including Color.
Includes your choice of NRI Color Kit or
19” black-white TV Kit. Also covers
radios, stereo hi-fi, etc. Profitable field
spare or full-time.

2. INDUSTRIAL-MILITARY ELECTRON-
ICS — Basics to computers. Starts with
fundamentals, covers servos, telem-
etry, multiplexing, phase circuitry, other
subjects.

3. COMPLETE COMMUNICATIONS %k —
Operation, service, maintenance of AM,
FM and TV broadcasting stations. Also
covers marine, aviation, mobile radio,
facsimile, radar, microwave.

4. FCC LICENSE %k — Prepares you for
1st Class FCC License exams. Begin
with fundamentals, advance to required
subjects in equipment and procedures.

July, 1970

5. MATH FOR ELECTRONICS — Brief
course for engineers, technicians seek-
ing quick review of essential math:
basic arithmetic, short-cut formulas,
digital systems, etc.

6. BASIC ELECTRONICS — For anyone
wanting a basic understanding of Radio-
TV Electronics terminology and compo-
nents, and a better understanding of
the field.

7. ELECTRONICS FOR AUTOMATION —
Not for beginners. Covers process con-
trol, ultrasonics, telemetering and re-
mote control, electromechanical meas-
urements, other subjects.

8. AVIATION COMMUNICATIONS 3k —
Prepares you to install, maintain, serv-
ice aircraft in-flight and landing sys-
tems. Earn your FCC License with
Radar Endorsement.

CIRCLE NO. 118 ON READER SERVICE CARD
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9. MARINE COMMUNICATIONS %k —
Covers electronic equipment used on
commercial ships, pleasure boats. Pre-
pares for FCC License with Radar
Endorsement.

10. MOBILE COMMUNICATIONS 3k —
Learn to install, maintain mobile trans-
mitters and receivers. Prepares for FCC
License exams.

11. ELECTRICAL APPLIANCE REPAIR —
Learn to repair all appliances, including
air conditioning, refrigeration, small gas
engines, Leads to profitable part or full-
time business.

12. ELECTRONICS FOR PRINTERS —
Operation and maintenance of Elec-
tronic equipment used in graphic arts
industry. From basics to computer cir-
cuits. Approved by major manufacturers.

*You must pass your FCC License

exams (any Communications course) or NRI
refunds in full the tuition you have paid.
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EXPERIMENTER

HANDBDO
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1970 WINTER ELECTRONIC
EXPERIMENTER'S HANDBOOK

148 pages of the most fascinating and challenging
construction projects for the electronics hobbyists.
All with complete schematics, illustrations, parts
list, and easy-to-follow instructions that guarantee
you perfect finished products.

$1.35

ledge:--
For Know brofit...Fo!

Srred Readws

TAPE RECORDER 1575

TAPE RECORDER ANNUAL
Over 130 pages covering every aspect of tape re-
cording. Complete buyer's guide to the brands and
models on the market. Expert tips on equipment—
making better tapes—editing—copying—everything
you want and need to know about tape recording.

$1.35

GET THE DELUXE
LEATHERFLEX-BOUND
EDITIONS FOR JUST
$3.50—POSTPAID!
These valuable an-
nuals are also avail-
able in handsome DE-

LUXE EDITIONS. Each
volume is bound in
superb leatherflex—a
softly textured, gold-
embossed cover which
also provides rugged,
lasting protection.

They are truly collec-
tor’s items . . . prized
~f additions to your elec-
Al tronics bookshelf. And
they’re yours, for just
$3.50 each postpaid.
(Please allow three
additional weeks for|
delivery.) i
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1970 SPRING ELECTRONIC
EXPERIMENTER'S HANDBOOK

Another big package containing the most challenging,
fun-to-build electronics projects ever! Be sure to
order this one today!

$1.50

Electroni
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COMMUNICATIONS HANDBOOK _
148 fact packed pages for the CB, SWL or HAM.
Equipment buyer's guide—photos—tables—charts
—getting a license—everything to make this the
world's most complete guide to communications.

$1.35

Please send me the annuals |'ve checked below:
) Deluxe Edition, $3.50
] Deluxe Edition, $3.50

] Deluxe Edition, $3.50

O Winter 1970 Electronic Experimenter’s Handbook, $1.35

[0 Spring 1970 Electronic Experimenter’s Handbook, $1.50

ST E R E (m] taweiite.
HI-FI Kt
DIRECTQRY e

1970
STEREQ/HI-FI DIRECTORY
Giant 180 page buyer's guide listing more than
1,600 individual Stereo/Hi-Fi components by 176
manufacturers. Nine individual sections complete
with specs, photos, prices—the works!

$1.35

Sheer

ELECTRONICS

i
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1970 ELECTRONICS INSTALLATION &
SERVICING HANDBOOK

For the serviceman who is also a businessman—the
hobbyist who is also a perfectionist! Covers all 8
areas of consumer electronics servicing—all the
tricks of the trade—in one complete, up-to-date
guide. This is the industry’s ‘‘how-to’’ book for
installing and servicing consumer electronics

equipment.
$1.35

USE THIS COUPON TO ORDER YOUR COPIES TODAY!
ZIFF-DAVIS SERVICE DIVISION ® Dept. W @ 595 Broadway, New York, N.Y. 10012

] 1970  Stereo/Hi-Fi Directory, $1.35
(J Deluxe Edition, $3.50

[1 1970 Tape Recorder Annual, $1.35
{C Deluxe Edition, $3.50

[ 1970 Electronics Installation & Servicing Handbook, $1.35 [] 1970 Communications Handbook, $1.35

[0 Deluxe Edition, $3.50

In U.S.A., add 25¢ for shipping and handling for each Regular Edition; Deluxe Editions are postpaid. Outside
U.S.A., Regular Editions are $2.00 each. Deluxe Editions are $4.50 each, postpaid.
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Find R.M.S. Values Graphically

By WESLEY A. VINCENT / Government Electronics Div., Matorola Inc.

By using graph paper and counting squares, you can obtain
the effective values of a voltage or a current waveform.

HOSE familiar with electronic terminology recognize

the abbreviation r.m.s. as meaning the root-mean-

square or eflective value of a current or voltage wave-
form. I, or V.. stands for the equivalent direct current or
direct voltage value of a time-varying current or voltage
which would produce the same amount of heating. While the
r.m.s. value of a sine wave is 0.707 times its peak value. this
relationship does not hold true for waveforms of other shapes.
Furthermore, most common v.t.vam.’s with an r.ms. scale
determine r.m.s. values for sine waves only. The r.m.s. values
for other waveforms are usually in error.

If a waveform can be described by an equation and thus is
known analytically, the r.m.s. value can be obtained using
analytical methods. However, in many cases an exact value
may not be necessary and a quicker method for obtaining the
ran.s. value may be obtained using graphical techniques. By
using graph paper and counting squares, the r.m.s. value of
most periodic waveforms can easily be obtained.

To find the r.m.s. value for a current or voltage waveform,
first square the waveform. Next, determine the average or
mean value of the squared waveform. To find the average
value, divide the area under the squared waveform during
one period by the length of one period. And, finally, take the
square root of the average value determined in the above step.

Let’s ook at two examples. First consider a square wave of
voltage whose amplitude is =30 volts or 100 volts peak-to-
peak, as shown in Fig. 1A. First the waveform is squared as
shown in Fig. 1B. The amplitude of the squared waveform is

2500. The mean or average value for one period is also 2500.
In the last step we take the square root of the squared ampli-
tude, which is 50. Thus 50 volts is the r.m.s. value of the
square wave. More generally, we can conclude that the r.m.s.
value of a square wave is equal to its peak value or one-
half of its peak-to-peak value.

In the next example let’s find the r.m.s. value for the cur-
rent waveform shown in Fig, 1C. Again we first square the
waveform. The squared waveform in Fig. 2A is obtained by
squaring the end points and a few in-between points to get a
general idea of the shape of the waveform. For the next step
the average or mean value of the squared waveform must be
obtained. Using graph paper, the number of squares is de-
termined under the squared waveform for one period. For
Fig. 2A approximately 81 squares were counted using 10
divisions-per-inch graph paper. The average is now deter-
mined by dividing the area by 20, the number of divisions in
one period. Thus the average value would be approximately
4 as shown in Fig. 2B. The r.m.s. value is determined by
taking the square root of the squared value, and is found to
be 2 amps r.an.s. (Fig. 2C).

The r.n.s. values for other periodic waveforms are deter-
mined in the same manner. Using this graphical teclmique,
approximate answers can be found quickly. To determine
r.ns. values more accurately use higher density grid graph
paper and spend a little more time in determining the shape
of the squared waveform and area under the squared wave-
form.
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Fig. 1. (A) Square waveform of voltage—one complete cycle or period of the waveform is denoted by t. {B) Square wave-
form after squaring; the average squared value is the same as the squared value and the r.m.s. value is the same as the
peak value, or 50 volts. {C) Sawtooth current waveform whose r.m.s, value is to be found in the second example covered.
Fig. 2. {A) Current waveform of Fig. 1C squared. Area of the squared waveform is determined by counting squares on the
graph paper. (B) Average value is determined by dividing area of the square waveform during one period by the length
of the period. The average value here is 81 divided by 20, or approximately 4. The r.m.s. value is the square root of 4,
or 2 amperes. (C) The r.m.s. value of the waveform is shown. The heating effect produced is the same as 2 amps d.c.
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HIi-FI PRODUCT REPORT

EW LAB TESTED

by Hirsch~-Houck Labs

Altec 892A Madera Speaker

For copy of manufacturer’s brochure, circle No. 1 on Reader Sercice Card.
j b

HE Altece Lansing 892\ Madera is

a medium-sized “bookshelf” speaker
system. measuring 23%” wide by 137
high by 1147 deep. Tt weighs about 39
pounds and. although it is relatively
large as “bookshelf”™ svstems go, it
should present no installation difficulties
for shell mounting.

The 892A is an 8-olun, two-way sys-
tem. with a 10”7 high-compliance woofer
in a fully sealed enclosure, crossing over
at 2500 11z to a compression-loaded
horn  tweeter. A three-position  slide
switch in the rear of the enclosure con-
trols the high-frequency level, with the
“normal”  position  giving maximum
highs. and the others cutting output by
3 dB and 6 dB above about 3 kHz.

The tweeter horn is oriented horizon-
tally, so that optimum high-frequency
dispersion will be obtained with the en-
closire mounted horizontally, s on a
shelf. If it is installed on the floor, in a
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vertical position (for which its size and
styling are well-suited) one would ex-
pect some change in high-frequency po-
lar dispersion. However, this effect, if it
existed, was undetected by our ears and
we would not consider this to be a sig-
nificant factor,

Averaging the outputs from eight mi-
crophones throughout the roon, we ob-
tained a smoothed response curve, It
correlated well with the way the speaker
sounded to our cars. Over-all, the re-
sponse was within =3 dB from 55 Hz to
16 kHz (our microphone response falls
off rapidly above 15 kHz), with notable
smoothness in the important mid-range
between 230 and 2250 Iz, where the
output was constant within +1.5 dB.

The tweeter output, even at its maxi-
mum or “normal” setting, was about 5
dB below that of the woofer just below
the crossover frequency. The resulting
curve had a “swav-Dack” effect in the
2.5- to 8-kHz region. The high-frequen-
¢y output rose to a broad maximum
(equal to the mid-range level) in the
uppermost octave, centered about 10
kHz.

At the low end, the output fell off
smoothly and rather gradually at a 6dB/
octave rate below 100 Hz. The useful
lower limit is about 35 Hz, although the
output at that frequency was down
about 15 dB from the mid-range level,
when the speaker was wall-mounted.
Placement on the {loor, and particularly
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Altec 892A Madera Speaker
Scott Model 382-C Receiver

in a corner, should boost the lowest fre-
quencies appreciably.,

Even at the lowest frequencies, the
distortion remained low, albeit at a re-
duced output level. At a l-watt drive
level, the distortion was under 2% above
60 Hz, reaching 5% at 38 Hz and 10% at
20 Hz. Tone-burst response was gener-
ally good, although some ringing could
be seen between bursts at most frequen-
cies between 300 Hz and 3 kHz. How-
ever, there was never a severe distortion
of burst shape or generation of spurious
frequencies. At low and high frequen-
cies, the tone-burst response was excel-
lent.

Listening to the 8924, we noticed a
slightly dry, distinetly projected charac-
ter to the sound. Evidently the ear inter-
prets the response curve as though the
mid-range were elevated relative to the
lows and highs, instead of the latter
being below the level of the middles.
The speaker sounds clean and well-bal-
anced, with no obvious emphasis on anv
portion of the spectrum. We preferred
the “normal” tweeter level setting. The
speaker efficiency, although moderately
low, is nevertheless appreciably higher
than that of the least efficient acoustic-
suspension types. We were able to drive
the speaker very adequately with a good
15-watt-per-channel amplifier,

The Altec Lansing 892A Madera sells
for $143.00. A

Scott Model 382-C
AM/Stereo-FM Receiver

For copy of manufacturer’s brochure
circle No. 2 on Reader Service Card.

E have often been asked how inte-

arated circuits can benefit the user
of high-fidelity equipment. In a few cir-
cuits—notably the limiters of M tuners
—IC’s actually outperform most discrete
circuits. However, in most cases, the ma-
jor advantage of IC’s is economic. If it
costs the manufacturer less to design
and build a product, some of his savings
can be passed on to his customers.

II. H. Scott has taken the lead in mak-
ing most effective use of 1C technology
in its new Model 382-C stereo receiver.
Not only are IC’s used wherever tliey
can iimprove the performance or reduce
costs, but the receiver incorporates a
number of design and construction fea-
tures rarely found in consumer electron-
ic products.

To appreciate the design of the re-
ceiver, one must examine its circuits in

ELECTRONICS WORLD
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some detail.

It is soon apparent that
most of the familiar circuit svmbols are
missing from the schematic, replaced by
cryptic rectangles and triangles repre-
senting 1C’s. The FAI front-end is con-
ventional but completely up-to-date,
with an FET r.f. amplifier and bipolar

transistors as mixer and oscillator. The
i.f. amplifier has an IC gain stage fol-
lowed by a four-pole pair crystal filter.
Two more IC’s provide gain and limit-
ing, with a full-wave voltage-doubling
rectifier supplyving a.g.e. voltage to the
FET r.f. amplifier. The only adjustable
component in the i.f. section is the trans-
former that couples the signal to the ra-
tio detector.

The manufacturer has introduced the
“Perfectune” FM tuning indicator,
which is far easier to use and more accu-
rate than a zero-center tuning meter, let
alone a relative signal-strength type of
tuning meter. An 1C voltage comparator
senses the d.c. output of the detector
and lights a lamp when the input is es-
sentially zero, corresponding to correct
tnnmg The lamp illuminates the word

“Perfectune” on the panel. Even a slight

mis-tuning, indistinguishable to the ear
or even on many Zzero-center meters,
causes the lamp to go out. A noise-oper-
ated inhibit circuit prevents the lamp
from being actuated unless a station is
tuned in.

The AM tuner front-end has an FET
mixer and a bipolar transistor oscillator
followed by a fixed-tuned 4-pole 455-
kHz band-pass LC filter. The i.f. is per-
haps the ultimate in simplicity, with an

FET input stage followed by an 1C am-
plifier and a full-wave voltage-doubling
detector. The detector has lower distor-
tion than the usual half-wave detector
and probably contributes to the excellent
AM quality of this receiver. (See article
“High-Quality AM Section in New Hi-
Fi Receiver” by Klaus ]J. Peter in the
June issue.)

The multiplex section uses a single 1C
for practically all its functions. The only
other active device on this board is a sin-
gle-transistor noise amplifier, The mul-
tiplex IC, developed by Motorola, is
claimed to have exceptionally uniform
separation across the audio spectrum,
which we confirmed in our laboratory
tests.

The phono preamplifier uses a single
IC for both channels. A few external re-
sistors and capacitors are added to cre-
ate what must be the simplest stereo
phono preamplifier on the market. The
tone control and loudness-control see-
tion consists largely of discrete compo-
nents, but does have an encapsulated
network of 11 resistors which eliminates
much of the board wiring. Each channel
has a single FET source-follower output
stage.

In its power-amplifier sections the re-
ceiver uses discrete components only.
The drivers are direct-coupled to the
complementary-symmetry output stages,
which in turn are direct-coupled to the
speuakers. The only coupling capacitors
in the power section are located directly
at the input, to isolate them from the
tone-control stages.

The 382-C is a compact receiver, mea-
suring 157 wide, 4%” high, and about
13%” deep behind the pauel with the ad-
justable AM rod antenna fully extended.
The actual chassis depth is ()nlv 10%”. Tt
has two pairs of speaker outputs, activat-
ed by individual push-buttons on the
front panel. One pair of speaker termi-
nals uses the normal screw-type connec-
tions; the other has phono jacks for com-
patibility with certain speakers made by
Scott and others.

Other front-panel puslhi-buttons con-
trol FM muting, loudness compensation,
mono/stereo mode, tape monitoring,
and a high-cut noise filter. Knobs oper-
ate the input selector, volume and bal-
ance controls, and the tone controls. The
latter are concentric types with slip
clutches so that they can be individually
adjusted for each chaunel. The illumi-
nated dial face is opaque when the re-
ceiver is off. There is an illuminated
tuning meter (relative strength indica-
tion suitable for antenna orientation)
used for FAT and AM, although FM tun-
ing is more properly done with the “Per-
fectune” svstem. Next to the “Perfec-
tune” indicator on the panel is a red
stereo-FM indicator which lights when
a stereo signal is received.

The manufacturer applied several sets
of power ratings to the 382-C, such as
110 watts (IHF=1 dB, 4 olis) and 25
watts for both channels driven continu-
ously into 8 ohms.

We used 25 watts per channel as a ref-
erence full-power level for distortion
measurements. At 23 watts, distortion is
under 0.5% from 30 to 20,000 Hz. Over
most of that range it is under 0.2%. At
half power or less, distortion is typically
under 0.2% over the full frequency range
of 20 to 20,000 Hz. Into 4-ohm loads,
the available power is about 33% greater
than with 8-ohm loads; into 16 ohms it
is reduced by about 33%.

The tone-control characteristics are
conventional, and they are mild in their
action. A similar situation exists with the
loudness compensation, which boosts
the lows moderately. We used it much
of the time when listening to the receiv-
er, since it did not add the unnatural
heaviness that is typical of so many loud-
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cut filter has a 6 dB/octave slope above |
4 kHz, which is similar to most such cir-

cuits, although we would prefer a steep-
er slope beginning at a higher frequency.
| The RIAA phono equalization was with- |

[in £0.5 dB from a frequency of 30 to

]
15,000 Hz.
“ “ | | The audio amplifiers require 0.25 volt
| (Aux) or 1.9 millivolts (Phono) for 10-
I watts output. Hum and noise are —70‘
“a“ e | dB referred to 10 watts on Aux and Pho-
u

no inputs.

The FM tuner has an IHF usable sen-
sitivity of 1.8 microvolts, with full limit-
ing at 3 microvolts—one of the steepest
limiting curves we have measured to
date. Its distortion is about 0.85% at 75-
kHz deviation. Frequency response is
=1.5 dB from 30 to 15,000 Fz. Stereo
separation is better than 20 dB over the
full 30 to 15,000-Hz range and typically
between 25 and 30 dB. (Separation and |
distortion figures, although good, do not
duplicate the manufacturer’s specs due
mainly to the limitations of the signal

| generator used by our lab to make the
measurements.—Editor)

In addition to its novel circuit fea- |
tures, the unit employs plug-in circuit
boards which should simplify servicing '
if any is ever needed. Virtually all the
chassis wiring uses wire wrap rather '
than soldering. This is a highly reliable
technique, long used by the telephone|
company.

The favorable impressions which we
formed of the receiver during our tests
were fully confirmed when we tuned
and listened to it. Everything feels “just
right,” and the tuning action could hard-
tor siotted. Allen hex. Phitlips. Frearson, | ly, be be“er.' The ,FL\I muting Y JEIE
Bristol. Clutch Head, Scrulox® serews | with only a faint click, and there is abso-

lutely no noise burst when tuning on or
| off a station. The Stereo-FM light goes
on as soon as the muting is removed

(when a stereo transmission is received ),

but the “Perfectune” light only appears
I when the tuning is exactly oun-center.
{ This is not just another gimmick, but a
really worthwhile improvement that re-
sults in exact tuning.

The unit proved to be very sensitive,
to no one’s surprise. Its sound quality
leaves nothing to be desired. The AM
sound is worthy of special comment,
since it is audibly superior to the run-of-
the-mill AM tuners used in practically
P all stereo receivers. Even though its {re-
_.sii quency respouse does not match tlat of
the FAI tuner, it has a clean, undistorted
sound that is always easy to listen to and
should certainly not offend a critical lis-
'#° | tener’s ears.

2 The Scott 382-C sells for $299.95.
The 342-C, identical except for the
omission of AM, is $269.95. Both are
excellent values, and should be able to
compete effectively with many imported

® | receivers which have tended to dominate
XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127 | the low- and medium-priced receiver
market. A

as a screwdriver. ..

e A A
- R e
o el

as a nutdriver...

for hex nuts. screws. and bolts

as an awl/scriber and reamer

It accommodates 49 interchangeable blades of
various types and sizes.

Its patented spring device permits quick blade
insertion and removal.

It's shockproof, breakproof (UL) plastic. Comes
in three sizes — regular, junior, stubby — also
Tee type.

It's available in a great variety of
sets from 39-piece roll kits to
compact, pocket cases.

For information on
time-saving, space-
saving Xcelite 99" tool kits
and sets, request Catalog 166.

In Canada contact Charles W. Pointon, Ltd.
CIRCLE NO. 119 ON READER SERVICE CARD
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I) It's the new look in Magazine Cases!
The ideal way to save your valuable
copies, keep them well protected
and make it easy for you to refer to
any issue at any time. This bold new
design is both decorative and at-
tractive enough to enhance the
decor of any room—and each case
is specially designed to hold a full
year's coples.

Constructed of reinforced fiber-
board to guard your magazines
against soiling and tearing, these
tough and durable cases are cov-
ered in a rich textured, leather-like
fabric. They’re available in either
all black or attractive maroon back
with black sides. The gold embossed
back adds to its elegance and makes
each case a welcome addition to
your bookshelf, end table, desk—or
for that matter, anywhere in your
home or office.

In addition to Electronics World,
cases are available for any of your
favorite magazines. They're only
$3.75 each, 3 for $10.50, 6 for $20,
in any combination of titles ordered.
To place your order, please use the
coupon below. (Outside U.S.A.'add
$1.00 per case ordered).

Ziff-Davis Pub. Co., SD, 1 Park Ave.. N.Y.,N.Y. 10016

Enclosed is $________. Please send Magazine
Cases for the titles indicated below @ $3.75
each, 3 for $10.50, 6 for $20. (Outside U.S.A.
$4.25 each; 3 for $13.50; 6 for $26.00)

TITLE QUANTITY
ELECTRONIC WORLD = S
Check One:

O All Black [3 Maroon Back * Black Sides
Print Name s

Address ==
City s EW~7_-70

State Mp_
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Toshiba (Tokyo Shibaura Electric Co., Ltd.) has developed
what is believed to be world’s first Color-TV telephone. De-
vice, using standard telephone and display console, is de-
signed for two-way communications for both inter-office and
long-distance transmission over coaxial cables. When the
person called picks up receiver, his image is automatically
projected in color on 12-inch picture screen at caller’'s con-
sole. A 3-inch black-and-white monitor is included on con-
sole that displays caller's image. Optical system, which sep-
arates input light into red, green, and blue signals, two color
tubes in parallel, and electrical circuits are located in view-
ing console. Unit makes use of NTSC system for processing
video signal.

Computer—Win, Place, or Show

Shenandoah Downs and Charles Town racetracks in
Charles Town, West Virginia are using an advanced com-
puter-controlled parimutuel ticket-issuing system that mini-
mizes betting time, provides greater flexibility for betting
operations, and helps reduce burden on racetrack staffs.
System, devised by American Totalisator Co., Inc., long
known for its ticket equipment and its odds and pay-off tote
boards at racetracks, dog races, and jai-alai games, is built
around two small but powerful 12,288 16-bit word memory
Varian 620/i general-purpose minicomputers. Designed to
compile betting information, calculate odds, and accurately
perform all bookeeping functions required by law, computer-
ized system also runs various public displays on track in-
field and other locations. Smart betters are laying odds that,
by post-time, racetracks all over the country will be using
minicomputers to save time and energy and reduce errors.

Automating Semiconductor Production

With increasing demands being made on semiconductor
manufacturers, automatic semiconductor processor devel-
oped by Hitachi, Ltd. could prove a godsend. New ion-im-
plantation process, being groomed as a replacement for
present thermal-diffusion method, has successfully per-
formed automated manufacture of diodes, transistors, and
MOS components in trial runs by Hitachi. Some advantages
claimed over thermal process are: ion beams can be im-
planted simultaneously into maximum of 9 silicon wafers, and
processing of large number of semiconductor devices
with uniform characteristics is possible (40 wafers can be
handled per hour); computer-controlled automatic produc-
tion is possible (adjustment of ion source and acceleration
voltage can be handled easily and safely at ground potential);
amount of impurities can be monitored during processing
(direct measurement and control of ion beam current is
possible); and processing can be made at relatively low
temperatures (400°-900°) compared to thermal-diffusion pro-
cess (1000°-1200°C).

New IHF President

Walter Goodman, president of Harman-Kardon, Inc.,
elected president of the Institute of High Fidelity (IHF).
Twenty years' experience in audio industry and more than
ten years' trade association background more than qualify
him for this position. In addition, Herbert Horowitz, presi-
dent of Empire Scientific Corp., was elected a member of the
Board and vice-president and Walter O. Stanton (Stanton
Magnetics) re-elected to Board and position of treasurer.
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Color-TV Telephone

Rounding out the Board are William Kasuga (president of
Kenwood Electronics, Inc.), E. L. Childs, (president of Elpa
Marketing), William H. Thomas (president of JBL), Don
Palmquist (Altec Lansing), Larry LeKashman (Electro-Voice},
and John Hollands (BSR USA).

Lifeline for Trapped Miners

Looking for foolproof methods of communicating with
trapped miners, engineers at Westinghouse Georesearch
Laboratory have proposed low-frequency radio system that
may work. Caveins usually render wire and standard radio
communications systems useless. Using new system, West-
inghouse engineers have transmitted a signal to a coal
mine tunnel 450 feet underground, obtaining good reception.
Plans are to develop standard radio system applicable to
many mining situations (day-to-day communications and
telemetry of data on factors such as gas, dust, heat, and
rock strain to warn of possible catastrophe).

New Lines for Old Lines

Spurred by size of medical electronics market in U.S.
($40 million in 1970) and future potential (15% yearly growth),
Raytheon Company forms new business group in its Micro-
wave and Power Tube Div.,, Waltham, Mass. Headed by Dr.
Howard Scharfman, Manager of Medical Electronics, this
group will develop and market equipment in fields of nuclear
medicine, ultrasonics, and radiotherapy. . . . Foreseeing
rapid growth of solid-state technology, due to its increased
use in design and manufacture of government, industrial,
and consumer products, RCA creates new Solid-State Di-
vision. RCA’s Integrated Circuit Technology Center of Re-
search and Engineering and the solid-state operations of
company's Electronic Components activity are combined to
form new division. William C. Hittinger, former president of
General Instrument Corp., appointed vice-president and
general manager of the new division and will report directly
to Robert W. Sarnoff, chairman and president of RCA. Mr.
Hittinger, veteran of almost 25 years in electronics, brings
in-depth semiconductor experience to his new post.

Coming Events

On July 14-16, the 12th Annual Symposium on EMC (Elec-
tromagnetic Compatibility) will be held in Anaheim, Calif.
Over 60 exhibitors and technical discussions covering prob-
lems of electrical interference, shocks, and radiation and
monitoring are scheduled. Admission charges vary from
$5-$8 per day to $21-$37 for 3-day package. Attendees’ wives
admitted free to all functions, except programmed ladies’
activities. . . . Fourth Annual Audio/Recording seminar to be
held July 13-17 at Brigham Young University. Demonstra-
tions, exhibits, and technical topics such as studio acoustic
reverberation devices, disc mastering, professional record-
ing studio equipment and techniques, etc. are planned.
Tuition is $70 for advanced registration {(postmarked no later
than midnight, July 1st) and $85 thereafter. Write Special
Courses and Conferences, 242 Herald R. Clark Building,
Brigham Young University, Provo, Utah 84601. . .. On Septem-
ber 15 and 16, a conference will be held at University of
Washington to explore recent developments in laser tech-
nology, highlight new approaches, and examine possible
areas of application. Conference is being co-sponsored by
U.S. Air Force Office of Scientific Research and UW Aero-
space Research Laboratory. Regisatrion fee is $15. A
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the set choice is yours...

the antenna choice is...
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Photograph of the moon-like Barringer Meteorite Crater located in Arizona. This 4150-foot-diameter, 570-foot-deep cra-
ter has been object of scientific study for many years and has been used as a training site for moon-bound astronauts.

By L. GEORGE LAWRENCE

Electromechanical and electronic instrumentation is helping us learn more about
meteorites, leading to knowledge about our solar system and celestial mechanics.

AS an organized study, the science of mecteoritics dates
back only about a century and a half. Early romanti-
cists interpreted meteors as manifestations of the gods, and
comparative linguistics tells us that “iron” is related in many
languages to the words for “sky” and “star.” Today, science
is especially interested in electrical, optical, mechanical, and
biological phenomena associated with these celestial bodies.
1t’s only too true that “meteorites are where you find them.”
But electronic aids, notably in the instrumentation phase of
field work, continue to bring more insight to this unique and
dramatically fascinating field.

Technically, a streak of light observed when a “shooting
star” or meteoroid enters the atmosphere is known as a
meteor. A spectacularly brilliant event receives the designa-
tion of fireball. And, if the object explodes, it’s referred to as
a bolide. That portion of a meteoroid which survives a fiery,
frictional death in the atmosphere and reaches the ground is
called a meteorite. Descriptions like cosmic dust and me-
teoritic dust encompass miicrometeorites and other debris of
meteoric origin.

Dynamic Interactions

From studying physics, we know that natural forces can-
not exist alone. Side-effects start to emerge when energy
modifications or transformations take place, each of these
being peculiar to a given primary event. Meteoroids are no
exception to this rule.

Initially, in deep space, the presence of micrometeoroids
can be detected by space probes which are equipped to con-
firm impact by using acoustical-type transducers and strain
sensors. Touching, say, a microphone’s diaphragm with a
finger produces a similar “impact” response. Thus, it is possi-
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ble to weigh striking bodies and record the frequency of
strikes.

Electronically, ionization phenomena associated with me-
teorites entering the atmosphere are of particular interest in
communications. V.h.f. reflections from ionized meteor trails
express themselves as a Doppler-effect whistle on the r.f,
carrier of a signal being received, or there may be signals
from stations not normally heard.

For descriptive purposes, the ionization trail may be re-
garded as a cylinder with a mean length of 15,000 meters for
sporadic meteors and 235,000 meters for shower-type meteors.
Almost instantly after it is formed, the cylinder has a cross
section of about 2 meters at an altitude of 115 kilometers,
decreasing to roughly 3 centimeters at 83 kilometers. The
evlinder grows by diffusion of electrons at an estimated rate
of 140 m*/s at 115 kilometers down to about 1 m*/s at 85
kilometers. The mass of ions produced per second frequently
is regarded as proportional to the object’s loss of mass in the
atmosphere with trails generally divided into overdense and
underdense. The transition occurs at a linear density of about
10" electrons per meter.

Meteor cameras are available to record phenomena in the
sky. Typically, a visual trail will be seen before an electronic
instrument—such as radar—detects the object.

Fig. 1 shows an ideal radar return fromn a meteor trail as
recorded by Drs. HH.S.W. Massey and R.L.F. Boyd. The am-
plitude of the radar echo is a function of time. In the parlance
of science, amplitude varies as a Fresnel diffraction pat-
tern, caused by fluctuation in the signal as the fonization trail
grows larger, to a Fresnel zone and through several Fresnel
zones.

These happenings are of short duration, but meteoroid
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: : : LTI ST SN U P e L T SR
: — - sudden changes in the planet’s geomagnetic and geoelectric
E ECHO AMPLITUOE states. The most recent and most notable fall of this type

occurred on June 30, 1908, in the Russian Tunguska, Siberia.
Changes in planetary geomagnetism were recorded at Pots-
TIME-3 dam Observatory (near Berlin, Germany). Geophysical sta-
tions at London, Irkutsk, Jena, and other places recorded
shock waves and strong seismic disturbances.

e However, the bulk of pertinent investigation comes about
- : . : . .

OF METEOR |- after the fact (so to speak). It is geophysical work which in-
90%, OF SIGNAL : volves the use of mechanical and electronic instruments for
FROM THIS REGION . h . .

: gathering data in the field. Field operations might stretch

over many years, since large craters cﬁ) not yleld their secrets

easily. But these topographical features permit us to reach,

after data has been evaluated, conclusions on celestial me-

chanics, the make-up of our solar system, and, by inference,

the properties and cause of similar features found on other
planets.

It's to that end, then, that large aggregations of meteorites
and impact phenomena are studied conveniently at large
craters. In the United States, the foremost site is Barringer
Meteorite Crater, Arizona (see lead photograph). Located
between Winslow and Flagstaff, this great natural wonder
has an average diameter of 4150 feet, a depth of 570 feet,
and is 3 miles around the rim by footpath. It has been esti-
mated that the ejected detritus, a lurge part of which com-
prises the rim. wus close to 400.000.000 tons. Astronauts
Fig. 1. Recording of radar return received from meteor's trail. continue to visit the site for training purposes and scientists
The amplitude of the radar echo is piotted as function of time. hope to pry more data from it. The crater was a long-time

component of Indian lore, but was known to white men_enly

N since 1871.

\ Typically. the investigation of meteorite craters I L

/ physical delineation and involves a quadruplet of inte#fated

geological, gravitational, magnetic, and electrical research

methods. The latter two are electronics-oriented and involve
special equipment,

Initially, at the start of investigations, evidence must be
obtained that a given topographical feature is a meteorite
crater. This is done by considering, for example, accidental
finds of nickel-iron fragments and their distribution patte ns.
In the case of Barringer Crater, these accumulations were

E plotted on simple field maps (Fig. 2).

The next question is a big one: Did the meteorite penetrate
the lithosphere? If so. is it still in the crater? Of course, if the
object had vaporized on impact, no bulk mass can be ex-
pected. Another question is that of ricocheting. If, as has
been implied many times about Barringer Crater by its
critics, the high-velocity meteorite had hounced off and at-
tained an airborne course toward the Gulf of Mexico, there
would be no bulk mass either. But scientists (at least the
more curious ones) would then look for secondary effects
caused at the time of impact. This includes an examination
of unusual terrain modifications, like sink pits containing

Fig. 3. Field map showing the hypothetical southeast flight
trajectory of Barringer Meteorite toward Gulf of Mexico.

Fig. 2. Simple field map showing distribution of meteoritic
matierial {nickel-iron) around Barringer Meteorite Crater.

showers of great magnitude and lengthi can give flnttery v.h.f.
reception from geographical distances up to 1300 miles on
both the 50- and 144-MHz bands. Tt appears that the normal
high/low ratio in the daily cvele of meteoroid showers is be-
tween 3 and 5. The low tends to arise during local early
evenivg honrs, the high during earlv morning howrs. The
annual high-to-low ratio is between 2 and 3, with the low
rates being in the early months of the calendar year and
higher incidence occurring during the last part.

Impact Craters

GULF OF MEXICO

A vastly more impressive picture develops when fallen

S
. . . . S
meteoroids, or meteorites, are considered. Colossal forces are .
3 3 ) . . : POSTULATED METEORITE TRAJECTORY PRIOR TO IMPACT
liberated when large objects strike the terrestrial lithosphere.  Z__. ORI It ey T e T e o SRS
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Fig. 4. Portable elec-
tronic flux-gate mag-
netometer shown on-
station at rim of Bar-
ringer Meteorite Cra-
ter. The magnetom-
eter is used to deter-
mine the meteorite’s
geomagnetic profile.

nickel-iron meteorite fragments or directional cave-ins of
honeycombed terrain.

Fig. 3 shows a field map which contains a hypothetical
flight trajectory of the Barringer Meteorite towards the Gulf
of Mexico to the southeast. Collapsed underground cavities.
as investigated some years ago, exist at the junction of
Chevalon Creck and Wildcat Canyon, about 30 miles S.E.
of the crater proper.

Nevertheless, taken together, the totality of these and re-
lated pre-survey studies can be qualified only after instru-
mentation-derived data has been evaluated. The specific type
and character of the equipment to be chosen is subordinated
to these aspects.

Magnetic Profiling

In exploration geophysics, the use of magnetometers is
widespread. However, to apply conventional types to meteor-
ites is, in the majority of cases, uneconomical. An average
iron meteorite, buried a few feet deep, is not magnetically
effective beyond a radius of 5 or 10 feet. Unless the object’s
location is known within fairly close limits, a very dense grid
of magnetometer stations must be employed. The method
works best, it appears, when there are large concentrations
of meteoritic material in subsurface sediments. This enables
the instrument to detect geomagnetic anomalies, i.c., regions
that deviate in readings from non-magnetic or non-ferrous
fill material.

In a typical survey situation dealing with meteorites, the
magnitude of a magnetic domain is an important factor in
arriving at a diagnostic conception of its canse. A good geo-
magnetic profile will indicate, for example, the intrusion path
and zones of magnetic “peaks” of meteoritic substance. Data

Fig. 5. Operational diagram of the portable electronic flux-gate magnetometer.
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Fig. 6. Grid-method procedure for plotting geophysical anoma-
lies. Magnetometer readings are taken at grid’s ties and high
values are connected to give profile of buried metallic mass.

such as this can indicate if there is mineable material at con-
venient points of access or why the strata at some crater’s rim
section is arched higher than adjacent areas of it. Arching
might indicate that large amounts of extraterrestrial property
have caused an uplift of the rim system.

Fig. 4 shows a portable electronic magnetometer on station
at Barringer Crater. The instrument is secured, during rest
periods, on a tripod and prevented from swaying in the pre-
vailing high winds by arresting chains.

The magnetometer is of the flux-gate type. The operational
concept is given in Fig. 5. Like similar instruments, the
device is based upon the knowledge that the magnetization
curve of many ferromagnetic materials is non-linear. Thus,
wire-wound coils having such cores change their alternating-
current reactance when a unidirectional magnetic field (such
as the earth’s) is impressed on an artificial field set up by an
a.c. current flowing ‘in the coil. High-permeability alloys
(typically Mu-metal) are used, permitting the “external”
geomagnetic field to induce a magnetization which is an ap-
preciable part of the cores’ saturation. This type of Hux-gate
becomes extremely sensitive to field changes, since it operates
in the saturation region—the sharp “knee”—of the B-H curve.

Electronically, the flux-gate head contains two thin strips
of Mu-metal. They are wound with identical windings and
excited by a 1-kHz oscillator producing a sine-wave output.
The two windings are connected in such a manner as to make
the alternating fields additive around the closed-core Mu-
metal circuit. If an external magnetic field is applied along
the axis of the core system, the exciting field in one core will
be aided, the field in the other opposed. When both the ex-
ternal (or ambient) field and the exciting field are additive,
the total flux is increased and the B-H saluration point is
reached earlier in the excitation cycle.
Conversely, when the ambient field op-
poses the 1000-Iz excitation flux, total
flux s attenuated and saturation is
reached at a later period in the gate’s
excitation cvele. The difference in time
between maximum fields in each Mu-
metal strip gives a phase lag and distor-
tion of the waveshape. This unbalance,
seen across resistor R1, gives a small
resultant peak voltage.

The magnitude of the induced pulse
train is a proportional replica of the
impressed ambient geomagnetic field.
Finally, after integration and processing,
a d.c. product becomes available for
readout in magnetic gammas (1 gamma,
v, equals 107° oersted/gauss).

The average geomagnetic field in the
United States peaks out at about 60,000

RANGE
SELECTOR

INTEGRATOR
AND PROCESSING

READOUT
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Fig. 7. Worden gravity
meter.Instrumentisused
to survey craters when
magnetometer ap-
proach is too complex.

gammas. However, since the magnetometer operator is con-
cerned primarily with very small field changes, part of this
field must be canceled. In the case of flux-gate magnetome-
ters, this is easily accomplished by impressing a magnetic
bias field upon the sensors.

Various in-field mapping procedures are available. One of
the simplest ones, the grid method, is shown in Fig. 6. The
grid can be laid out by using stakes and bands. The magne-
tometer (or other instrument) is then calibrated at a “neutral”
base station and readied for use. Finally, by taking readings
at the grid’s ties, specific data profiles can be plotted and
connected. Fig. 6 shows that all maximum values—say, 60
gammas—have been connected. It provides an outline of the
object of interest, its density, resting place, and so on.

As was pointed out earlier, magnetometer stations must
be spaced at very close intervals in order to obtain acceptable
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Fig. 8. System schematic diagram of the Worden gravity meter.

Fig. 9. Capacitive transducer method for data pickup from mov-
ing instrument members. In case of gravimeter, changes in ca-
pacitance at capacitor sections change frequency of LC oscilia-
tor. Data can be fed to a counter and indicated in milligals.
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resolution Of meteormic bodies. Magnetuc anomanes or this
type tend to be surprisingly low. A net gamma value of 60
applies to Barringer Crater’s meteoritic fill materials.

However, if the magnetometric approach is too complex,
craters can be surveyed with the gravimeter first to obtain
a general idea about its contents. The magnitude of a given
subsurface anomaly is dependent upon the density, geomet-
ric configuration, depth, and location of a structure or me-
teoritic intrusion.

An outstanding instrument for this purpose is the Worden
gravimeter (Fig. 7). This design, shown schematically in
Fig. 8, is held in unstable equilibrium about the axis AX.
Thus, gravity pulling on the weight or mass of the weight
arm causes a slight counterclockwise rotation which decreases
the angle between the pre-tension spring and the inclined
arm attached to its base. That lessens the opposing clockwise
moment of the spring and provides the required instability.

The readout, composed of a pointer and scale with magni-
fying microscope, gives indications in milligals per scale
division. (The Gal, named after Galileo, is the c.g.s. unit of
acceleration or 1 cm/s®. The 1/1000th part of a Gal, mGal,
is roughly one-millionth of the normal gravity at any place on
earth. Most gravity anomalies seldom exceed a few milligals.)

Since gravimeters cannot be read out with ease, continuous
efforts are being made to simplify this tiresome “stooping”
process by using electronics. A basic pick-off principle is
shown in Fig. 9. The design uses a high-frequency oscillator
whose LC circuit receives increasing or decreasing capaci-
tance values from an instrument-activated tuning member.
The latter is grounded while the oscillator’s tank system re-
mains stationary. Thus, changes in capacitance can be ex-
pressed, via frequency changes, in milligals or other values
of interest. The availability of low-power IC-type electronics
and miniaturized digital indicators should, in time, permit
considerable improvement in gravimeter operation. Current-
lv, the instrument must be set down, leveled, and then the
operator has to bow down, kneel, or sit down to read it. Flow-
ever, aside from the fact that gravimeters involve different
physical principles than magnetometers do, the basic diag-
nostic grid and other profiling methods are fairly similar.

A somewhat identical situation also holds true of radio-
activity-type surveys which may be performed as an augmen-
tation to other explorations. Here, as is shown in Fig. 10,
sedimentary samples are picked up and held against a Geiger
counter’s detection tube. Log entries are then plotted versus
topographical and other terrain details. The illustrated station
was near Barringer Crater’s last exploratory drill shaft. In
August, 1922, the site was abandoned after the tool reached
a depth of 1376 feet and became irretrievably wedged in
what is believed to be buried meteoritic mass. Barringer
Crater has no radioactive features, the cosmic background
being normal at 0.02 mR/h.

Electrical Investigations

In the search for conducting material bodies, such as me-
teorites, relatively simple electrical techniques have suggest-
ed themselves. While many meteorites have been found by
using various types of “treasure locators,” the use of these
devices is limited to metallic bodies buried only a few feet
below ground.

In general terms, electrical prospecting is based upon three
characteristics of rocks: resistivity, or inverse conductivity,
is one; electrochemical activity and dielectric constant are
the other two.

Resistivity is of primary interest, being defined as the re-
sistance {in ohms) between opposite faces of a unit cube of
given material. Thus, if the resistance of a conducting cylin-
der of length, I, and a cross-sectional area. S, is R, the resis-
tivity p (rho) can be expressed by the formula p = RS/L

In the metric system, the unit of resistivity is the ohm-
centimeter. Current, I, is related to an impressed voltage, V,
and the resistance, R, by Ohm’s (Continued on page 71)
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Global Satellite Station for Colombia. (Top right) Worldwide
communications via the Atlantic Intelsat Il satellite were
inaugurated recently for the people of Colombia. The satel-
lite earth terminal, located about 60 miles northeast of
Bogota, will provide international color TV, voice, and tele-
graph communications. The ground station will permit tie-ins
to Brazil, Chile, Peru, Mexico, United States, Italy, Spain,
and West Germany. The station, with its 97.ft dish antenna,
is the 17th such system built by ITT Space Communications.

Five-cavity Klystron for Color TV. (Center) The first installa-
tion of a new specially developed 5-cavity klystron is making
possible transmission of high-grade, 625-line resolution color-
TV programs to London. The tubes, used as high-gain power
amplifiers (25 or 40 kW) in the u.h.f. TV band, will be in-
stalled at many stations through a network that will eventually
bring 3-channel color programming to all the United Kingdom.
The klystron, developed by Varian Associates, is expected to be
highly reliable because its r.f. cavities are integral with the
tube itself; hence, unattended transmitter operation is feasible.

Monolithic Light-Emitting Diode Readout. (Below left) The
first monolithic light-emitting diode alphanumeric readout to
be offered commercially is shown here. The new readout is a
7-segment display developed by Monsanto. The active light-
emitting areas are planar, formed by zinc diffusion into “n”
type gallium arsenide phosphide wafers and emit bright, red
light. The monolithic construction permits obtaining more than
200 footlamberts with only 8 milliwatts (1.6 V at 5 mA) power
input per segment. Other advantages include flatness of dis-
play, elimination of high-voltage power supply, and lack of
parallax. Price of display units is $12.45 in small quantities.

Electronic Video Recorder Plays Back Color. (Below right)
CBS Electronic Video Recording Div. has been giving a number
of public demonstrations of its color EVR unit, which plays pre-
recorded motion pictures on special film through color-TV re-
ceivers. The player, shown in the photo, is being made by
Motorola to sell for $795. The market is expected to be schools,
businesses, and institutions. A reel of the film will provide a
50-min black-and-white or a 25-min color program with sound.
We found the picture quality to be excellent. A library of films
for the new player is expected to be made available shortly al-
though specific information on their price is not definite as yet.

July, 1970
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DIGITAL
INSTRUMENTS
YOU
CAN BUILD

Part 1. Low-Cost Digital Readouts

By DONALD L. STEINBACH

Research Engineer Sr., Lockheed Missiles & Space Co.

Part 1 of a series for those interested in
the design and operation of digital-type test
instruments or for those who would like to
build their own. This article discusses some
high-performance, low-cost digital readouts.
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‘‘Digital Instruments You Can Build” is a series of
articles for those who want to design and build their own
digital test instruments. The series is neither a ‘‘take it
or leave it'" collection of equipment schematics nor a
complete course in digital instrument design. It is a group
of articles introducing some typical components and sub-
systems used in digital instruments, and demonstrating
at least one design approach to creating each of several
items of digital test equipment from these components
and subsystems. The reader who is not specifically inter-
ested in designing or building digital instruments will find
the series a rather painless way of increasing his under-
standing of how digital instruments function.

The first three articles of this series will deal with low-
cost digital readouts, counting and decoding circuits, and
integrated circuits, in that order, Treating these rather
broad subjects as separate topics early in the series elimi-
nates a good deal of repetitious detail from the equip-
ment-oriented articles to be presented later, and gives
the reader a chance to become familiar with some of the
key components and subsystems before encountering
them as part of a total system.

Various digital instruments will be developed, begin-
ning with the fourth article of the series. The instruments
will be introduced in order of increasing complexity or
functional relationship, and will include a digital clock,
a general-purpose digital event counter, a high-perform-
ance digital counter and high-speed prescaler, a d.c. digi-
tal voltmeter, an a.c. digital voltmeter, a digital ohmmeter,
a digital capacitance meter, and a digital thermometer.
Multi-function instruments may, of course, be derived by
adding the specialized circuitry from each instrument to
a basic ‘“‘main frame.”

Different combinations of digital readouts and associ-
ated circuitry are used in each instrument; the various
configurations are interchangeable so that the builder has
the option of selecting those that best suit his individual
requirements. Every effort has been made to achieve an
effective balance between cost and performance in all
phases of the equipment designs. Comments and sugges-
tions from readers are welcome, and additional items of
equipment will be developed if sufficient interest is indi-
cated.

IGITAL readouts display numerical information directly
in digital form rather than in analog measure as is the
case with a conventional meter movement. They provide the
visual data interface between man and instrument, and
should be selected with that thought foremost in the design-
er’s mind. Display devices are available in various forms:
electroluminescent panels, cathode-ray display tubes, electro-
mechanical display devices, projected image displays, edge-
lighted displays, matrix displays, displays using solid-state
light sources, numerical indicator tubes, segmented indicator
tubes, and segmented indicator modules. Only the latter three
types are considered in this article.
Numerical Indicator Tubes
Numerical indicator tubes are gas-filled, cold-cathode
tubes functionally related to the familiar neon bulb. They
contain at least one anode and a separate cathode for each

numeral or character to be displayed.
The individual cathodes are formed in the shapes of the

ELECTRONICS WORLD
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characters ey are o represeint dnu uae !
entire formed cathode glows when volt- 7
age is applied between it and the anode.
One input lead is required for each
character in the tube and (normally)
only one lead is energized at any given / |
time.
The characters are perfectly formed,

but only those characters included in the si

tube at the time of manufacture can be

displayed. A minimum anode supply s6 s7 s2
voltage of about 170 volts d.c. is re-

auired, and the driver circuitry must be 55 [ o3

capable of switching up to approxi-
mately 70 volts d.e. The cathodes are
stacked one behind the other, giving the
viewer an illusion that the characters
are moving toward or away from him,
and limiting the maximum viewing
angle. Character height is restricted by the practical limita-
tions on the size of the enclosing evacuated glass envelope.

sa
SEGMENT DESIGNATIONS

Segmented Indicator Tubes and Modules

Segmented indicator tubes and modules consist of several
individual bars or segments lying in a single plane—the usual
format is seven individual segments arranged in the form of
a block numeral eight (Fig. 1). The desired character is
generated by illuminating the combination of segiments that
most closelv duplicates the shape of the intended character.
One input lead is required for each segment, and up to seven
segments may have to be illuminated simultaneously. The
indicator tubes may be incandescent, fluorescent, or cold-
cathode gas-filled; the modules usually contain individual
incandescent or neon bulbs.

Most of the numerals displaved by these devices are im-
perfecthy formed, but ten numerals, a minus sign. and eleven
letters (A, C, E, F, G, H, J, L, P, U, and Y) may he created
with a single indicator. Since all segments are in the same

SEGMENT CHARACTER DISPLAYED

ILLUMINATED 1 234567B90ACEFGHJILPUY
S) X X XXXXXXXXXXX X
s2 XX XX XX XXX X X XXX
s3 X XXXX XXX XX XX X X X
S4 XX X X XXX XX X XX XX
S5 X X X XXXXXXXXXXX
S6 XXX XX XX XXXXX XX XX
s7 XXX XX X X X X X X X X

Fig. 1. Diagram showing how seven-segment readout devices are capable of dis-
playing ten numerals (0-9) and eleven letters (A, C, E, F, G, H, J, L, P, U, and Y).
Numerals 1, 5, 8, and 0O are used to represent letters I, S, B, and O, respectively.

plane, wide viewing angles are possible. Character height is
restricted by the size of the tube envelope, but the size of a
mmodule using individnal lamips is essentially unrestricted.

Typical Digital Readouts

The general characteristics of some representative digital
readouts are sunimarized in Tables 1, 2, and 3. The vendor
data sheets indicated in the “Mfr.” column of these tables
will be supplied by the manufacturer on request. These sheets
provide complete data on the electrical and physical charac-
teristics of each device and should form the basis for any
design activity. These readouts will be used in the digital
instruments described in future articles, and are selected
from among the lines offered by seven manufacturers.

Driver Circuit Fundamentals

The drive circuitry associated with a digital readout must
provide for energizing the appropriate numeral or segment
while maintaining the veadout voltage and current param-

Table 1. Available types, cost, and general characteristics of a number of numerical indicator tubes.

DIMENSIONS
MFR. TYPE NO. CHARACTERS CHARACTER SEATED ENVELOPE NOTES
DISPLAYED HEIGHT (in) HEIGHT DIA. MAX. CosT
NOMINAL MAX. (in) (in) (1-24)
Pins on both tubes rgsgmble
ZM1000 0-9 and decimal 0.60 1.670 0.750 $5.70* | those on conventional miniature
é{g&igﬁc Corp point to left of receiving tubes, May be soldered
Dist. Sales Dept numerals directly to PC board or used
H!Sk. '?I N Yp 11802 with 14-pin socket (supplied
Dlactas‘élh:éts AN . with tubes) that can either be
PC board or chassis mounted.
?“3.1000/ ZM1001 ZM1001 g a_n, 0.60 1.670 0.750 $7.35* | Pins are located on 0.100” cen-
indicator tubes u“n' uxny qu!’ ugn ters. Tubes have dynamic life
expectancy of 200,000 hours.
Both tubes have long tinned
leads for soldering directly to
B-5750 0-9 and decimal 0.515 1.500 0.530 $6.75 PC board. Leads are located on
Burroughs Corp. points to right and various centers (0.090", 0.096",
Electronic Compo- left of numerals and 0.097"). Combination pin-
nents Div., Box 1226, straightener and standoff is lo-
Plainfield, N. J. 07061 cated between bottom of tube
Bulletins 1061, 1132, — enf\t/elope and PC bgard (Fig.' f2
and 1153 left). Tubes have dynamic life
B-5856 dgrn e 0.510 1.350 0.510 $7.15 expectancy of 200,000 hours un-
der normal d.c. operating con-
ditions.
Leads are located on 0.090",
. NL-940 0-9 and decimal 0515 1.500 0.530 $7.15 0.096”, and 0.097” centers and
National Elec- : :
tronics Inc.. Geneva points to right and are intended to be soldered di-
fil. 60134 Data sheets left of numerals rectly to PC boards. Both tubes
on'NL-94d and NL- use fairly high standoffs to
941 readout tubes . raise seated height othube to
NL-941 L 0515 1.500 0.530 7.15 1.500" (Fig. 2, right). Dynamic
. $ life expectancy is 200,000 hours.

Cost in quantities of 1-99.
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|
! DIMENSIONS
MFR. TYPE NO. “[',‘.‘},';m'é'},s CHARACTER | SEATED | ENVELOPE NOTES
HEIGHT (in) HEIGHT DIA. MAX. | COST
NOMINAL MAX. (in) (in) (1-99)
MG-17 Ot?ﬁper Ief'ta;d 0.433 (max) 1.650 0.413 $4.95 MG-17 is a seven-segment cold-cathode,
Alco Electronic lower right gas-filled tube designed for either d.c. or
Products, Inc. decimal points pulsed operation. Dec,ma! point locations
| P.0. Box 1348, allow tube to be used upright or inverted.
| Lawrence, Mass. Colon can be formed by using upper and
01842 {o»l\)/er IdetCin:tlald Foil;lts Ilr(]i tvs(/jod adjilcent
. B Q s w_nm : ubes. Intended to be soldered directly to
Catalogue RE-698 MG-19 Zr?d I(-)tve'r right' 0.433 (max) 1.650 0.413 $4.95 PC board. MG-19 is a nine-segment neon-
decimal point readout type.
DR2010 0-9 and lower 0.600 1.625 0.785 $5.75
left decimal Readouts are composed of individual in-
point candescent filaments arranged on a dark
RCA Electronics background. DR2010 and DR2000 are
Components, P.0. seven-segment displays. All tubes fit stan-
Box 270, Harrison,| DR2020 Y4 =" and “1" 0.600 1.625 0.785 $3.25 dard 9-pin miniature tube sockets but
N. J.07029. Data | (Fig. 3, left) can be soldered directly to PC board. Do
sheets on DR2000/ _ not exhibit filament droop sometimes as-
DR2010/DR2020/ sociated with readouts of this type. Etched
DR2030 digital DR2000 0-9 0.600 1.625 0.785 $5.50 glass can be placed in front of display to
display devices (Fig. 3, right) produce a broader stroke; a Fresnel lens
will provide a larger display size. Mini-
- mum life expectancy is 100,000 hours.
DR2030 B 0.600 1.625 0.785 $3.25
DT1704B 0-9orACEF, 0.570 1.75 (nom.) | 0.71 (nom.) | $5.30 .
G H 1) LO0,P, Unique low-voltage vacuum fluorescent
S, U, and Y devices. They have 1.6 volt (a.c. or d.c.),
45-mA filament; application of 10 to 25
. f volts d.c. to appropriate anode causes
wanggngrolEE;gt.;ic that segment to fluoresce with a blue-
Corp., 630 W. Mt. | DT1705D | 0-9 and lower right 0.570 1.75 (nom.) | 0.71 (nom.) | $5.75 | green glow. Obvious advantages are low
Pleasant Ave., Liv- decimal or A, C, E, anode voltages and extremely low anode
ingston, N_J. 07039 F,GH I JLOP, currents. DT1704B is seven-segment read-
Data sheet T438 S, U, and Y out which fits 9-pin miniature tube socket.
DT1705D is seven-segment readout that
fits 10-pin miniature socket. DT1707B, a
“gr w_n o and four-segment readout, has a standard 9-
DTI707B | | et right’ decimal 0.570 L.75 (nom.) {0.71 (nom.) | $5.40 | pin miniature tube base.
point |

Fig. 2. Two types of numer-
ical indicator tubes.
B-5750
National Elec-

NL-940. The
for these
tubes are given in Table 1.

Burroughs
and (right)
tronics Type
characteristics

Type
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Table 2. Some of the types available, cost, and general characteristics of various segmented indicator tubes.

(Left)

eters within specified limits. The exact configuration of the
driver circuitry is a function of the logic control polarity, the
readout supply voltage polarity, and the readout operating
mode. Five different driver circuit configurations are required
to accommodate the readouts described in this article.

Low-voltage incandescent readouts (MS-4000BR, 710-
Series, and DR2010/DR2020) consist of either individual
lamps or individual lamp filaments. The readout supply volt-
age can be of either polarity and current limiting is not re-
quired. A typical driver circuit uses low-voltage n-p-n tran-
sistors (Fig. 5A) to complete the return circuit to each seg-
ment when a positive voltage is connected to the transistor
base resistor.

The low-voltage fluorescent readout (DT1705D/DT1707-
B) requires the application of a positive voltage to the anode
segment to cause that segment to glow; all of the anode seg-
ments share a common cathode. The simplest driver circuit
supplies a negative voltage to the cathode und grounds the
anode through a p-n-p transistor when a negative voltage is
applied to the transistor base resistor. A more useful driver
uses a p-n-p transistor in the common-base configuration
(Fig. 5B) so that the anode is energized when a positive
voltage is applied to the transistor emitter resistor. Note that
the emitter source becomes part of the anode return path.

The high-voltage, cold-cathode readout driver circuits
must include a current-limiting resistance otherwise the read-
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Fig. 3. Two types of segment-
ed indicator tubes. RCA (left) |
Types DR2020, displayin

three characters "' 4+, "' —",

and ''1'"} and (right) DR2000,
displaying numerals (0-9).

cuts will draw excessive current and destroy themselves.
Theyv are designed to operate within well defined cirrent
limits; the lower Jimit is that required to imaintain a niform
glow discharge: the upper hnit resiricts electrode erosion
and extraneous glow discharge. Permissible operation regions
are defined on the applicable device data sheets published
by the manufacturers.

Diriver circuits for the ZMTI000,ZN1001. B-3750/B-3856,
and NL-940. N1.-941 are similar. The ZNMI1000 requires a
separate decimal point resistor and both the ZN1000 and
ZM1001 require a priming resistor (Vig. 613). The Burroughs
and National devices do not use a separate decimal point
resistor (Fig. GA) unless the decimal point is energized alone.
The single anode resistor sets the readout operating current,
and its value is a function of the supply voltage.

The MG-17 anode current varies in accordance with the
number of cathode segments that are energized, and a single
anode resistor cannot be used to establish the tube operating
current. Instead, identical resistors are connected to each of

Fig. 4. Two types of seg-
mented indicaler modules.
Dialight Types (left) 711
caption module, and (right)
710 numeric readout
with 1-in character size.

MS-4CG0O0BR
si s2 s3 710 SERIES
DR20!10/DR2020
(Al
sz s3

DTI7050/DTI7078

-v D.C. (B}

Fig. 5. Driver circuit configuration for the low-voltage
(A) incandescent and (B) fluorescent segmented readouts.

the seven cathode segments to establish their operating
current, and higher resistances are connected to the decimal
points since their current requirements are lower.

Centrary to what seems to be popular opinion, the driver
transistors used with high-voltage, cold-cathode readouts need
not withstand the entire supply voltage when the transistor
is not conducting. Since at least one cathode is alwayvs
grounded. the d.c. potential at the anode is established at the
tube breakdown or ionization voltage (typically 130 volts d.c.
te 180 veolts d.c.). The voltage at uall extinguished cathodes
needs only to be sufficiently positive (Continued on page 61)

Table 3. The various types, cost, and general characieristics of some available segmented indicator modules.

DIMENSIONS
MFG. TYPE CHARACTERS O L cost NOTES
DISPLAYED CHA\ERI?;?{TTER MODULE (in) (1-99)
(in) w H D
Alco Electronic
Products, Inc. Seven-segment incandescent readout
P.0. Box 1348, modules. Red filter, bulbs, and socket are
Lawrence, Mass. MS-4000 BR 0-9 0.614 0562 | 1.184 | 1412 | $6.93 | included in price. Each segment requires
01842. Catalogue 40-60 mA at 3-5 volts d.c.
RE-698
710-0300-005 0-9 1.000 1.250 | 1.750 | 1.506 | $6.79 g"uotd;'llﬁtsab(lii% % d104_"1f2 ;ﬂnﬂugzzlaﬂ%?t
incandescent ’Iam'ps and’ 160-volt neon
U piali R lamps are available f Dialight
{ géagtgehtacgf\k 710-0301-005 righ?'dlgg;r;,] 1.000 1250 | 1.750 | 1.506 | $7.79 othepr R 344 bulbs are isedafrcl)?
Brookl;vnrN Y 14-16 volt operation even though normal-
11237 Cétaiogﬁe 0.9, upper ly considered a 10-volt, 14-mA bulb. When
181 710-0302-005 X0t 1.000 1.250 | 1.750 | 1.506 7.79 | operated at 16 voits, No. 344 bulb will
L-181 left decimal § last well in excess of 100,000 hours av-
erage life claimed in data sheet. No. 344
711-1855 caption . 4 bulb available from Dialight for 55 cents
module® * 1.250 1.750 | 1.506 each.

Module provides a backlighted transparency that displays an e¢xplanaiory caption.

Lighted area may present a single message or may be divided into 2, 3, 1. or 6

individually switchable areas, For example, by using four separate sections. plus and minus signs may be presented one above the other. leaving two other areas

for symbols or words (Fig. 4. left).
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Busy air rou-e traffic control :emter
with controlle-s working tiei- scan-cenverted radar displays.

Radar in Air Traffic Control

By HOWARD L. McFANN / Project Manager

National Aviation Facilities Experimental Center, FAA

4 wvast intercontinental aircraft surveillance system utilizing
special radar and beacon equipment is helping make flying safer.
Here are technical details on equipment and its performance.

HE air traffic control specialists in our aircraft control

centers and terminals depend on real-time positional

data obtained from a vast intercontinental aircraft sur-
veillance network. Each of the sites within this network is
equipped with specialized radar and beacon equipment. This
article gives an idea of the scope of the system and describes
some of the radars being used.

The FAA’s radar network includes 64 long-range radars
plus 25 military joint-use systems serving the 22 air route
traffic control centers located in the United States and such
far away places as the Canal Zone, Guam, Honolulu, San
Juan, and Alaska. Complementing the enroute system are

An enroute radar an-
tenna tower in north-
west U.S. The radar
antenna is protected
by the large plastic
geodesic dome. The
smaller antenna in
front is used for
a microwave link.
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120 FAA and 37 militaryv-terminal radars providing short-
range coverage at landing fields around the world. Today’s
radar complex provides approximately 90-percent radar cov-
erage at altitudes of 24,000 feet and above, and 60 percent
for all Instrument Flight Rule (IFR) air traffic at the lower
altitudes.

Skilled Technicians Needed

It is obvious that the installation, maintenance, operation,
and modernization of the FAA’s radars require thousands of
capable technicians. The men selected for this work must
have strong interests in electronics backed up by either three
years of formal training or experience in some related elec-
tronics field.

Quualified candidates are usually hired at the GS-6 or GS-7
Apprentice level and immediately begin specialized training
leading toward the GS-11 Journeyman grade. Preparation in-
cludes on-the-job training under the supervision of experi-
enced co-workers, participation in the excellent home-studv
program offered by the FAA Academy, and resident courses
in the Academy’s classrooms at Oklahoma City, Okla.

Specialized Radars Used

Although each of the sites in the FAA’s network is
equipped with the air traffic control radar beacon system (see
“Air Traffic Control Transponder Identifies Radar Targets”
in the February issue of ELEcTRONICS WORLD), radar is con-
sidered the primary source of positional data. This is because
aircraft can be “seen” without their having to carry cooper-
ative transponders. General aviation pilots, operating on
limited budgets and restricted in the amount of equipment
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These comparison photos of the radar
display show the dramatic reduction of
weather clutter with circular polarization.

their light planes can carry, consider this an important factor
in radar’s favor.

The equipment installed at the sites can be categorized by
the operational function performed. The far-flung air routes
surrounding the traffic control centers are served by the Ad-
ministration’s Air Route Surveillance Radars (ARSR series)
and, where economically feasible, joint-use military equip-
ment. The enroute radars have the high power and low pulse
repetition rates needed to provide long-range coverage out
o 200 nautical miles.

The terminals are served by the Airport Surveillance Ra-
dars (ASR series). In this application, power output is not as
important as range accuracy and high data-refresh rates.
Several terminals are also equipped with a high-resolution
radar, called the Airport Surface Detection Equipment
(ASDE), to observe taxiing aircraft and ramp vehicles. The
operating characteristics of representative types of these
systems are listed in Table 1.

Enroute System

The high power output of the ARSR-2 is obtained from an
amplitron tube. Although similar to magnetrons in construc-
tion, they are driven rather than being self-oscillating. The
450-kW peak pulse power to drive this tube is obtained from
a conventional magnetron. A design feature permits bypass-
ing the amplitron in case of failure so that the station can
stay on the air with a 10-dB reduction in power.

A cosecant-squared antenna assures radar coverage of
both high- and low-flying aircraft. The slowly rotating an-
tenna is protected by a rigid plastic dome which absorbs a
negligible amount of power.

The antenna feed system has been designed so that power
can be radiated with either linear or circular polarization.
Tests have confirmed the effectiveness of the circular-polar-
ized mode in reducing weatller clutter by as much as —13
dB. This is illustrated by the comparison photographs above.

A low-noise parametric amplifier boosts the weak radar
echoes and distributes them to Moving Target Indicator
(MTTI) and normal radar receivers. The MTI receiver is used
to cancel stationary and slow-moving targets within the re-
gion of ground clutter while the normal receiver provides the
sensitivity to pick up distant targets. Performance in the
MTI range is enhanced by using a staggered pulse repetition
frequency to raise the “blind” speed.

Other than for maintenance purposes, the detected video
is not displayed at the radar site. Rather, it is transmitted
along with triggers and antenna-servo signals via microwave
links to the air route traffic control center for use by the con-
trollers. Each center is fed by several strategically located
long-range radars to provide coverage throughout its oper-
ational boundaries.

At the center, the range and bearing radar video is con-
verted into a television-type display by a high-resolution
(945 lines) scan converter. The advantages of the television

Table 1. Comparative characteristics of the three types of radar systems used for air traffic control.

ENROUTE SYSTEM
(ARSR-2)

TERMINAL SYSTEM
(ASR-5)

AIRPORT
(ASDE-2)

Transmitter
Frequency Band

L (1300-1350 MHz)

S (2700-2900 MHz)

K (23.€-24.5 GHz)

Anti-clutter Circuits

STC, IAGC, FTC

STC, IAGC, FTC

Peak Power Output 4.5 MW 400 kW 50 kW

Pulse Width 2.0 us 0.83 us 0.02 nis

Pulse Repetition Rate 360 pps 1030 pps 14,400 pps
Receiver

Sensitivity (dBm) 110 MTI, 111 Norm. 107 MTI, 109 Norm. 80

Noise Figure 4 dB 4 dB 25 dB

Video Bandwidth 3 MHz 2 MHz 50 MHz

STC, IAGC, FTC

Antenna
Scan Rate 6 r/min 15 r/min 60 r/min
Gain 34 dB 34 dB 34 dB
Polarization LP, CP LP, CP LP, CP
Beamwidth 1.2° H,3.8°V 1.5° H, 5.0° V 0.25° H, 1.0°V
Type Reflector csc? csc? Parabolic
Maximum Range 200 nmi 60 nmi 4.5 nmi

I

Notes: MTI = moving-target indicator; STC = sensitivity time control; TAGC = instantaneous auto. gain control; FTC = fast time

constant: LI”

linear polarization: CP = circular polarization; csc®

cosecant squared.
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Terminal-radar site showing the cosecant-squared antenna re-
flector. The horizontal antenna mounted above the radar re-
flector is the L-band antenna used for radar beacon system.

display are brightness and storage. The brighter radar pic-
ture enables the controllers to function more elliciently with
higher background light in the control room, and the storage
feature facilitates identification of aireraft trails. The trails.
formed by simultaneous display of successive hits, indicate
aircraft course and speed.

Termiinal System

Radars used in the terminal area range out to 60 nmi with
400 kW of peak power. An S-band magnetron feeds a cosecant -
squared antenna that gives reliable vertical coverage up to
20,000 feet. Antenna rotation is a faster 15 r/min. To assure
an adequate number ol hits per scan on targets, the mean
pulse repetition rate is set for 1030 pulses per second. The
equipment design includes all of the desirable features
found in the enroute radars, such as circular polarization
low-noise paramps, and MTI/normal receivers.

Unlike its enroute counterpart, the ASR’s are usually lo-
cated at the airports, close to where their data is to be ob-
served. Theretore landlines can be used to transmit the radar
video to the display area.

Indicators are installed in both the Instrument Flight Rules
control room and the tower cab. The IFR controllers use.
depending on the facility, either conventional “dark-tube”
PPI scopes or the scan-converted displavs. Special high-
brightness indicators are installed in the glassed-in towers
to overcome the high ambient light. This display system.
called the BRITE-1, also operates on the scan-conversion
principle.

Airport Surface Detection

At present, only eight terminals have ASDE capability.
Operating in the K-band with a peak power of 50 k\V, the
equipment distinguishes aircraft and vehicles on the runwavs
and taxiways. This remarkable feat is achieved by radiating a
20-nanosecond pulse through an extremely narrow-beam
parabolic antenna. Special wide-band receivers and video
amplifiers prevent deterioration of the retumed signals. For
example, the receiver i.f. bandpass is =3 dB from 87.5 to
172.5 MHz. Over-all video bandpass is 50 MHz.

The fine-grain resolution of the displav is such that aircralt

34

types can be identified by their outlines. However, system
performance degrades during excessively damp or rainy
weather due to absorption and scattering of the r.f. energy.
Unfortunately. it is at these times that the ground controller
most needs the system.

Future Developments

The FAA is constantly exploring ways to improve per-
tormance of its air traffic control radar svstems. An “in-ser-
vice-improvement” program, for instance, examines new
techniques in sadar detection. The more promising develop-
ments are evaluated at the Administration’s National Avia-
tion Facilities Experimental Center (NAFEC), located near
Atlantic City, N. ], or in the field. Now being examined is
the application of special circuitrv to radar receivers to im-
prove the clutter-rejection capabilities of radar.

Long-range programs include replacements of the older
radars with improved designs. A modern solid-state terminal
radar, the ASR-7, is now in final stages of test.

The most ambitious program underway is automation of
the contro! function to ease the workload on the controller
and increase utilization of our airspace. As part of this plan,
the radar video is first digitized, then processed into target
report messages for transinission over telephone lines to the
center computer. This advanced svstem is located at one of
the radar sites feeding the Jacksonville, Florida air route
traflic control center. A

High-resolutian ASDE radar display. Note the clear demar-
cation of the buildings, runways, and ramps of the airport.

The digitizer now being instolied at enroute radar sites.
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The Integrated Circuit-Its Future

A projection into the 1970’s for linear, digital, and large-scale integration.

Its future impact on engineers,

F the autoinobile had improved over the past 10 vears
in the same degree as the integrated circuit. the average
car would now sell for $10 and eruise at 10,000 miles
an hour. This analogy mayv appear a bit faneiful, but i
serves lo illustrate. in a way that most graphs and tables
cannot, the remarkable growth and vigor of the integrated-
civenit industry. Sinee the early 1060%, total integrated-
circuit business has increased by a factor of ten and the
complexity of integrated circuits has doubled each year.

According to Dr. Robert Noyce, a pioneer i the devel-
opment of integrated circuits and now president of Intel
Corp., this trend will continue if economic motivation exists
and some process limitations can be overcome. An area
where substantial economic return is foreseen iz the seini-
conductor menory. This component promises to become the
most significant member of the computer-memory family
in the 1970%.

Dr. Novee believes that one limitation is the optical res-
olution of the photo-processing technigues used todav. He
sees an approaching platean i the field while new methods
are being developed. A second limitation is finding a “uni-
versal” high-complexity cirenit building block. “*Although
some progress has been made. ..., solntions are not yet
adequate.” Still, Dr. Noyee is most optimistic for the future,
especially in the field of semiconductor memaories.

In the view of Jack Kilby, Assistant Vice-President of
Texas Instruments, who is often credited with the invention
of the integrated cireuit. with the exception of the opera-
tional amplifier. no similar versatile monolithie block has
been developed and none is now in sight. “If future progress
in integration is to oceur. substantial changes in the entire
process by which electronie equipment is designed and man-
ufactured will be required. Emphasis must shift from the
stable production of high rates of standard parts to a highly
flexible process capable of designing an almost infinite va-
riety of parts, most of which will be produced in extremely
small quantities.”

Linear Integrated Circuits (LIC’s)

As the following articles in this Special Section will show,
applications for LIC’s are virtually unlimited. They are

Photomicrograph in background at top of this page is part
of new Fairchild uA757C, a linear IC employed for high-
gain i.f. amplification with a.g.c. It can be used in AM,
FM, or communications receivers. OEM price is under $5.
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technicians, and managers is also explored.

used as operational, power, sense. r.f.-if.. and microwave
amplifiers. multipliers; compirators: voltage regulators: ete.
Linear IC’s now constitute voughly 159 by dollar volume
of the total integrated-circuit market (Yig.1). In the past
few vears, the annual dollar growth rate has been approx-
imately 309 while the annual decline in price has been
about the same percentage (g, 2). This performance
~hould continne through the cirly 1970°s.

Present linear-IC sales break down us follows: 45% mili-
tarv. 35% industrial. and 209, consumer. [t is expecled Lthat
the relative perceniage of military sules will dechune. the
relative percentage of consumer sales will rise rapidly, and
the fraction of the markel held by industrial applications
will increase at a moderate pace.

With increasing use of the LIC it is expected that house-
hald appliances will be more sophisticated and will require
far less mmaintenance. Automobiles may have a central pro-
cessor ta control virtually all the funetions of the vehicle,
including fuet injeetion, ignition, voltage regulation, and en-
gine electronies. In comparing produets that use IC’s with
those that do not. it is safe to say that the former will pro-
vide more advantages for the sume selling price.

In the industrial market. LIC’s will reduee labor and en-
gineering costs by simplifying the design cycle. decreasing
the number of parts purchased and assembled. and cutting
down engineering and testing times. In military gear. com-
ponent cost is usually such a small pereentage of total equip-
ment cost that cost savings are not a major consideration.

Fig. 1. Growth of U.S. monolithic IC industry (after Motorolal.
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Fairehid Senvconductor contends that the number ol new
LIC’s introduced each year will double for the next several
vears. The new circuits will be faster and cheaper, will
operate at higher frequencies, and will generate more pow-
er. Custom designs will become more common and., in a
few years, there will be large-scale integrated (LSI) linear
devicex and circuits with high-voltage (300 V) and high-
power-dissipation (15 W) capability. (With the low-cost
packages now available, one is limited to about Yo-watt dis-
sipation per chip.) Other advances will include chips that
contain both a transducer and an LIC. and individual
trimming of resistors on the chip for custom adjustiment
of paraneters,

Digital Integrated Circuits (DIC’)

The DIC was first used in military conputer systemns
where reliability and small size, not cost, are prime con-
cerns. As the price of these circuits started to decline, they
were used more and more in what is today their major
market—commercial data-processing systems. With further
declines in price, they entered the field of industrial applica-
tion. such as process control, instrumentation, and com-
munications systems. As prices continue to decrease. it is
certain that DIC's will be found in a number of consumer
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Fig. 2. The decline in the average selling price (ASP) for
monolithic integrated circuits according to Motorola figures.

Fig. 3. Comparison of average selling price per gate us-
ing DTL/TTL versus MSI component blocks (after Fairchild).
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products. 1he mujusiry has heen buill anid will continue fu
build on high volume and low cost.

MSI Building Blocks. An MSI (medium-scale integra-
tion) cireuit is frequently defined as one with a complexity
of greater than 15 gates. Discrete gates are rapidly being
replaced by MST bnilding blocks that perform entire fune-
tions—multiplexing. decoding. counting, ete. In the future it
is expected that most of the logic circuitry found in digital
systems will consist of these MSI building blocks.

MSI is beginning to encroach upon territory that tradi-
tionally has been the exclusive province of the LIC. Two
examples are digital frequency synthesizers, which are find-
ing application in military systems, in AM-FM radios, and
digital voMmeters. These digital devices are more stable and
casier to control than their linear counterparts.

A comparison of the average cost per gate using standard
MSI circuits with that of conventional diode-transistor
logic (DTL) and transistor-transistor logic (TTL) is shown
in Fig. 3. As new applications are found for the DIC and
processing improvements are made, the number and com-
plexity of standard MSI building blocks will continue to
grow. Efficient design of MSI circuits ean only be realized
by close liaison hetween system and logic designers and IC
engineers,

Memories. At present. only a fraction of one percent of
all digital TC’s are used as memory devices. But by 1976,
Fairchild Semiconductor estimates that the semiconductor
memory market will be close to a half-billion dollars, and
by the end of the decade, about 709 of all memory devices
will be DIC’s.

Semiconductor memories can be either bipolar or MOS.
The bipolar devices are superior to magnetic memories in
one important respect—speed. Increased speed is needed
beause magnetic memories are significantly stower than
the latest logie circuitry. MOS memory devices. although
at present no faster than magnetic memories, are now com-
petitive with them in both price and performance. In the
near future. the MOS devices will he less expensive for a
large number of applications,

Large-Scale Integration (LSI)

An LSI cireuit is usually defined as a monolithic device
with a gate complexity greater than 100, One LSI chip
usually represents an entire subsystem or system. Because
the modern design trend is towards higher complexity and
smaller size, the LSI field is growing at an exceptionally
fast rate. Some predict that by 1972 dollar volume will
reach 60 million.

Invariably, LSI dictates custom design. Extremely in-
tricate and built to exacting specifications, an LSI circuit
is. as a rule, good for just one particular application. Hence,
only a few circuits of LSI complexity, primarily nremories,
have been standardized.

Most LSI ecireuits in operation today contain MOS de-
vices: bipolar LSI circuits are used when the application
requires high speed. In the very near future. several com-
panies will introduce LSI devices using silicon-gate tech-
nology. a variation i the structure of MOS devices. The
silicon-gate circuit has a number of advantages over the
MOS circuit, not the least of which is its compatibility with
bipolar circuits,

There is a limit to the complexity of an LSI structure.
To increase circuit complexity, it is usually necessary to in-
crease the size of the chip. For a given fabrication tech-
nique. however. as one increases chip size, chip yield per
stlicon wafer decreases and cost rises. (At present, an eco-
nomically feasible LSI chip is roughly 130 mils on a side.)
Since this problem is inherent in the technology. it can never
be entirely eliminated, but its severity can be reduced by
improved processing.

A second difficulty is the customer-interface problem.
The design and implementation of any custom LSI circuit
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demands a technical discussion between buyer anil manu-
facturer concerning any problem unique to the circuit in
question. Because such a dialogue takes time and requires
highly skilled personnel on both sides, it severely restricts
the number of customers any one manufacturer can handle.
To help solve the problent. semiconductor manufacturers
are now using cellular building blocks and computer-aided
design techniques.

Hybrid Technology

Although the preceding observations were directed to
monolithic technology. it should not be inferred that thin-
filin or thick-film hybrids are out of the picture. For small
integrated-circuit production runs, the hybrid approach is
often the most economical, In some applications, like mi-
crowave circuits. the hybrid IC is currently the only prac-
tical approach. A number of companies are active in the
development of new materials, processes, and chips for the
hybrid field. This activity should continue into the '70’s.

Impact on Personnel

Integrated circuits are changing the kind of work an en-
gineer does and the kind of engineering jobs available. Be-
cause it is easier and cheaper to make an integrated-circuit
transistor than passive components like capacitors or in-
ductors. the circuit man must adopt a new design philos-
ophy. With discrete technology. it was desirable to nse few
transistors: with integrated circuits one avoids inductors
and capacitors and uses as many transistors as possible.

The engineer who uses IC’s is very often more of a sys-
tems designer than a circuit designer. He has to work with
block diagrams, subsystems. and systems, rather than with
components and devices. As the IC market expands, and

as IC’s rep ace many electromechanical and mechanical
devices, the demand for engineers, particularly electrical
engineers, will propably increase. Mechanical engineers will
find it necessary to learn about IC’s simply to keep up
with changes in package design and thermal problems.

The technician will use mini-computers and time-sharing
terminals to perform fairly complex simulation instead of
the traditional breadboarding, Testing and troubleshooting
will be easier since the technician will work with blocks and
subsystems rather than with components. In general there
will be more variety and less drudgery. Higher levels of
knowledge will also be required.

The impact of the integrated circuit on management will
be far-reaching and. in some cases, profound. A great many
managers. including those in non-technical fields, will have
to become familiar with the advantages and capabilities of
these circuits. A smaller. but still significant number, may
be compelled to reorganize and reorient their companies if
they are to remain competitive.

A manager must now think more in terms of systems and
subsystems. He must be better organized if he is to handle
the enormously increased flow of information and must be
less reluctant to change his product when technological in-
novations call for such a change. The impact of LSI on sys-
tems manufacturers will be especially great. If a systems
manufacturers uses LSL. then much of his systems develop-
ment may be done by semiconductor companies outside of
his plant. Such an arrangement will place greater demands
on him as a manager. He will have to "manage” people not
on his payroll and establish close liaison with the semicon-
ductor manufacturer. Sending a salesman over to take an
order will not do: the manager himself will have to become
more intimately involved with operations at every stage. A

AN IC differential comparator is a high-gain voltage amplifier,
with differential input and single-ended output, which is pri-
marily designed to convert analog (or linear) signals into digital logic
levels. Typically, a comparator contains two or more stages of gain
with translation and buffering (see figure).

The characteristics of the differential comparator lend themselves
to many diverse applications. Originally the comparator was designed
to be used as a core memory sense amplifier. However, it takes two
comparators (both on the same chip) with their outputs tied together,
and a resistor divider network to provide the rectification and refer-
ence voltage, respectively, required to perform the sense amplifier
function.

The differential comparator also makes an excellent differential
line receiver when digital data has to be transferred from one cabi-
net or “black box" to another which may be several hundred feet
away. One of the most basic uses of the comparator is as a level
detector.

The two stages of gain are accomplished with a differential am-
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Differential Comparators

By RICHARD F. BRUNNER / sr. Applications Engineer, Motorola Semiconductor Products Inc.

plifier. One of the outstanding features of this amplifier is its ability
to amplify a difference signal across its inputs and to attenuate
signals common to both inputs. This type of amplifier also exhibits
excellent balance: both halves of the amplifier are matched so that
electrical symmetry exists between both halves of the circuit. This
balance tends to enhance common-mode rejection (ratio of differ-
ential gain to common-mode gain) and gain linearity. Excellent elec-
trical tracking is also maintained, that is, balance is maintained with
variation of signals, power supplies, and temperature.

In many comparator applications the input to the first amplifier
stage can swing several volts positive and negative. This requirement,
along with the current source (A) technique used with differential
amplifiers, necessitates that both a positive and negative power
supply be used.

The input amplifier (B) is followed by a second differential am-
plifier stage (C) with a single-ended output as compared to the
double-ended (differential) output of the first stage. The output of the
second stage has a d.c. level several volts above ground. Consequent-
ly, an emitter-follower and zener diode (D) are used to level-shift
the output downward to make it compatible with DTL or TTL satu-
rated logic. The emitter-follower output also functions as a buffer
between the output of the comparator and the load it is driving.

The strobe input (E) of the comparator performs a logic ‘‘and”
function; the comparator output will go high (43 volts) only if a
positive signal is applied to the non-inverting input or a negative
signal applied to the inverting input at the same time the strobe
input is made high. If a negative signal is applied to the non-invert-
ing input or a positive signal to the inverting input at the same time
the strobe is high, the comparator output will remain low. Hence,
only those signals that are present during the time the strobe is
high are detected. The strobe can be disabled by tying its input
high (=3.0 volts). or it can be used to hold the comparator output
low (—0.5 volt) by tying its input to ground.

Other applications include Schmitt trigger, pulse shaping, zero-
crossing detector, oscillator, and a window discriminator, to name
just a few. A
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The author received his BSEE from Pennsylvania
State University in 1953 and an MSEE from Newark
College of Engineering in 1961, From 1953 to 1955,
he was with Daystrom Instrument Div. as systems
leader on radar and gunfire control systems. In
1955, he left to serve in the U.S. Army. On his re-
lease in 1957 he joined RCA where he has specialized
in the solid-state area. He is concerned with dis-
crete and monolithic IC’'s for small-signal applications.

Monolithic LIC’s for Consumer Products

By RICHARD A. SANTILLI / Manager, Linear Applications, Solid State Division, RCA

For the home-entertainment or consumer market, the 1970’s
will truly be the decade of integration as IC’s become more
widely used in TV’s, radios, audio, and awtomotive equipment.

HE small-signal electronic circuits in consumer pro-

ducts have been steadily evolving to lincar inte-

grated cireuits (LIC’s). At present. major inroads
have been made in home-entertainment products, speci-
fically color television, Before discussing the technical de-
tails, a brief survey of thie market and the general require-
ments for integrated-civevit (IC) penetration is warranted.
The total consumer market is represented by many pro-
ducts, a partial listing of which is given in Table 1. A
few of these products are more readily converted to 1C's:
therefore. it is easier to assess their requirements, timing.
benefits, and economies.

As an example, it is possible to partition a radio or tele-
vision receiver, examine a functional block of ecither tube
or discrete solid-state electronics, and estimate fainly ac-
curately its cost and thus determine what the IC must
contribute in order to penetrate this market in high-vol-
ume usage. All that is done is to replace one set of elec-
tronies performing a function with another set capable of
doing the same job,

The picture changes. however, when similar compari-
sons are attempted with mechanical or electromechanical

Table 1. Listing of consumer products with LIC potent.al.

TYPICAL APPLICATIONS

MAJOR CATEGORY OR PRODUCTS

v Small-signal processing
in color and
black-and-white receivers

Radio AM, AM-FM in console,

table, portable,

or automotive receivers
Audio Mono, stereo, tape equipment
Household Appliances Washers, dryers, ovens
Mysica!l Instruments Organs
Visual Equipment Projectors, cameras

Automotive Heating and air-conditioning

controls, anti-skid devices
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systems, sucl as washers or dryers. Iere, simple mechan-
ical timers  (with associated switches) provide a great
deal of power switching and timing at low cost. However,
as features are added. mechanical complexity and cost in-
crease while reliability decreases, until a point is reached
where solid-state control makes sense. Although it is real-
ixtic to predict that IC’s will make sizable inroads in this
market, the timing is difficult to predict because of con-
sumer's demands and desires and the need for continual
systems development for the best performance/cost ratio.

In any event, predicated on penetration into the first
three domestic market areas shown in Table 1, it is antici-
pated that the growth pattern for monolithic LIC's will
he:

1969 1971 1975
Units {millions) 9.7 34 100
Dollars (millions) 8.0 29 5

Today, for an LIC to enter these areas involves well-
defined requirements. Specifically, these are:

1. LIC Contributed Value: The consumer market is an
extremely price- and cost-competitive market. Unless the
IC provides functions not presently included in the sys-
tem. it is simply taking over a job handled by tubes or
discrete transistors. It is unlikely that IC’s will penctrate
the market in quantity unless it can be projected that vol-
ume-usage pricing would be competitive. Although a por-
tion of a circuit considered for integration can be easily
assessed relative to its cost on the basis of pellet size,
circuit complexity, and package. its true cost cannot be
determined until user specifications are fixed and yields
established. Even with computer-aided design techniques.
this problem caunot be resolved in many eritical cireuits
until the product is made. because of complex a.c. testing
requirements. Because of these stringent contributed-value
requirements, consumer IC designs tend to be “custom”
rather than general-purpose cireuits.

2. System Simplicity and Reliability: The advantages of
system shuplicity and reduced component and intercon-
nect count are established facts. Reduced inventory re-
quirements provide a significant advantage to the user. Im-
proved reliability is implied with the simplified IC system,
provided rigid reliability criteria are applied to the IC.
We have established mechanical and environmental require-
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menis (including operating and stor-
age life) which are at least as severe
as those for a single discrete bipolar
device intended for the same function.
The final reliability can only be estab-
lished, however, in the ultimate sys-
tem where all malfunctions and mal-
adjustments can occur.

3. Circuit Advantages: Monolithic
technology provides inherent cireuit
advantages relative to component : :
matching (active or passive), temper- kg Jl
ature compensation, and voltage regu- e
lation that permit the ultimate system ks
performance and IC stability.

4. Serviccability: This is being at-
tained in more complex systems, such
as TV receivers, through the use of ;
sockets and/or replaceable or plug-in R
boards. The latter approach seems to
be especially popular.

Television Rececivers

As mentioned earlier. major inroads have already been
made in this area. The major effort has been directed to-
wards color TV, with black-and-white receivers benefiting
from the development work and a few of the compatible
circuits. Exclusive of tlie u.h.f. tuner, present-day mono-
lithic technology is adequate to develop IC’s capable of
performing all other small-signal functions in a color-TV
receiver. The task of partitioning the receiver for integra-
tion presents a difficult and sometimes arbitrary problem.
It is naive to believe that one such system will suffice.
More likely, a few systems will evolve and intercombina-
tions will permit many options. The vertically lined func-
tional blocks shown in Fig. 1 indicate areas in which
reasonable industry agreement exists on partitioning. IC’s
are now available to handle these functions and those of
the horizontally lined blocks. Areas marked “C” indicate
other circuitry capable of being integrated today.

Exclusive of the replacement of a discrete stage with
a simple IC (a differential amplifier) . the first LIC for tele-
vision was introduced in 1966. The circuit, the present
CA3014, consists of a sound-i. f. amplifier/limiter, an FM
discriminator, and an audio emitter-follower output. This
IC started in production in the RCA CTC25 chassis, and
replaced the commonly used tube i. f. amplifier and quad-
rature detector. Since then, the sound-i. f. amplifier has
progressed through several stages, each
successive one incorporating additional
circuitry while providing more contrib-
uted value with fewer peripheral com-
ponents.

Today’s sound-i. f. amplifier, the
CA3065, is shown in block form in
Fig. 2. By comparison with the pre-
vious circuit. this IC has better limit-
ing sensitivity (200 uV maximum as
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Fig. 1. Block diagram of color-TV set with lined blocks showing presently available IC's
and blocks marked with */C" indicating other circuitry now capable of being integrated.

of a single unshielded wire to the volume-control potenti-
ometer which may be bypassed, if necessary, for hum
suppression.

A remote-control amplifier and an automatic-fine tuning
{a. f. t.) circuit were quick to follow the sound-i. f. ampli-
fier in 1967. A block diagram of the CA3035 remote-control
system is shown in Fig. 8. The IC is an ultra-high-gain
(132 dB at 40 kHz), low-noise amplifier consisting of three
separate amplifier sections. The single-ended amplifiers are
normally capacitively coupled with small-value capacitors
to provide the required low-frequency roll-off. Internal bias
cirenits establish stable operating conditions for ampli-
fier sections Nos. 2 and 8 asx a function of supply voltage
and temperature: amplifier section No. 1 is stabilized by
d. ¢. feedback from terminal 8 to terminal 1. The unit is
supplied in a 10-lead, TO-5 package. Because this circuit
represents, basically, the receiver portion of the remote-
control system (up to the relay drivers), it is compatible
with electromechanical or the more recently introduced all-
electronic systems, and thus has not suffered from techni-
cal obsolescence.

As in the case of the sound-i. f. amplifier, automatic-fine-
tuning systems have progressed through several gener-
ations since their introduction. Basically, the functions on
the chips have remained the same: a biased wide-band i. f.
isolation amplifier/limiter (up to 60 MHz), an FM-detector
network, and an error-voltage amplifier. However, per

Fig. 2. Block diagram of the present sound-i.f. amplifier, the CA3065.
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This provides a stable supply for the
chip while simplifying the power-sup-
ply decoupling network by eliminating
an electrolytic capacitor. In addition,
the conventional double-tuned dis-
criminator transformer is replaced by
a single-tuned coil, an isolated biased
audio amplifier with 20-dB gain re-
places the emitter-follower, and a d. c.
volume control following the detector
is incorporated into the design. The
d. ¢. volume control permits the use
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Fig. 3. Remote-control system using integrated circuit.

formance has been improved and the peripheral circuitry
has been simplified. The recently introduced CA3064 is
shown in block form in Fig. 4. The if.-amplifier gain has
heen improved by 20 dB (45.75-MHz picture-carrier ref-
erence) , a zener supply has heen incorporated, and bypass-
ing has been simplified in the i.f. amplifier through the use
of a single-ended i.f. amplifier. The 1C is available in a
10-lead TO-5 package.

These three IC systems have had a good field history
since 1966. Although 27 million digital monolithic IC’s were
sold in 1966, no significant field history existed for mono-
lithic LIC’s in this application. Some common failures
which were uncovered in the laboratory and which are
relevant to all IC’s for TV applications include:

1. In receivers in which the sound IC was used to drive
an audio-output tube directly. warmup tube arcing was
transmitted through the grid to the audio preamplifier of
the IC and damaged the preamplifier. Inclusion of a series
resistor, having a minimum value of 0.1 megohm, between

Fig. 4. Recent IC being used for a.f.t. TV circuitry.
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the preamplifier and the tube grid solved this problem.

2. Because picture-tube arcing can induce significant
ground transients, all receivers should be thoroughly stud-
ted for the effects of such arcing relative to IC damage.
Instances have been investigated where IC’s “mysteriously
failed” on receiver life tests. Artificially induced picture-
tube arcing duplicated the failure, and a simple improved
ground layout solved the problem.

The prime area of current development in the TV indus-
try is chroma demodulation. A basic eircuit which has been
well received by major recciver manufacturers is shown
in -Fig. 5. The circuit is a doubly balanced demodulator.
balanced for chroma as well as the 3.58 MHz reference. It
operates in a synchronous-detection manner in which the
chroma is fed to the constant-current source in a differen-
tial-amplifier circuit while the reference is applied to the
differential amplifier. The doubly balanced configuration
provides cancellation of the 3.58-MHz reference and mini-
mizes the need for filtering at the outputs. The outputs of
the two decoders are fed to a resistive matrix in which the
color-difference signals are developed and then delivered
individually to the outputs through emitter-follower isola-
tion amplifiers.

Several domestic as well as foreign [C manufacturers
have introduced IC’s for other portions of the receiver.
Examples of such IC’s are as follows:

L. Motorola MC13520P: first and second pictures-i.f.
amplifiers. a.g.c. gating amplifier, and if. and rf. agec.
amplifiers.

Q. ITT TAAT90: syne separator. horizontal oscillator,
automatic frequency control, automatic phase control, and
noise blanking.

3. Plallips TAAT00: video preamp, gated a.g.c. detector/
amplifier. noise detector and gate, sync separator, automa-
tic horizontal sync circuit, and vertical sync amplifier.

Although the primary penetration has been in color TV.
black-and-white receivers can and do use the compatible
devices. Dominant among these 1C’s is the sound-i.f. amp-
lifier. It is anticipated that black-and-white TV will justify
development of some of its own custom IC circuits.

IC’s in Radios

The immediate radio market is for home-entertainment
and automobile AM and AM-FM radios. Until recently.
the AM radio designer had few options in the use of an IC
for AM: specifically, he could use an array, a differential
amplifier. or an aundio preamplifier circuit. The new TA3640
now offers the designer a* flexible and versatile “front-end”
circuit (up to 30 MHz) compatible with composite i.f.
amplifiers in AM-FM receivers.

The new IC consists of an r.f. amplifier with an a.ge.
circuit, a mixer-oscillator, two i.f. amplifiers, and a 5.5-volt
zener reference supply. The a.g.c.-amplifier portion of the
circuit acts as a variable unbypassed emitter resistance for
the low-noise r.f. amplifier stage.

The mixer-oscillator stage is a differential amplifier with
a constant-current source. The r.f. input is fed into the
differential amplifier (either push-pull or single-ended).
The oscillator is a common-base configuration using two
transistors in parallel as the active element. Single-ended
feedback is provided from the common collectors through
the external oscillator tuned circuit to the common emit-
ters. Because oscillator current can flow in either leg of the
differential amplifier, or both, and this current is fixed by
the constant-current source, a.g.c. may be applied to the
mixer without objectionable oscillator pulling or blocking.
Thus, the circuit behaves more as a mixer-oscillator than
conventional bipolar self-oscillating mixer circuits (auto-
dyne converters) . Two 1.f.-stages are provided, one with un-
bypassed emitter resistance for good linearity and dynamie
range.

This i.f. configuration provides maximum versatility for
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composite AM-FJM if.-amplifier con-
figurations. A typical block diagram
of an AM-FM receiver is shown in
Fig. 6. The first and second i.f-ampli-
fier stages are RC-coupled and com-
posite for AM and FM. The FM i.f.
output of the second if. amplifier is
transformer-coupled to the high-gain
amplifier block, which is a portion of
another IC, the CA3075. This 1C. de-
veloped and optimized specifically for
FM if. applications, consists of a
three-stage direct-coupled amplifier/

"
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limiter, an FM detector network with
an isolated emitter-follower amplifier.
and an audio preamplifier. The FM de-
tector requires only a single-tuned coil.
thus simplifying alignment while min-
imizing cost. The —3-dB limiting sen-
sitivity of the i.f. gain block (10.7
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MHz) is 500 pV maximum, and re-
covered audio at detector output is
525 mV minimum.

The audio amplifier is a single-stage
amplifier with emitter-follower input
(for high input impedance) and emit-
ter-follower output. The amplifier pro-
vides an audio gain of 21 dB. No ex-
ternal bias components are required

for the audio amplifier. -

These two IC’s permit many AM- I
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Fig. 5. Circvit diagram of the components on the integrated-
circuit chip which is employed for chroma demodulation in TV.
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Audio Equipment

In audio equipment, monolithic 1(’s have started to in-
vade the stereo-preamplifier and low-power audio-amplifier
market. The availability of multiple amplifier IC’s, such
as the CA8052, has provided stereo circuit designers with a
new tool and additional degrees of design freedom. This
IC consists of four identical independent low-noise ampli-
fiers that can be connected to provide all the amplification
necessary in a stereo preamplifier. Each of the amplifiers
consists of a differential amplifier (Darlington inpnt) driv-
ing a common-emitter amplifier. Internal negative d.c. and
a.c. feedback is provided from the output of the common-
emitter amplifier to the non-inverting side of the differ-
ential amplifier. The a.c. feedback may be adjusted by
controlling the a.c. impedance from the non-inverting side
of the differential amplifier to ground. When this point is
a.c.-bypassed, a maximum gain of 58 dB per amplifier is
obtained with a bandwidth of 300 kHz. Equ: ization for
phonograph or tape ean easily be incorporatc I with ap-
propriate RC networks between the amplifier »utput and
the non-inverting side of the differential amp fier.

Low-power 1C audio amplifiers (up to 5 watts have been
common in the consumer marketplace for tl  past two
vears. Basically the designs are of a driver-outp t configur-
ation. with output circuits of the convention: push-pull
(transformer-output) or quasi-complementar; -symmetry
type. A typical example is the CA3020A show in Fig. 7.
This circuit consists of a differential-amplifier ccnfiguration
that provides gain as well as phase inversion and drives
enitter-follower amplifiers which drive the isolated outputs.
A temperature-compensated bias circuit is incorporated, to-
gether with an optional emitter-follower buffer input stage
for increased input impedance. Common applications in-
clude the power-driver function for the conventional audio-
output stage. In this case the 1C outputs are fed to a driver
transformer which is connected to conventional power

July, 1970

Fig. 6. AM-FM receiver '‘front end’’ with two integrated circuits.

transistors. These transistors drive a loudspeaker directly.

The use of LIC’s in consumer products is on the increase,
Leading the way are home-entertainment products in which
the transition is better defined. Major inroads can be made
by the mid-1970’s. Although most non-entertainment appli-
cations are in the drawing-board stage and require im-
proved systems or a better performance/cost ratio, the
trend is there. For consumer products, the 1970’s will be a

decade of integration. A
Fig. 7. Schematic of IC employed as an audic power-driver.
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in 1966. From 1961 to 1966 he was a member of fhe fechnlcal staff of
RCA Laboratories. In December 1966, he transferred to the Technical
Programs Laboratory of RCA Electronic Components, as Project Engineer.
In July 1968, he assumed his present position. He has lectured at Brooklyn
Polytechnic, the City College of New York, and at numerous company
Management and Engineering training programs. He is author or co-
author of ten published papers and has two patents. He is chairman of
the |EEE Basic Sciences Committee of New York Section and co-founder of
the committee on Computer-Aided Design and Applications of Devices.

I(’s for Microwaves

. - B DI P

By RONALD B. SCHILLING/ Eng. Leader, Microwave Microelectronics

Solid State Division, RCA

Where medium or low r.f. power is needed, microwave IC’s are
replacing large, bulky vacuum tubes and associated plumbing.

ICROWAVE integrated circuits (MIC’s) are now
coming mto their own. For several decades the
microwave industry relied on active devices such

as magnetrons, klystrons, traveling-wave tubes. and erossed-
field and backward-wave oscillators, together with wave-
guide, coaxial, and stripline circuitry. Systems using these
devices and circuits were often characterized by large size,
short life, low reliability, and ligh cost. Since 1965, when
integration made inroads into the microwave field, MIC’s
have been demonstrating the feasibility of replacing former
methods and have started performing mediumn- and low-
power microwave functions.

Why do system designers decide to use MIC’s instead of
conventional approaches? The major reasons include lower
cost, the potential for higher reliability and longer life,
smaller size and weight, improved reproducibility, and im-

Fig. 1. Comparison of 2-GHz, 1-watt lumped-element and
microstrip amplifiers having equivalent performance. The
lumped-element circuit, approximately one-tenth the size
of the microstrip version, has been placed on the micro-
strip substrate (at right center) for this photograph. The
larger microstrip substrate measures about 1-inch square.
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proved performance in certain applications. The reduced
cost of MIC’s can be attributed to batch-fabrication tech-
niques. As is the case with integrated circuits for other
frequencies, both the material costs and the cost of I)roduc-
tion are low. The use of photohthomapluc techmques in
place of cavity machining also yields an impressive cost
advantage.

The high reliability and long life of MIC’s are a result of
using solid-state devices. Solid-state components can last as
long as the system in which they are being used. In addi-
tion, integration techniques minimize interconnects and
high-reliability connection methods, such as bonding and
beam leads, eliminate the usual requirement for cables and
connectors.

Size is reduced when waveguides, coaxial, and stripline
circuits are replaced by the MIC techiniques of microstrip
or lumped elements. This reduction in size and weight with
MIC’s is important in antenna-mounted. airborne, space-
born, “manpack,” and portable equipment.

Reproducibility in MIC’s is obtained with batch-fabri-
cation methods involving thin-film, thick-film, and photo-
lithographic techniques. Such techniques lead to a very
uniform product. The most variable elements in MIC’s are
active semiconductor devices and their preselection sub-
stantially decrcases the effects of device variability.

Improved performance can be attained in MIC’s by
working at the chip level of the active device. At these
high frequencies it is extremely important to eliminate
parasitics associated with device packages.

The relatively new field of microwave integrated circuits
has advanced beyond the laboratory stage and a large va-
riety of MIC’s, covering a wide range of applications, have
been developed. Components and subsystems as well as
systems utilize MIC’s; available types include mixers, mul-
tipliers, parametric amplifiers, up-converters, wide-band
low-noise and wide-band high-power transistor amplifiers,
phase shifters, TR switches, directional couplers, and filters.
Receivers, transmitters, and transmit/receive modules have
also been developed,

Systemr designers can use MIC’s in communications, ra-
dar, ECM. and instrumentation systems spanning the fre-
quency range from a few hundred megahertz to approxi-
mately 15 GHz, while some prelininary work has been
done at 35 and 90 GHz. Although such functions as the
generation of high power and narrow-band low-loss filtering
are difficult to achieve with MIC’s, a group of moderate-
power MIC transmit modules can be used in a phased-array
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antenna to produce gl power. Lhe SiZe aavadntage assucl-
ated with MIC’s is important in phased arrays because
elements must be spaced on approximately half-wavelength
centers. Solid-state. pha ed-array radar offers such advan-
tages as reliability. muwtitunction capability, and gradual
degradation, An experimental 9-GHz radar with 600 trans-
mit/receive modules has been built.

MIC Techniques

As is the case with conventional IC’s, two basic tech-
nologies—monolithic and hybrid—can be used for MIC’s.
Monolithic MIC’s employ resistive isolation in high-resis-
tivity wafers of silicon or gallium arsenide, with resistiv-
ities in excess of 1000 ohm-cni. Planar devices are fabri-
cated In an epitaxial layer and use is made of top-surface
contacts. At present, monolithic technology suffers from
losses, processing problems, and limitations on device per-
formance which result in low yield and poor performance.

Monolithic MIC’s represent a future-generation MIC
technique which is still quite a few years away. A potential
advantage of the monolithic approach is the reduction and
control of parasitic inductances which occur when eircuit
and device are joined. This advantage is extremely impor-
tant for millimeter-wave circuits. However, the major ap-
proacl today is the hybrid technology discussed and illus-
trated i this article.

Hybrid MIC's are fabricated on high-quality ceramic,
glass, or ferrite substrates. The passive circuit elements
are deposited on the substrate while active devices are
mounted to the substrate and connected to the passive
circuit. Active devices may be used in chip form, in chip
carriers, or in small plastic or hernmetic packages.

Hybrid integrated circuits can be divided into distributed
and Lonped-element circuits. The most popular form of
distributed cireuit is the microstrip transmission line which
consists of a strip conductor separated from a ground plane
by a dielectric layer. Other distributed-circuit versions are
the suspended-substrate. slot-line, and coplanar-wave-
guide transmission lines. The lumped-clement form of
hybrid IC incorporates components small enough to behave
electrically as capacitors, inductors, and resistors, inde-
pendent of frequency over the range of interest. Advances
in semiconductor technology have made possible fabrica-
tion technigues that yvield components which are small
enough to behave as true lumped elements at microwave
frequenciex,

At present the over-all frequency range of MIC's is from
a few hundred megahertz to approximately 15 GlHz. Be-
cause ol technological limitations, lumped-element tech-
niques are at present feasible only below 3 Gllz. In this
range lumped clements are very competitive with microstrip
circuits.

In all MIC’s, passive circuitry is required for filtering or
impedance transformmg  Providing these functions with
microstrip requires line sections with dimensions on the
order of an eighth to a quarter of a wavelength. Space re-
quirements can be minimized by using high-diclectrie sub-
strates. Luniped elements must, by definition, have dimen-
sions significantly less than a wavelength; the rule of thumb
is 0.02 wavelength. As a result, lumped-element circuits are
much smaller than microstrip equivalents.

Fig. 1 compares 2-GHz, I-watt, lumped-element and
microstrip amplifiers having equivalent performance. The
Lhumped-element amplifier is approximately one-tenth the
size of the microstrip amplifier. Although the smaller size
as achieved by the lumped-element apprcach may be an
advantage in some cases, microstrip ecircuits are usually
small enough for many applications.

Two key advantages are gained by using lumped-element
circuits, both beeause of the small size. These are: reduced
cost and adaptability of the lumped-circuit component in a
hybrid subsystem. Because of the small size of lumped-ele-
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Fig. 2. This microstrip S-band power module can pro-
duce a power output of 15 watts at a 3-GHz frequency.

ment circuits, many devices can be batch-fabricated simul-
taneously on a ceramic wafer in the same manner as tran-
sistors. Consequently, because optimum use is made of
batch fabrication, the cost of lumped-element circuits is
lower than that of microstrip lines, which are usually made
one at a time,

The losses of lumped-element circuits are somewhat
greater than those of microstrip circuits. Inductors and
capacitors with @’s of 100 and several hundred, respee-
tively. have been fabricated usmg lumped elements, as com-
pared with @'s of 200 to 400 for microstrip resonators.

“Make-or-Buy” MIC’s?

Microwave-system designers and manufacturers must of-
ten consider the pros and cons of establishing their own facil-
ity for fabricating MIC’s An important requirement for a
suceessful MIC venture 1s the existence of an active-device
capability, Success in producing state-of-the-art MIC power

Fig. 3. Examples of lumped-circuit hybrid IC's using
wirebonding for interconnections. The upper unit is a
u.k.f. power amplifier which delivers an output power of
17 watts with a c.w. input power of 4 watts, at a fre-
quency of 225 to 400 MHz, The lower unit is a combiner/
divider for the same frequency band. Both these de-
vicas are available in either stud or studless packages.
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Fig. 4. A two-stage cascaded amplifier groviding 20-dB
gain at 2.2 to 2.3 GHz. Quiput power is | watt. This as-
sembly, housed in a hermetic package measuring about
1 by 1, inch, uses wirebonding to the device elements
themselves along with deposited interconnections shown.
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Fig. 5. Output stage ot the amplifier shown in Fig. 4.
This sapphire wafer, measuring 1 by % inch, has de-
posited on it the interconnections for 36 amglifiers. The
sapphire wafer is later sliced apart for separate use.

Fig. 6. Closeup of 2.25-GHz, 5.6-watt microwave am-
plifier which employs a new, developmental hansistor.
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availability of state-of-the-art microwave power transistors
in chip form. Selection, pre-testing, mounting, and bond-
ing of pellets is accomplished through close cooperation
between MIC and transistor personnel.

A sccond major requirement for fabricating MIC's is the
establishment of a hybrid-cirenit facility. Techniques of
evaporation and plating of metals, deposition of oxides. and
photolithographie processes are just a few of the standard
techniques required for MIC fabrication. Component manu-
facturers have made huge equipment investments in Lhese
areas and ean meet various system needs both economically
and effectively.

Although component manufacturers can sapply MIC’s
on a large scale, system designers have other options when
small quantities of units are required for feasibility studies
or special applications. As an example, preselected devices
can be purchased in carriers that are compatible with MIC s
Designers can also purchase precoated substrates and de-
fine circuit patterns with inexpensive photolithographic
equipment. In this way small quantities of MIC’s can be
fabricated at reasonable cost.

Examples of MIC’s

Fig. 2 shows a microstrip MIC capable of providing a
power output of 15 watts at 3 GIIz with a 1-dB bandwidth
ol 13 percent centered at 3 GHz. The input signal of 160
milliwatts at 1.5 GHz is amplified in a preamplifier made up
of two 2N5170 pellets followed by a 2N3921 pellet driver.
The power is then split into two balanced channels, each
containing a triple-chip power amplifier using the 2N3921
and a varactor doubler. The outputs ol both doublers are
combined in a hybrid ring. The 2N3921 transistors are
mounted in special microstrip chip carriers. The carrier
includes an internal impedance transformation that changes
the transistor impedance to a resistive value of 20 ohms.
The 8-band power module shown in Fig. 2 is intended pri-
marily for phased-array applications,

Lunmped-element circuits may be constructed in two
forms. The first incorporates chip devices and chip thin-film
inductors, capacitors, and resistors. The chips are mounted
on a substrale and interconnections are made by wirebond-
ing. An example of an MIC fabricated with the wirebond
approach is the RCA-TA7702 shown at the top of Fig. 3.
This device produces an output power of 17 walts from 225
to 400 MHz with a c.w. input power of 4 watts. A 100-watt
u.lif. system was construeted using this 17-watt amplifier
and power combiner/divider as basic building blocks. The
c.w. power outpul of 100 walts =1 dB was obtained from
225 to 400 MHz, with a gain of 11 dB and collector cfiiciency
of 50 to 60 percent across the band.

Fig. + shows a I-watt, 20-dB gain, 2.2 to 2.3-GHz ampli-
fier fabricated with chip elements and housed in a develop-
mental MIC package. Chip elements interconnected with
wirebonds provide a quick method for debugging and
“tweaking” an amplifier prior to {abrication by using inter-
connections that are deposited simullancously with the
circeuit elements. The only wirebonds in this case are to the
device. This particular method results in good reproduci-
bility.

Ifig. 5 shows the output stage of the amplifier of Fig. 4
which s batch-fabricated using deposited interconnects.
The 1-watt amplifiers of Figs. 4 and 5 use the 2N5920 tran-
sistor. A 5.6-watt, 6-dB gain, 2.25-GHz amplifier using the
2N5921 transistor is shown in Fig. 6.

Sufficient data on MIC’s has been obtained to indicate
that this approach to microwave hardware will be cheaper
to produce {even in modest quantities) than conventional
waveguide or coaxial circuits and will provide essentially
equivalent performance. It can also be expected thal the
frequency range of MIC’s will be extended as higher levels
of sophistication are attained. A
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The author, for the past year, has been working on
the development of linear integrated circuits in the
advanced circuit development section. Previously, he
worked for the Re-Entry Systems Department of Gen-
eral Electric Co., designing instrumentation and auto-
matic and semi-automatic equipment. After leaving
GE in 1968, he joined Philbrick/Nexus Research and
developed operational amplifiers and nonlinear func-
tion modules. The author attended MIT in Cambridge.

New Developments In

Monolithic Op Amps

By ROBERT C. DOBKIN / Advanced Circuit Development Section, National Semiconductor Corp.

Improved op amps are now available at lower cost, with higher
operating speeds, lower input currents, and greater frequency
response—dite to improved processing and super-gain transistors.

EARLY one million monolithic amplifiers are now
being sold ecach month. Prices have dropped from
$70 n 1965 to less than $2 today, even for relatively

small quantities. In fact. the cost is low enough so that these
devices can be used as simple components in applications
where operational amplifiers would not have even been con-
sidered a couple of years ago.

Operational amplifiers are designed for high gain, low off-
set voltage, and low input current. As a result. d.c. biasing
is considerably siniplified in most applications; and op amps
can be used with fairly simple design rules because many
potential error termis can be neglected. Also, circuit perfor-
mance of op amps is almost entirely dependent upon exter-
nal feedback elements rather than the open-loop transfer
function of the amplifier.

Operational amplifiers have undergone iutensive devel-
opment lately. In the past year, the input bias currents of
monolithic amplifiers have been reduced by about three or-
ders of magnitude. They can now surpass diserete amplifiers
in many applications. Operating speeds have also been in-
creased. Amplifiers are now available with bandwidths of
10 MHz and slew rates of 10-80 V/us. Power consumption

has also been reduced. with devices now available operat-
ing at less than 200 xA quiescent current.

Two factors have been responsible for the reduction in in-
put bias current of modern op amps. Improved processing
has raised the current gain of the n-p-n transistors from 100
to above 0 at low currents. Further, super-gain transis-
tors, a component not available to discrete designers, have
heen developed to provide current gains above 4000,

Super-Gain Transistors

The current gain of an n-p-u transistor depends, for one
thing. on the length of the emitter diffusion cyele during
manufacture. Devices which are diffused for unusually long
periods will exhibit increased current gain at the expense of
breakdown voltage. A super-gain (ransistor is one that has
been driven for the highest possible current gain. Fig. 1
shows characteristic curves for such a device. Current gains
in excess of 4000 can be obtained. but the breakdown volt-
age is only about V. ligh-gain transistors like these can
be built on the same chip with standard n-p-n transistors
by using two separate emitter diffusions. With this technol-
ogy,«it is possible to design circuits which take advantage of
the high current gain. vet can be oper-
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ated at high voltages.

The low-voltage, super-gain transis-
tors can provide an order of magnitude
improvement in input current specifi-
cations of the monolithic operational
amplifiers made by the improved pro-
cessing. The voltage-follower circuit
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Fig. 1. (Above) Super-gain transistor curves.
Fig. 2. (Right) The voltage-follower circuit. V-

shown in Fig. 2 illustrates their use.
ITigh-gain primary transistors are used
in the input stage to get very low input
bias current. D1 is included to operate
()2 at near-zero collecter-base voltage,
and the collector of Q1 is bootstrapped
to the output for the same reason.
Hence. low-voltage transistors can be
used on the input.
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Fig. 3. General-purpose operational amplifier using
bootstrapped high-gain transistors in the input stage.

The only transistor that sees any voltage is 3. which
buffers the output. Its current-gain requirements are not
stringent, so a moderate-gain secondary transistor can be
used. In this particular design. the high-gain (Q1. @2) and
high-voltage (Q3) transistors are combined to take advan-
tage of the best characteristies of both.

Because the input transistors are operated at zero collec-
tor-base voltage, high-temperature leakage currents do not
show up on the input. Field-effect transistors which. in the
past, have been an obvious choice for the input stage of
low-input-current operational amplifiers. suffer from leak-
age because there is no way to operate them with no volt-
age across the gate junction. In applications covering a
53° C to +125° C temperature range. super-gain tran-
sistors, which can give worst-case bias currents of 3 nA
and worst-case offset currents of 400 pA, have a distinet
advantage over FET’s. With existing technology. they ean
equal FET’s over a —25° C to +85° C temperature range.
and it is not difficult to foresee their superiority over a 0°
C to +70° C temperature range. Furthermore. matched
pairs of super-gain transistors exhibit typical offset volt-
ages of 0.5 mV to 1.0 mV with temperature drifts about
24V/° C compared with 40 mV and 50 gV/° C for FET's.
Certainly, discrete FET’s can be compensated or selected
for better offset or drift. but at a substantial increase in
cost. MOS transistors, which do not have leakage prob-
lems, are no alternate solution because they exhibit gross
instabilities in offset voltage.

Incorporating super-transistors in the input stage of a
general-purpose operational amplifier is not as easy as in
a voltage follower. Because the circuit must operate over
a wide range of common-mode voltages, there is no simple
way to operate the input transistors at zero collector-base

Fig. 4. Fast compensation for summing-amplifier use.

. Y

Power Bandwidth: 250 kHz
Small Signal Bandwidth: 3.5 MHz
Slew Rate: 10V/us
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voltage. However, this is certainly not impossible; and one
circuit for doing it is shown in Fig. 8. The design uses more
active components than a standard design, but this poses
no problems in a monolithic circuit.

The input pair, Q1 and @2, is operated in a cascode con-
nection with @5 and Q6, which stand off the common-
mode voltage. The bases of @5 and @6 are bootstrapped to
the common-mode voltage seen by the input transistors via
@3 and @+. Hence, the input transistors are always operated
with near zero collector-base voltage.

Four IC’s are presently being produced using super-
gain transistors to obtain low input currents. They
are the LM102, LM108, and LMI110 manufactured by
National Semiconductor and the MCI1556 manufactured
by Motorola.

Improved Frequency Response

Another area where operational amplifiers have under-
gone improvement is in frequency response. General-pur-
pose amplifiers have about 1 MHz small-signal bandwidth
with unity gain compensation. The primary speed limita-
tion is due to the poor frequency characteristics of the
lateral p-n-p transistor used for level shifting. The response
above 2 MHz, especially the excess phase shift, gets so
bad that it cannot be used in a feedback amplifier at high-
er frequencies.

The voltage follower shown in Fig. 2 does not have a
problem with the lateral p-n-p transistor since no level shift-
ing is required. Hence. a wide-band device can be built
which has a high slew rate. One such monolithic circuit,
the LMI110, provides a small-signal bandwidth of 10 MHz
and a slew rate of 80 V/us. Because it uses super-gain
transistors, iInput bias currents less than 10 nA are also re-
alized.

Feedforward compensation may be used to improve the
high-frequency performance of some standard amplifiers,
in certain configurations. An example of this is shown in
Fig. +. An LMI101A can be compensated by bypassing the
lateral p-n-p transistor to get slew rates of 10 V/us, a pow-
er bandwidth of 250 kHz, and a small-signal bandwidth as
high as 10 MHz. Further, high-frequency gain error is re-
duced (for example, by a factor of 50 at 100 kllz compared
to standard compensation) so it is possible to take advan-
tage of the faster slew. The feedforward compensation,
which is no more complicated than standard compensation,
provides more than an order of magnitude better perfor-
mance in high-frequency applications. However, feedfor-
ward compensation only works when the device is used as
a summing amplifier where the feedforward capacitor does
not have to be charged and discharged to swing the output.

For applications requiring a fully differential high-speed
op amp, the £A715 can be used. This device uses resistor
level shifting to circumvent the problems associated with
lateral p-n-p transistors at high frequencies. Tt provides
small-signal bandwidths of 10 MHz and slew rates of 15

V/us.
Some Design Problems

Because of their low input currents. the LMI110 and
LDM108 open up many new design possibilities. However.
extra care must be taken in component selection and in
the assembly of printed-circuit boards to take full advan-
tage of the performance. Further. unusual design tech-
niques must often be applied to get around the limitations
of some components.

The holding accuracy of a sample and hold ecircuit is
directly related to the error currents in the components
used. Therefore, it is a good circuit to use to explain some
of the design problems involved. Iig. 5 shows one config-
uration for a sample and hold circuit. During the sample
interval, Q1 is turned on, charging the hold capacitor, C'1,
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up to the value of the mput signal. When (/1 1s turned oft,
('l retains this voltage. The output is obtained from an op
amp that buffers the capacitor so that it is not discharged
by any loading. In the holding mode, an error is generaled
as the capacitor loses charge to supply eirenit leakages,
including the mput current to the op amp, the leakage cur-
rent of the holding capacitor, board leakages, and the
off current of the FET switch.

When high-temperature operation is involved, the FET
leakage can limit circuit performance. This can be mini-
mized by using a junction FET, as indicated. because com-
mercial junction FET’s have lower leakage than their MOS
counlerparts. However, at 125° C even junclion devices
are a problemn. Mechanical switches, such as reed relays,
are quite satisfactory from the standpoint of leakage. How-
ever, they ave often undesirable because they are sensitive
to vibralion, they are too slow, or they require excessive
drive power. If this is the case, the circuit in Fig. 6 can be
used to eliminate the FET leakage.

When using p-channel MOS switches, the substrate must
he connected to a vollage which is alwavs more positive
than the input signal. The souree-to-substrate hecomes for-
ward-biased if this is not done. The troublesome leakage
current of a MOS device occurs across the substrate-to-
drain junction. In Fig. 6, this current is routed to the out-
putl of the buffer amplifier through R1 so that it does not
contribute to the error eurrent.

The main sample switeh is Q1. while @2 isolates the hold
capacitor from the leakage of @1. When the sample pulse
is applied, both FET’s turn on, charging C'1 to the input
voltage. Removing the pulse shuts off both FET’s and the
output leakage of @1 goes through Rl to the output. The
voltage drop across R1 is less than 10 inV, so the substrate
of Q2 can be bootstrapped to the output. of the LM108.
Therefore, the voltage across the substrate-drain junction is
equal to the offset voltage of the amplifier. At this low
voltage, the leakage of the FET is reduced by about two
orders of magnitude.

1t is necessary to use MOS switches when bootstrapping,
the leakages in this fashion. The gate leakage of a MOS
device is still negligible at high temperatures; this i1~ not
the case with junction FET’s. If the MOS transistors have
protective diodes on the gates, special arcangements must
be made to drive 2 so the diode does not become forward-
hiased.

In selecting the hold capacitor, low leakage is not the
only requirement. The capacilor must also be free from
dielectric polarization phenomena. This rules out such types
as paper, Mylar, electrolytic, tantalum, and high-K ce-
ramic. For small capacitor values, glass or silvered-mica
capacitors are recommended. For the larger values, ones

284391

tTetlon, poiyethyiene ot polycarbonate
dietectvic capacitor

“Worst case dfiftt
Jess than 3 mV/sec

Fig. 6. Sample and hold circuit arrangement in which
the leakage due to FET switches has been eliminated.

witli Teflon, potyethylene, or polycarbonate dielectrics
<hovld be used.

When the liold capacitor is larger than 0.05 #F, an ixo-
lation resistor should be included between the capacitor and
the input of the amplifier (R2 in Fig. 6). This resistor i-
sures that the IC will not be damaged by shorting the
output or abruptly shutting down the supplies when the
capacitor is charged. This precaution is not peculiar to the
LM108 and should be observed with any IC op amp.

Other Applications

The differential input single-ended ontput instrumenta-
tion amplifier is one of the most versatile signal-processing
ammplifiers available. It is used for precision amplification
of diffierential d.c. or a.c. signals while rejecting large values
of common-mode noise. By using integrated circuits, a high
level of performance is obtained at minimum cost.

Fig. 7 shows a basic instrumentation amplifier which pro-
vides a 10-volt output for 100-mV input, while rejecting
more than =11 V of common-mode noise. To obtain good
mput chavacteristics. two voltage followers buffer the mput
signal. The LMI110 is specifically designed for voltage-
follower use and las 10,000-megohm impedance with 3\
input currents. This high value of mput impedance pro-

Input Offset Voltage: That voltage which must be ap-
plied between the input terminals through two equal
resistances to obtain zero output voltage.

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Voltage Range: The range of voltages on the in-
put terminals for which the offset specifications apply.

Input Bias Current: The average of the two input cur-
rents.

Common-Mode Rejection Ratio: The ratio of the input

DEFINITION OF TERMS

voltage range to the peak-to-peak change in input off-
set voltage over this range.

Supply Current: The current required from the power
supply to operate the amplifier with no load and the
output at zero.

Voltage Gain: The ratio of the output voltage swing to
the change in input voitage required to drive the output
from zero to this voltage.

Slew Rate: The internally timited rate of change in out-
put voltage with a large-amplitude step function ap-
plied to the input.
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Fig. 7. Differential input instrumentation amplifier,
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Fig. 8. Circuit for a precision a.c. to d.c. converter.

vides two benefits: it allows the instrumentation amplifier
to be used with high source resistances and still have low
error; and it allows the source resistances to be unbalanced
by over 10,000 ohms with no degradation in common-mode
rejection. The followers drive a balanced differential am-
plifier which provides gain and rejects the common-mode
voltage. The gain is set by the ratio of R4 to R2 and R5 to
R3. With the values shown, the gain for differential signals
is 100.

To obtain good common-mote rejection ratios, it is nec-
essary that the ratio of R4 to R2 match the ratio of R3
to 3. For example, if the resistors had a total mismatch
of 0.19, the common-mode rejection would be 60 dB times
the closed-loop gain, or 100 dB. However, it is possible to
trim any one of the resistors to obtain common-mode
rejection ratios in excess of 100 dB.

By using diodes in the feedback loop of operational am-
plifiers, very accurate a.c.-to-d.c. converters can be made.
The turn-on threshold of the diode is divided by the
open-loop gain of the amplifier, allowing linear rectification
of even millivolt signals.

Fig. 8 shows a wide-band a.c.-to-d.c. converter. The in-
put signal is applied through R1 to the summing node
of an inverting operational amplifier. When the signal is
negative, D1 is forward-biased and develops an output sig-
nal across 2. As with any inverting amplifier, the gain is
R2/R1. When the signal goes positive. D1 1s non-conducting
and there is no output. However, a feedback path through
D2 reduces the negative-output swing to —0.7 V, and pre-
vents the amplifier from saturating. 42 sums the half-wave
rectified signal and the input signal to provide a full-wave
output.

Since the LMI01A is used as an inverting amplifier,
feedforward compensation can be used. This compensation
allows the rectifier to operate at high frequencies with
high accuracy.

Filtering, or averaging, to obtain a pure d.c. output is
done by (2. Tt rolls off the frequency response of 42 to
give an output equal to the average value of the input The
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filter time constant is R7C2, and must be much greater
than the maximum period of the input signal. For the values
given, the time constant is about 2.0 seconds. This converter
has better than 19 conversion accuracy to about 100 kHz
and less than 19 ripple at 20 Hz. The output is calibrated
to read the r.m.s. value of a sine-wave input.

Choosing an Op Amp

Choosing an operational amplifier is not an easy task. In
addition to the newer monolithic devices now available,
there are older amplifiers, such as the 709, plus hybrid and
discrete units to evaluate.

The choice of amplifier naturally depends on the appli-
cation. If the circuit requires low d.c. error, an op amp
with low offset voltage and low input current is necessary.
Most monolithics offer low offset voltage; however, input
current can vary three orders of magnitude among differ-
ent devices. The input current produces a voltage drop
across the source resistance, causing an error. Therefore,
when high source resistance is used, low input current is
even more important., For example, the crror due to a bal-
anced 1-megohm source resistance is about +0 mV for a 709,
while it is only 0.8 mV for a low-input-current device such
as the LMI108. Unbalanced source resistance causes even
higher errors.

Low input current is also useful in photodiode amplifiers.
sample and hold circuits, analog memories, oscillators, and
active filters. Using a device like the LM108, low-frequency
circuits can be designed with reasonable-size capacitors. A
1-Hz oscillator can be bullt using capacitors no larger than
0.01 #F. Even in moderate-impedance circuits, low-input-
current amplifiers simplify design, since the effects of source
resistance can be ignored,

Another important consideration in the choice of an am-
plifier is bandwidth. This is especially important for a.c.
applications. Wide bandwidth lowers the gain error at high
frequencies; however, wide-band response is not an un-
mixed blessing. A fast amplifier is more sensitive to supply
bypassing, stray capacitance, and capacitive loading. More
care must be taken to insure stability with a fast amplifier,
such as the LM110, than with a general-purpose device like
the LMI101A.

For most applications an externally frequency-compen-
sated amplifier is more useful. Because the compensation
capacitor is not included on the IC chip, it can be tailored
to fit the application. When the amplifier is used only at low
frequencies, the compensation capacitor can be increased to
give a greater stability margin. This makes the circuit less
sensitive to capacitive loading, stray capacitances, or im-
proper supply bypassing. With 300-pF compensation, an
LMI101A will tolerate a 10-uF capacitive load without
oscillation.

With closed-loop gains greater than one, the high-fre-
quency performance can be optimized by making the com-
pensation capacitor smaller. If unity-gain 1-MHz compen-
sation is used for an amplifier with a closed-loop gain of ten,
the gain error will exceed 1 percent at frequencies above
1000 Hz. This can be extended to 10 kHz by reducing the
compensation capacitor by a factor of ten. This is the
same response achieved by an amplifier with a 10-MHz
unity-gain bandwidth. In many cases, optimized compensa-
tion allows the use of an inexpensive general-purpose am-
plifier for wide-band applications. Also, there are alternate
compensation networks, such as feedforward compensation,
which can greatly extend the high-frequency response.

The advances made in lowering input currents and extend-
ing the frequency response of monolithic amplifiers make
them significantly more useful in analog circuitry. In many
cases the amplifier is no longer the limiting factor in circuit
performance. Both the performance and low cost make the
IC operational amplifier an attractive device for linear

design. A
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Monolithic Multiphers

By IRWIN R. CARROLL

Supervisor, Technical Communications, Motorola Semiconductor Products Inc.

These IC’s provide outputs that are functions of the products
of two inputs. Used in mathematical manipulations, as well
doubling, phase detection, and modulation.

as for frequency

MULTIPLIER circuit. as the name implies. provides
A an output that is a function of the product of two in-
puts. The methods used to achieve this function are
many, depending on the kinds of inputs to be multiplied
and what the output must be coupled to. One of the earlier
methods used (other than purely mechanical means) was a
servo-driven potentiometer. Rather simple in concept, these
electromechanical multipliers could handle either a.c. or d.c.
signals, but were quite slow and subject to mechanical wear.
Methods of obtaining a purely electronic multiplier in-
cluded a dual-grid vacuum tube. Each grid represented an
input and the resulting plate current, the product. Also.
there are Hall devices and magnetoresistors that have been
used. In the digital-computer field, digital techniques have
been used quite successfully and, for digital inputs and
outputs, will be around for quite some time. However.
when the inputs and outputs must be analog, the use of
analog-to-digital and digital-to-analog circuits add consider-
ably to the already high component
count of a digital approach.
Analog methods of obtaining the

resistance. Since it is relatively easy to match monolithie
differential amplifiers. a significant cost breakthrough was
realized. This new building block, designated the MC1595,
was introduced by Motorola and is shown schematically in
Fig. 1. Tt is known as a four-quadrant multiplier because
the output, or product, has the proper sign for any possible
combination of positive and negative inputs. A comparable
discrete or potted-module multiplier of this type typically
costs around $100 while the monolithic version is less
than $20.

To tully appreciate the potential of a low-cost, accurate
multiplier, it is necessary to consider the number of opera-
tions that are dependent on the product of two variables.
Ohviously there are the arithmetic manipulations of mul-
tiplication, division, squaring, square root, and ratios, but
in terms of applications. the number becomes staggering.
For example, the monitoring of power, brake horsepower.
and fluid flow: the solution of complex, nonlinear equations

Fig. 1. Circuit diagram of the first monolithic multiplier, the MC1595.
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MEAN SQUARE

Fig. 3. Circuit functions possible with the multiplier.

{using analog-computer techniques), and root-mean-square
problems; the generation of trigonometric functions: the
performance of operations such as frequency doubling;
phase detection, modulation, and dynamic gain control, are
Just a few of the possibilities.

In its present form, the monolithic multiplier is a very
basic circuit and as such las maximum versatility. This
basic nature also has disadvantages in that external com-
ponents must be added in greater number than would be
required for a more specialized circuit. Also, a clear under-
standing of the circuit itself is necessary to utilize it fully
and efficiently.

Opér.ation of Circuit

A complete mathematical treatment of the operation of
the multiplier is much too lengthy to be presented here.
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However, the basic concepts will be
presented in order to demonstrate
its use.

The basic equivalent circuit of the
MC1595 is shown in Fig. 2. The main
amplifier is a dual-differential ampli-
fier with eross-coupled collectors (3,
Q6, @7, (8) , whose output can be ex-
pressed as: V, = KV, I;. This equa-
tion contains two variables, ¥, and
I, and if cach of these variables can
be controlled independently and lin-
early, linear multiplication will result.

Note that Ig, the emitter currents
to the dual-differential amplifier are
the same as the collector currents of
@3 and Q1. These, in turn, arve linear
functions of the input voltage, V, be-
cause the output current of a differen-
tial amplifier operating with a
constant-current source is a direct
function of its differential input volt-
age. Therefore. the output voltage of
the dual-differential amplifier is linear-
ly related to its own emitter current,
the I,; component of the equation. Nor-
mally, the output current of an ampli-
fier has an exponential relationship
to its imput (base-emitter) vollage.
If the voltage (A¢) applied to the base
terminals of the main amplifier were a
linear function of the signal voltage,
V., the output current would be an
exponential function of same.

To eliminate this nonlinearity, the
V', signal 1s preconditioned before be-
ing applied to the main amplifier. This
is done by passing the current resulting
from the V', signal through diodes D1
and D2. As the linear current passes
these special diodes, the voltage devel-
oped across them is logarithmic—a
nonhnearity that is the exact comple-
ment of the nonlinearity produced in
the amplifier transistors. As a result,
the output current of the amplifier, in
response to its base voltage, i1s also
linear.

For the model shown in Fig. 2, the K
or constant component is determined
by: K=2R;/R,R;I3 which repre-
sents the gain of the over-all circuit.
In the final circuit, the resistances are
external parts so that the gain can be
casily adjusted to meet a specific
requirement.

The output voltage, V,, is V times V; times a factor K
which represents the gain of the circuit, or the “scaling fac-
tor.” The scaling factor is a constant that is under the con-
trol of the user. Obviously, since the output voltage is the
product of the input voltages, a circuit gain of unity or
greater would result in very large output voltages, unless
the inputs were quite small. Because of this. the desired gain
must be calculated by the user, and is dependent on the
magnitude of the input voltage anticipated in a particular
application.

Circuit Applications

Fig. 8 shows several examples of the types of circuits that
are possible using the multiplier in conjunction with opera-
tional amplifiers.

So far, emphasis has been on d.c. operation of the multi-
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mputs? Fig. 4 illustrates a basic although not obvious use
of the multiplier—{requency doubling. When a signal (in
this case less than 5 volts peak-to-peak) is coupled to both
the X and Y chaunel inputs. the output is the doubled fre-
quency plus a d.c. offset.

The best way to understand what is happening is to ex-
press the sine-wave signal in terms of cosines of the frequen-
ey in radians: ¢, = I cosat. In this case, the e, input is the
same frequency so the output: ¢, = K (F cosot) (Ecosef)
=K E? cos’ot. From trigonometric identities: cos?ot =
Y% (1 4 cos 20t). hence, ¢, = (KE2*/2) (1 + cos 20t),
the doubled frequency. In the example shown, the output is
apacitively coupled so that the d.c. term is blocked.

By using this same principle and applying differing fre-

quencies, a carrier and a modulating frequency, to the two

inputs, double-sideband, suppressed-carrier. balanced mod-
ulation results. By adding an external pot which adjusts the
d.c. voltage applied to the input to which the modulating
signal is applied. the output of the circuit is a conventional
double-sideband AM-modulated waveform. If a single-side-
band signal is injected into one input and the carrier fre-
quency into the other, and if the output is applied to a
low-pass filter, demodulation oceurs.

Although the MC1595 performs the preceding functions
quite well, it has only a 3-MHz bandwidth (3 dB). A mod-
ification of the basic multiplier circuit. however, can greatly
extend this range. In Fig. 5, the schematic shown is of the
MC1596, a multiplier designed for high-frequency operation.
When compared to the MC1595 schematie, il hecomes read-
ily apparent that the Y-chaunel preconditioning has been
removed.

The MC1596 is a lower cost unit,
less than $8.00, and has a bandwidth of
300 MIIz. Fig. 6 illustrates this device
being used as an SSB demodulator
(product detector) . The carrier signal .

4 1A OVccs +15V
ECos wt
(<5V P-P}
9 .3k
MCI595 2w
Y 2
OFFSET 8 3.3kg
ADJUST ] | 2
( o E
XO—I12 14 ey ——Cos 2wl
3 7 13 1 °~720
[
s.akf;
b3 lyF
=

=SV
Fig. 4. Using multiplier for frequency-doubling operation.

tions, this ix a factor to consider. Wheu a.c. operation is the
only consideration. capacitive coupling provides the d.c.
blocking.

The versatility of the MC1595 has a trade-off in that it
requires external circuitry. This was in no way a mistake
in design but very intentional. There have been complaints
that it requires too much circuitry or that adjustment is
tedious. This multiplier is. unquestionably only the first of
a family. Future members will be more specialized and
easier to use. But, they will sacrifice versatility in that they
can not be as easily tailored to designs removed from their
primary intended application. The MC1595, because it isn’t
tied to such an objective, is probably as versatile a unit as
will ever be developed in this category and, like the 709 type
op amp. will probably be around for a good many years. A

Y
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of sufficient amplitude for switching weur Lo
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m the same manner. This simplified
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ply both inputs since amplitude infor- hou
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mput side. Fig

The selection of either the high- or
low-frequeney multiplier is dependent,
of course. on the nature of the intend-
ed application. It is interesting to note
that the bandwidth specification of

O . R CARRIER
mullipliers can be given in different

INPUT @

F

. 5. Circuit of the wide-band monolithic multiplier.

. 6. Wide-band multiplier used as $$B demodulator.

Tk +8 Vde

ways. For example. the 3-dB band-
width of the MC1595, as mentioned
carlier is typically 3 MHz. Another
specification for bandwidth is based on SIGNAL

300 mV{rms)

SSB

MC1596 DEMODULATED

AF OUTPUT

the relative phase shift between 17 INPUT @—]€
and V. For a 3° relative phase shift, tuf
bandwidth is 750 kHz and for a 19
absolute error due to input-output
phase shift, the bandwidth is 30 kHz.
If the multiplier is to be used with
an X-Y plotter, it should be remem-
bered that some plotters already con-
tain a level-shifting circuit that rejects
the d.c. offset voltage, greatly simpli-
fying design. In all other d.c. applica-
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microcircuit engineering and small-quantity produc-
tion. He graduated from "Technische Hollschule'’ in
Karlsruhe, W. Germany. He is a charter member of
the International Society for Hybrid Microelectronics.

Hybrid Integrated Circuits

By DIETRICH P. WUERTH / Manager, Hybrid Microcircuit Engineering

Sprague Electric Co.

Combining tiny discrete components, IC’s, and elements made by
thin- and thick-film techniques—all in single integrated-circuit
package—provides unique characteristics and many advantages.

hybrid integrated circuit is defined as one combining
thin- or thick-film IC’s with monolithic IC’s and
discrete elements, all within a single package. The
objective of the hybrid IC designer is to interconnect. for a
particular application. the most suitable types of passive
micro networks, active micro elements. and discrete com-
ponents, and to package these elements with teclmical and
marketing aspects in mind.
During the course of miniaturization of electronic systems,

This hybrid integrated circuit consists of individual IC’s, transistor
and diode dice, all eutectically bonded to a thick-film resistor net-
work. Interconnections from the microcircuit elements to conductors
on the alumina substrate are made by thermocompression bonding.
Unit is then epoxy transfer molded. This is a quad line driver.
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many types of microcircuit elements were developed as well
as interconnection techniques and packaging methods.

Microcircuit Elements

Thin-Film Resistor Networks: In thin-film technology,
the materials are deposited by various techniques on either
silicon, glass. or glazed-alumina substrates. Adjustment
of the very accurate resistors is achieved by wet anodiza-
tion, scribing, or laser-beam cutting. depending on the ma-
terial used. The range of thin-filin re-
sistor material i1s Himited by the sheet
resistivity of approximately 200 ohms
per square,

Thick-Film Resistor Networks: In
thick-film technology. the material is
deposited by screening or printing
techniques on alumina substrates. Ad-
justing the resistors is taken care of by
sand blasting. scribing. or laser-beam
cutting. The range of thick-film resis-
tor materials 1s very wide. from 10
ohms per square to 10 megolhms per
square.

Capacitors: Capacitors can be pro-
duced by thin-film or thick-film tech-
niques: however the values achievable
are limited. Most commonly used are
multilayer ceramic and tantalum ca-
pacitors. Multilayer ceramic capaci-
tors are available in reasonable sizes
(0.1 x 0.1 inch*) in NPO characteris-
tic up to 1000 pI¥ and in K1200 char-
acteristic up to 50,000 pF.
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is undesirable and restricted by their size and temperature
environment. A tantalum capacitor, rated at temperatures
from —55° C to 125° C, designed into a hybrid microelec-
tronic package with a requested temperature rating from
—55° C to +100° C is only acceptable if the temperature
rise inside the hybrid package does not exceed +25° C.

Semiconductors: Generally, semiconductors are applied
to hybrid microcireuits either in die form, or in micro pack-
age form. Semiconductors in die form allow greater density
and better heat-transfer characteristics in the hybrid pack-
age but are more difficult to manufacture than semiconduc-
tors in micro packages.

Monolithic I1C’s: Many times monolithic integrated cir-
cuits are used in hybrid microcircuits to obtain more com-
plex or more accurate functional eircuits. Hybrid microcir-
cuits may therefore be considered complementary rather
than competitive with monolithic integrated circuits.

Interconnection Techniques

Solder Reflow: Both thick-film and thim-film networks
may be produced to be compatible with solder-reflow assem-
bly techniques. To avoid delamination of pad areas. con-
trolled assembly techniques are necessary: and to avoid “pad
lifting,” the thermal expansion factors of the materials in-
terconnected have to be matched. Thermal eycling or ther-
nmal shock degrades the adhesion of the pad-substrate
mterface.

Capital investment for this technique is low: liowever. the
cost of the microcireuit elements used is high. For low-quan-
tity production, this technique has economic advantages.

Chip and Wire: Eutectic die bonding in hybrid-microcir-
cuit assembly causes many problems, especially with the
increased number of die attachments in more and more com-
plex ctreuits. The time in which semiconductors are exposed
to temperatures above +00° C exceeds the limit where good
conductivity of the eutectic formation can be guaranteed.
A badly connected die is usually the start of other problems;
the heat transfer from the heat column to package bottom
to eutectic to semiconductor becomes poor and inconsistent.
Later in the process, this can cause problems in the thermo-
compression wire-bonding process. Units with auch inherent
problems will usually exceed the Vi (i) requirements.
A solution to this problem is to use an infrared local Leat
sensor on the die-bonding equipment controlling the time
during which the die is exposed to high temperature.

In general, semiconductors are manufactured with alumi-
num pad areas. Using gold wire and thermo-compression
bonding can result in many problems such as unreliable
bonds in the intermetallic interface. while using aluminum

In this hybrid IC, thin-film resistor chips, transistor and
diode dice are bonded to gold-plated Kovar lead frame. In-
terconnections are made by thermocompression-bonded
gold wires. Unit, a dual driver, is later transfer molded.

and ultrasonic bonding causes problems since the die-geom-
etry on semiconductors is generally not large enough.

Advanced Interconnection: The objective in advanced in-
terconnection techniques is to intercounect micioelectronic
clements reliubly on a large-scale basis. Two major tech-
niques were developed: point-to-point interconnection using
wires and direct point-to-point interconnection.

The first method is represented by such techniques as
“beam lead interconnection,” “spider bonding,” and some
other proprietary techniques. The second method is repre-
sented by “flip chip bonding.” and “ductile pad bonding.”
Which of the techniques is more reliable and economical
has not yet been established. Both are applicable to inte-
grated circuits, semiconductors, thin-film resistor networks,
and to capacitors.

Packaging Techniques

Microcircuit elements and interconnection techniques are
normally given adequate attention by the designer. Pack-
aging techniques. however, seem to be neglected. For exam-
ple. yield factors reported for seals on a ceramic flat package
are very low (10-309) . Of the standard packages available,
TO-5 and TO-8 packages in multi-lead configurations seem
to be the most successful (809, yield).

Reliable packaging results when the following procedures
are employed:

1. Use of materials in which thermal expansion factors
are matched.

2. Use of materials which can stand temperatures applied
in the assembly process.

3. Use of reliable sealing methods.

+. Use of materials of good thermal conductivity. A

CORE-MEMORY SENSE AMPLIFIERS

By RICHARD F. BRUNNER / Senior Applications Engineer, Motorola Semiconductor Products Inc.

More specialized than comparators, this circuit can sense binary state
of magnetic memories and convert these signals to system logic levels.

IC core-memory sense amplifiers, used as interface cir-
cuitry between memory and logic elements of a com-
puter (Fig. 1), are designed to sense the low-leve! bipolar
voltages produced by magnetic memories, determine their
logic levels (“0"" or “1'), and then provide an output
which is compatible with the logic family being used.
Typically, a core-memory sense amplifier consists of a
linear amplifier, rectifier, a threshold detector, and logic
gate with strobe (Fig. 2).

A brief description of how a core-memory system func-

July, 1970

tions should be helpful in getting an over-all view of what
is required of a sense amplifier and how it functions.
Data is written into a core by coincident current pulses
on X, Y, and sense-inhibit lines. The magnitude and di-
rection of these pulses is such that after the pulses have
been applied, the cores have a remanent flux density of
+B or —B (typically, +B is defined as logical ‘‘0"" and
—B as logical **1""). A memory cycle starts with all cores
at ""0.”" These cores that have coincident X and ¥ drive
currents are switched to ‘‘1,”" whereas those receiving
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coincident X, Y, an inhibit current remain at “0. To
read the memory, all cores in a particular word are pulsed
in the *‘0'" direction, that is, the currents in the X and Y
lines are reverséd. The cores storing a *‘1"" switch to ‘0"
and induce a signal on the sense-inhibit line. Those cores
storing a ‘0"’ also induce a signal on the sense line, but
since this corresponds to the relatively small change in
flux density from +B to +Bg (saturation), the 0" sig-
nals are much smaller than the ‘1" signals.

The voltage pulses of the core output signals may be
either positive or negative. Bipolar signals are generated
because the sense winding goes through half the cores
in one direction and the remaining cores in the other
direction.

Two differential amplifiers are used as the input stage
of the sense amplifier to provide the gain necessary to
make the low magnitude (O to 50-mV range) core output
signals compatible with the logic families being used
(DTL or TTL). The differential voltage gain of the ampli-
fier is given by the equation: A, 4y = Ry /(r. + R.) where
R;, is the load resistance, r, is the emitter diffusion resis-
tance, and R, is the emitter degeneration resistance.
Since the gain is a function of resistor ratios, rather than
absolute values, fairly constant gain results. (A gain of
100 is sufficient for this type of sense amplifier.)

In addition to gain, wide bandwidth is essential for the
faithful reproduction of the high-speed pulses generated
on the sense windings. Consequently, emitter-follower
buffering is used between amplifier stages to enhance the
frequency response. Buffering reduces Miller capacitance
effect which, in turn, widens the bandwidth.

During any read and write cycle
both noise and core output signalis
(**1” or “*0") are generated on the
sense windings by the fast switching

As shown in Fig. 2, there is an ‘‘uncertainty’’ region
associated with the threshold in which the output state
of the sense amplifier is undetermined. This region des-
ignates the maximum variation in threshold, and any
amplified signal in this region can produce either a ‘1"
or “‘0" output. The variation in threshold is mainly due to
process variables,~input offset of the differential ampli-
fier stages, temperature, and power-supply changes.

Since the voltage difference between a ‘‘1’" and a “‘0"”
is small, it is important that the uncertainty region be
held to a minimum. This is accomplished by the differen-
tial amplifier which characteristically maintains excellent
balance between the amplifier inputs. By keeping the in-
put offset to a minimum, the transistor pair of the dif-
ferential amplifier stays well matched over temperature
and power-supply variations.

The string of diodes (Fig. .2) serve to offset or cancel
the diode and transistor junction voltage variation over
temperature in the logic gate and threshold detector.

The final stage of the sense amplifier is a standard
diode-transistor-logic (DTL) gate. The strobe enables the
gate only when the desired signals are present at the
amplifier input. This action prevents the gate from being
falsely triggered during the time there is noise present on
the sense amplifier. Note that the output is in the high
state when the strobe input is grounded. With the strobe
held high (=2.4 volts d.c.) the output will go low (=0.4
volt) if the signal at point A exceeds the 1.4-volt d.c.
threshold of the DTL gate. If the signal at point A does
not exceed the 1.4-volt threshold, then the DTL gate wili
remain in the high state. A

TO CONTROL AND
ARITHMETIC UNITS

SENSE
WINDINGS

A £4
pulses being sent down the cores’ X-
and Y-word lines. However, since the  X-LINE»-
noise signals are common to both COR
ends of the sense windings, the com-
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mon-mode rejection characteristic of CORE
the differential amplifier serves to e

attenuate these signals. Consequent-

Fig. 1. The IC core-memory sense amplifiers are used as interface cir-

ly’ only the difference sngnals ("0’s cuitry between the core memory and the logic elements of a computer.

and ‘‘1's"") generated on the sense
windings are amplified.

Once the input signals have been
amplified to a sufficient level, they |
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the correct polarity to interface with ! R howe—e 4
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Fig. 2. Simplified schematic of core-memory sense amplifier circuit.
Some of the typical signals present at each of its stages are included.
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nals that do not exceed the threshold
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determined by the d.c. voltage at
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ing to the voltage applied to the
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SEVERE electrical storm  had  Dbrought activity at

Mac’s Service Shop to a standstill. It was a shop rule
never to work at the bench while a thunderstorm was in
progress. Matilda, a notorious coward when it was storni-
ing, was perched nervously on a stool in the wenter of the
service area; Mac sat swinging his legs on the service
bench; Barney stood in the rear door looking out at the
rain splattering down on the steaming asphalt of the park-
ing lot.

“Mac,” Barney said, “do you go along with all this sud-
den concern about pollution?”

“If youre asking if 1 like breathing clear air, drinking
clean water, and hoping to live a normal healthy life span.
the answer is an emphatic ‘ves.” the shop owner replied.

“I'm inclined to go along with vou,” Barney said. “The
anatomy and biology courses 1 took last winter at the ex-
tension center made me keenly aware of the seusitivity of
the lnman organism to its environment; and lately T've
been soaking up a lot of information from books. maga-
zines, newspapers, and TV on the rising danger of pollu-
tion. I've just about reached the conclusion that (a) either
a great many smart scientists are wrong, or {b) the human
race has got itself and all living things into considerable
trouble.”

“I'm afraid the ecologists aren’t wrong,” Mac answered.
“Theirs is a new science—only 70 vears old—and by its
very nature it must deal in generalities and avoid the nar-
row  specialization we usually associate with a science;
but very few other scientists are challenging the ccologists’
dire predictions that inclnde:

1. In the next ten vears many citv people will have to
wear gas masks to survive,

2. In the early 1980’s air pollution teamed up with «
temperature inversion will kill thousands in some U. S.
c¢ity, and within that same decade a major ecological sys-
tem—soil or water—will break down somewhere in this
country and new diseases that humans cannot resist will
reach plague proportions.

3. Residual DDT accumulating in human livers will in-
crease liver cancer and make the use of some common
drugs dangerous.

4. Rising noise levels will cause more heart disease and
hearing loss.”

“How did we ever get things in such a mess?” Matilda
asked petulantly, removing her hands from her ears long
cnough to hear the answer above the echoing growl of the
thunder.

“It wasn’t hard,” Barmey assured her. “All we had to do
was keep trying to push up the GNP and ignore everv-
thing else; to subscribe to the philosophy that “What's good
lor General Motors is good for the country’s to grow im-
patient with nature’s calm, deliberate, and often inscrutable
wayv of doing things and try to speed up, selectively, some
of her processes and to destroy other things of hLers for
which we, in our blindness, could see no immediate use;
to insist on trving to fit an infinitely expanding population,
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" ELECTRONICS—
The White Knight?

Electronics may provide solution to most serious
problem of the decade: how to reverse pollution.

s, John Frye

from which the natural brakes of predators and disease
have been greatly loosened, into a finite world; and, above
all. to remain woefully ignorant of how an ecological sys-
tem really works.”

“So how does it work?” Matilda wanted to know.

A Delicately Balanced System

“Every ecosvslem has four basic elements,” Barney lec-
tured. “First. there are inorganic substances such as gases,
minerals. and  compounds. Second, there are ‘producer
plants” that convert these substances into food. Third, there
are animal consunmers which use this food. Fourth and
finallv, there are ‘decomposers.” bucteria and fungi. which
turn dead protoplasm into usable substances for the pro-
ducers. Green plants play a kev role in this cycle, for only
they can harness the sun’s energy and combine it with
clements from air, water, and rocks into living tissue, the
vegetation that sustains animals, which in tum add their
wastes and corpses to natural decay. Nature’s efficient reuse
of decav builds up productive topsoil in which to grow
producer plants, but it takes 500 years to create one inch
of good topsoil.

“This whole cvele is a delicately balanced thing. It was
started at least 400 million vears ago when some primeval
accident cansed plant life o enrich the atmosphere to about
20% oxvgen plus nitrogen, argon. carbon dioxide. water
vapor, and a few other trace ingredients, that constitute
an ideal mixture for sustaining lite as we know it here on
carth. Plants, animals. and bacteria nsed and reused the
gases at equal rates so the life-giving mixture was pre-
served. Seventy percent of the eartl’s oxvgen was, and still
is, produced by ocean phvtoplankton. The entire system
modified temperatures, curbed floods. and set the stage
for man’s arrival some 5.000.000 vears ago.

Man, the Polluter

“For a few million vears he lived at peace with the svs-
tem. but with the advent of the industrial revolution he be-
gan to tinker with it. In the ensuing vears he has managed
Lo injure every unit of this life-sustaining cyele. He chopped
down the trees, plowed under the grass and plants, and
paved over the top of them. Ile polluted the air with count-
less millions of tons of smoke and fumes and noxious gases.
His concentrated excreta and waste products of his factories
poisoned the streams and lakes until many of them can no
longer sustain any but the most primitive slimy forms of
life—and some ecologists are beginning to fear for the
occuns themselves. Ile has used his chemical fertilizers and
his herbicides and his insecticides to upset the balance of
nature at every turn. He has polluted the biosphere far
bevond its ability to cleanse itself under conditions of con-
tinuing pollution. In short, mankind has fouled his own
nest.”

“You two are beginning to give me the creeps,” Matilda
complained. “What can we do about it?”

“Remember that old TV commercial for a washing prod-
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S e Installa .
~“JUDSON~
ELECTRONIC MAGNETO

It offers the combined advantages of
both the standard transistorized and
capacitive discharge systems in one
simplified patented circuit. Provides
better performance, a smoother run-
ning engine and keeps your car in
tune. Installed in twenty minutes.

Write Today for Literature

RESEARCH & MFG. CO,
CONSHOHOCKEM, PA. 19428

CIRCLE NO. 133 ON READER SERVICE CARD

Build this pipelike

Schober Recital Organ
Ay foronly

"*1850!

*Includes

finished wainut
console, (Only
$1446 if you build
your own console.)
Amplifier, speaker
system, optional
accessories extra.

You couldn't touch an organ like this in a store for
less than $4,000—and there never has been an elec.
tronic instrument with this vast variety of genuine
pipe-organ voices that you can add to and change
any time you like! {f you've dreamed of the sound
of a large pipe organ in-your own home, if you're
looking for an organ for your church, you'll be more
thrilled and happy with a Schober Recital Organ than
you could possibly imagine — kit or no kit. )

You can learn to play it —and a full-size, full-facil-
ity instrument is easier to learn on than any cut-down
‘‘home" model, And you can build it, from Schober
Kits, world famous for ease of assembly without the
slightest knowledge of electronics or music, for de.
sign and parts quality from the ground up, and—
above all—for the highest praise from musicians
everywhere.

Send right now for the full-color Schober catalog,
containing specifications of all five Schober Organ
models, beginning at $499.50. No charge, no obliga-
toion. I'f you like music, you owe yourself a Schober

rgan!

The (%A,omm'gan Corp., Dept. RN-79

43 West 61st Street, New York, N.Y, 10023

[0 Please send me Schober Organ Catalog and
free 7-inch *‘sample’ record.

[J Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.
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STATE ZIP
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uct in which a white knight went charg-
ing about touching dirty garments with
his lance and transforming them into
gleaming white?” Mac asked. “Well, I
picture electronics as a White Knight.
If we are to work our way out of our
very serious predicament, much of
the job will be done by electronics. In
a way, this is only right; electronics
and electricity have contributed their
,share of pollution. Power-producing
| plants are major air polluters. So are
! gasoline-powered automobiles that de-
pend on an electric spark for ignition.
Electro-chemical factories almost always
appear on a list of water polluters. We
know what hi-fi, the transistor radio,
p-a. systems, and amplified musical in-
struments have done to pollute nature’s
silence,” Mac said, sliding off the
bench and striking a spraddle-legged
pose and twanging an imaginary guitar.

“Quit it!” Matilda giggled. “I plead
guilty, your honor, on behalf of elec-
| tronics. What can my client do to make
| restitution?”

“First, let me mention the obvious
ways: electronic precipitators are chief-
ly responsible for cutting down on the
fly-ash and other materials otherwise
belched out of factory and power-plant
chimneys. Many believe the electric
car is the ultimate answer to pollution
from the internal combustion engine.
Pollution - sensing - telemetry - relaying
equipment located along the Danks and
the tributaries constantly monitor the
| Ohio River. Satellites send down an
| endless stream of reports electronically
| concerning the condition of crops and
| forests and the oceans.

“But electronics can and must do
' much more, especially in the fields of
' measuring and monitoring pollution—
which must precede any attempt to
control it. Mayor Lugar of Indianapolis
recently said if his city wanted to make
water returned from sewage disposal
plants 99% pure instead of the present
91%, they would not know where to
buy the equipment. He was pointing
| out the need for basic research, for the
setting up of standards, and for the
manufacturing of hardware to control
pollution.”

“And for those people who refuse to
work at anything—even saving their
own lives and those of their children—
except for money,” Barney said,
)“there’s plenty of that involved in the
| anti-pollution business. It’s estimated

that in the next five years it will take
$30 billion dollars to halt pollution of
the nation’s waterways and another $60
billion to clean up the air. Politicians
I'have gotten the word. As Senator Ed-
I mund S. Muskie puts it: ‘In the past
 we have had to fight against all kinds
| of political pressure, public apathy, and
| ignorance. Now the wind is blowing at
jour back.” The Water Pollution Ad-
| ministration is already moving ahead

www americanradiohistorv com

with a $48-milhon nationwide electron-
ic instrument system that will monitor
the water quality and pollution of al-
most all interstate streams and river
and many coastal waterways.”

“But what we still desperately need
to avoid squandering money uselessly,”
Mac pointed out, “is more knowledge
about the interaction of various units
of our ecosystems. Take a single ex-
ample: destroying the seemingly use-
less hippopotamuses in South Africa
caused schistosomiasis to increase un-
til this debilitating disease is as bad in
many localities as malaria was 50 years
ago. Hippos kept the river silt stirred
up and moving as they bathed and
bull-dozed natural irrigation channels
out to the bank by their single-file
movements. Without this, the rivers
silted up, flooded over adjacent land,
and caused a proliferation of schistoso-
miasis-carrying water snails.”

“We're making a start on acquiring
that kind of knowledge,” Barney of-
fered. “George Van Dyne and 80 other
scientists are trailing every imaginable
creature on the Western prairie to dis-
cover how a grasslands ecosystem re-
sponds to various stresses. The data
will be used for a computer-modeling
scheme. Ideally, the entire environ-
ment should be subjected to computer
analysis and systems control. Then, be-
fore we drained a marsh for a new
housing development, built a power
dam that flooded millions of acres and
placed added strain on the earth’s
crust, wiped out an insect or rodent
population, or dumped radioactive
material into the ocean, we could ask
the computer what would be the im-
mediate and far-reaching effect on our
environment—and by ‘our environ-
ment,” I mean that of the whole
world.”

“Sounds to me as though our strug-
gle against pollution may be the final
solution to war—one way or the other,”
Matilda suggested. “Either we fight to-
gether for the survival of humanity or
else we die together in our common
pollution.”

“Now who’s crepe-hanging?” Barney
teased; “but you’re right. If conditions
are as serious as ecologists warn, the
hero of this decade may well be the
cartooned little bespectacled, pith-hel-
meted zoologist with his butterfly net
instead of the glamorous space-suited
astronaut and his towering rocket. I
believe a young man interested in elec-
tronics can do no better than to enter
the anti-pollution branch of this tre-
mendous field and dedicate his lance
to the service of Mac’s White Knight.
This is true no matter if it is money,
a wish for interesting and vital work,
or a desire to serve humanity that
motivates the young man. That’s where
the action is going to be the next cou-
ple of decades at least.” A

ELECTRONICS WORLD
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C.E.T. Test, Section #6
TV Alignment

By DICK GLASS*
What is your electronics servicing 1.Q.?

You must get 75% on entire exam to pass.
This is the sixth in a series of 12 test sections to be published monthly. While these
test exam sections are not part of the actual NEA C.E.T. examinations presently be-
ing administered, they are similar in nature. Should you find you are able to correctly
answer 759 or better, you might be a candidate to become a registered CET. You
can take the exam in your area but you must show 4 years of experience to qualify.

(Answers will appear next month.)
Answers to last month’s quiz appear on page 81

A television response curve can be plotted with a conventional AM generator
and v.t.v.m.

(a) only if a scope is also used

(b) only if a marker generator is used

(c) only if a sweep generator is also used

(d) only

Which of the following indications would usually not signify possible misalign-
ment of a color-TV i.f. section?
(a) weak color
(b) blurred color

(¢) color displayed to right of B&W image
(d) color out of lock

. When aligning most color-TV receiver video i.f. circuits, the sound carrier would

normally be placed:
(a) as near 1009 as possible on the sweep waveform
(b) at the 509% point on the slope
(c) near the baseline on the sweep waveform
(d) sound carrier has no relationship in the sweep waveform

. In a 40-MHz i.f. section, 47.25 MHz might refer to:

(c) color subcarrier frequency
(d) the adjacent sound frequency

(a) the video carrier frequency
(b) the sound carrier frequency

. Identifying various frequency points on the video sweep waveform usually is done

by using a:
(a) sweep generator
(b) triggered scope

(c) marker generator
(d) dot generator

. The color-TV bandpass amplifier is expected to pass what frequencies?

(a) 3.08-4.08 MHz
(b) 3.25-4.25 MHz

(c) 3.58-4.13 MHz
(d) 3.03-3.58 MHz

. An a.g.c. substitution box, used in alignment, usually:

(a) has a high impedance
(b) has a low impedance
(c) must not interfere with the set’'s developed a.g.c.
(d) must not ““swamp out'’ the set’s developed a.g.c.

. The video detector load resistor:

is a good place to connect scope to view sweep waveform

normally will be 100k-ohms or greater in value

might be expected to develop a peak-to-peak video waveform from 25 to 50
volts across it

(a)
(b)
(c)

(d) is not a good place to connect a scope
9. Many TV technicians align sound circuits in modern TV receivers using only the
station signal and the tech’s ear.
(a) this is OK
(b) a sweep generator and scope must also be used
(c) an FM generator and scope must also be used
(d) a sweep generator, marker, and scope must also be used
10. The sweep generator is usually connected during sweep alignment of the video
i.f.’s at:
(a) the antenna terminals (c) the i.f. link
(b) the mixer grid (or base) (d) first i.f. grid or base input
*Executive V.P., NEA, 12 South New Jersey St., Indianapolis, Ind. 46204,
assisted by Lew Edwards, chairman of Test Make-up Subcomm.
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak.-
ers, Changers, Tubes, Tools, Stereo Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credit plon available.

NAME
ADDRESS

CITY __

GIVE ZIP CODE

1f you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

0LSON ELECTRONICS

Dept. EG, 260 S. Forge Street, Akron, Ohio 44308

STATE

WAVE FORM ANALYSIS

& PEAK FM MODULATION

all for LESS MONEY!

The Lampkin 205A FM Modulation Meter
accurately indicates PEAK modulation on

mobile transmitters. To shoot trouble
visually, use your own general-purpese
oscilloscope at the 205A rear jack out-
put. This makes a low-cost, highly effec-
tive test combo — and a well-rounded
shop — all for less money.

Lampkin pioneered the PEAK voltmeter
for FM modulation indication.

Like to see the complete specs? Mail
coupon today!

Use this coupon for FREE booklet ‘‘How
To Moke Money in Mobile-Radie Main-
tenance’” and information on Lampkin
meters.

Name_ a2
Address St = -
City _State Zip__

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505
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true no.es
in seconds.

A Greenlee chassis punch is the
quickest way yet to cut round,
square, key, D, or double-D holes in
16-gauge metal, hard rubber,
plastics, epoxy, etc. Available at
radio and electronics parts dealers.
Or write for Catalog E-730 to:
Greenlee Tool Co, 1764 Columbia
Ave., Rockford, Ill. 61101.

GREENLEE TOOL CO

EX.CELL-O CORPORATION
CIRCLE NO. 117 ON READER SERVICE CARD

Enjoy Relaxing Background
Music at Home with . . .
NO COMMERCIALS!

Our SCA-1 Decader makes passible receptian of
this “private’” musical pragramming, transmitted |
by nearly 400 FM stations around the country.
YOUR FM tuner or receiver can recover this
““hidden’’ music with the simple addition af an
SCA-1. I
Hook-up in minutes—full instructions supplied.
SCA-1 is self-pawered . . . uses all solid-state
circuitry (FET's, 1C’s, NPN’s). Works with ony
quality FM Tuner or receiver.
Send check or m.o. for either . . .
SCA-1 (Wired, ready to use)..........
SCA-1K (Kit, all needed parts)..
Etched, drilled P.C. Board plus spo:lal
IC and full construction plans......$12.50
N.Y. State Residents Add Appropriate Sales Tax

One year parts guarantee
Prohibited for commercial use

FREE Notionol $.C.A. station list
supplied with every order.
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SCA Services Co., Inc.

Box 601 EW, Port Washington, N.Y. 11050
(516) 883-3694
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Product Report

Leader Model LBO-501 Oscilloscope

For copy of manufacturer’s brochure, (,uclc No. 3 on Reader Service Card.

HE new Leader Instruments LBO-

501 triggered-sweep oscilloscope
provides capabilities usually associated
with far more sophisticated and more
expensive instruments.  This  hybrid
(tube and transistor) 3-inch scope can
be used to measure d.c. voltages and can
handle signals up to 10 MHz. It can
measure rise time, pulse width, and de-
cay times of pulses using the calibrated
triggered sweep.

There are two modes of sweep opera-
tion, “Normal” (triggered) and “Auto-
matic” (frec-running). In the triggered
operation, there is a choice of the point
on the slope of the waveform at which
the sweep is initiated so that any portion
of the waveform can be displayed readi-

. The triggered-sweep range is from
().2 us/cm to over 0.2 second,/em, and
vertical sensitivity is 20 mV (p-p) /em.

The input circuit consists of a 9-posi-
tion compensated and calibrated attenu-
ator that permits accurate display of a
wide range of incoming signals. The
low-capacitunce input probe, which is
sold separately, is a newly styled retract-
ing hook type that is fully insulated all
the way to the tip.

Although triggered-sweep scopes are
widely used in laboratories and in indus-
try. they have not been emploved by the
TV servicing industry because of their
high cost. This imported instrument,
priced at $340, is somcwhat more com-
petitively priced than most other trig-
gered-sweep scopes, so that it should be
in the running not only for industrial
uses but also for servicing applications.

The difference between u triggered
scope and a more conventional free-
running instrument is that the former
has a one-shot sweep circuit. The elec-
tron beam remains blanked out and in
a stationary position until the sweep is
triggered on by an input waveform or
pulse. When turned on, the beam sweeps
across the CRT displayving the incoming
waveform and then returns to rest. Each
succeeding pulse or cvele causes the
sweep to be produced and the beam to
travel across the CRT screen. The trig-
gered sweep feature makes it possible to
observe non-repetitive transients and to
synchronize on either the high-frequen-
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Block diagram of Model LBO-501 oscilloscope.
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ev or loW-ITequency components of
complex waveform. The horizontal de-
flection is calibrated in time, making it
possible to measure the duration or fre-
quency (reciprocal of time) of wave-
forms or pulses. The vertical amplifier
is calibrated in volts per centimeter
making precise amplitude measurements

possible. A

RCA Model WV-510A
Electronic V. O. M.

For copu of manufacturer’s brochure,
circle No. 4 on Reader Service Card.

HE successor to the old v.t.v.m., but

with its circuits now transistorized,
is still alive and kicking in spite of
the introduction of digital instruments.
Widelv used in servicing, as well as in
industrial and laboratory applications,
the analog meter doesn’t have the ac-
curacy of the digital meter (this one is
=3 percent of full-scale). But there are

quite a few of us who can accurately
read the position of a moving pointer
over a scale, especially if it is mirrored.
Most important, price of the analog
meter is much lower than a digital in-
strument and its design lends itself to
battery operation and portability quite
readily.

The latest RCA “Master VoltOhmyst”
is the Model WV-510A. This portable
electronic v.o.m. operates either from
internal batteries or from the a.c. power
line. It can readily be used on the service
bench, in the home, or on the laboratory
bench.

The meter measures d.c. and a.c.
voltages up to 1500 V, direct current up
to 1.5 A, peak-to-peak voltage of com-
plex waveforms up to 4200 V, and re-
sistance values up to 1000 megohms.

The solid-state measuring circuit fea-
tures excellent zero stability and lin-
earity. The current drain is very low,
assuring long battery life. Accuracy is
maintained throughout the usable life of
the batteries and a convenient battery-
test function is provided.
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Your subscriptionto ELECTRONICS WORLD
is maintained on one of the world's most
modern, efficient computer systems, and
if you're like 99% of our subscribers,
you'll never have any reason to complain
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending

S———— T T AL
CIRCLE NO. 126 ON READER SERVICE CARD

- ABOUT YOUR SUBSCRIPTION =———

”mgwwﬁﬁw

you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differences in addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailirg label from the cover of the mag-
azine—or else copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.

Drill, grind, debur, polish, sand, cut,
drive screws and nuts. No other tools
can perform the range of intricate,
precision operations you can do w1th
FOREDOM.

SEND FOR
COMPLETE
MINIATURE

POWER TOOL
CATALOG 250.

.. \

&\\ -

FOREDOM MINIATURE POWER TOOLS

for the Professional Technician

zﬂli FOREDOM ELECTRIC COMPANY

A DIVISION OF BLACKSTONE INDUSTRIES. INC

Bethel, Connecticut 06801
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ELECTRONIC
TECHNICIANS!

Raise your professional standing
and prepare for promotion! Win
your diploma in

ENGINEERING
MATHEMATICS

from the Indiana Home
Study Institute

We are proud to announce two great
new courses in Engineering Mathematics
for the electronic industry.

These unusual courses are the resule of
many years of study and thought by the
President of Indiana Home Study, who
has personally lectured in the classroom
to thousands of men, from all walks of
life, on mathcmfmcs. and electrical and
electronic engineering.

You will have to see the lessons to ap-
preciate them!

NOW you can master engmeerms
mathematics and actually enjoy doing it!

WE ARE THIS SURE: yqu sign no
contracts—you order your lessons on a
money-back guarantee.

In plain language, #f you aren't satis-
fied you don't pay, and there are no
strings attached,

Write today for more information and
your outline of courses.

You have nothing to lose, and every-
thing to gain!

The INDIANA
HOME STUDY INSTITUTE
Dept. EW-7, P.O. Box 1189, Panama City, Fla. 32401

CIRCLE NO. 134 ON READER SERVICE CARD

Increase Engine Power
Increase Gas Mileage 10-20%:
Reduce Engine Maintenance
Instant Starting in All Climates

GAPACITIVE
DISCHARGE
IGNITION SYSTEM

Order Today!

99l %

(Easily Assembled Kit $29.95)

Install in 10 minutes (use original coil)
Distributor points last lifetime of car

Spark plugs last 3 to 10 times longer

No changes required on timing or dwell
EXCLUSIVE built-in switch for change from
CD unit to standard lgnition system while
engine is running (for tune-ups, testing)
Solid state reliability

For 12-volt negative ground only

3-year guarantee

Write for Quantity Prices

V-J PRODUCTS, INC.
"W |P.0. Box 3746, Baytown, Texas 77520
Model J-15 Capacitive

-
»
.

-

Please send .
Discharge |gnition Systems

| I
| |
| |
I OAssembled @ $34.95 (JKit Form @ $29.95. |
| Enclosed is $. O Ship ppd.[d Ship C.0.D. l
| |

I

|

Name

Address
l City/State

CIRCLE NO. 120 ON READER SERVICE CARD
60

An input resistance of 21 megohms on
ranges permits accurate test re-
sults on even the most critical high- or

all d.c.

low-impedance circuits.

Dimensions are 6%-in high, 5%-in
wide, and 3¥%-in deep. The meter weighs
3% Ibs and comes with test leads and
batteries in place. Price is $128. A

Triplett Model 8000 Digital V. 0. M.

For copy of manufacturer’s brochure, circle No. 5 on Reader Service Card.

LTHOUGH Triplett is well known
for its wide line of conventional
analog or pointer-type meters of all
kinds, the company is keeping up with
the digital field as well. A digital meter,
although more expensive than an analog
meter, provides highly accurate read-
ings in digital form so that the inexperi-
enced user or one requiring more ac-
curate readings need not guess at the
position of a pointer moving over a scale.
The new 3%-digit solid-state Model
8000 measures d.c. voltage and current,
resistance, and the r.m.s. values of a.c.
voltages and currents. It can be used in
the lab, on the production line, in edu-
cational work, or for general-purpose
servicing. Measurements are displaved
by three gas-filled readout tubes. Also,
the numeral “1” is displayed for over-
range measurements. The readout dis-
play is complete with a movable decimal
point, automatic over-range indication,
and auto-polarity for d.c. functions. This
latter function means that the user need
not know or set the polarity of any d.c.
voltage he is interested in measuring.

Maximum voltage range is 1000 volts
on a.c. or d.c.

The meter has protective circuitry
which prevents dumage to the tester
when excessive voltages are applied. It
has as much as a 50 percent over-range,
and a saumple rate of six times per second
prevents blinking of the display.

Company engineers are especiallv
proud of the practically zero kickback
current, thereby allowing voltage mea-
surements in high-resistance circuits at
the stated accuracy of =0.1 percent of
reading =1 digit. This kickback current
is an internally generated current at the
meter input circuit which would flow in
an external circuit, producing an errone-
ous voltage drop.

The digital meter operates from the
a.c. power line. Premium PC Dboards
and heavy construction are used to pro-
vide strength and isolation from inter-
fering fields. A stored metal leg is used
to elevate the front edge to facilitate
table-top use. Size of the Model 8000 is
10% by 4% by 8% inches deep. Price
of the instrument is $575. A

FM Share of Radio Market Exceeds 469,

HE Consumer Products Marketing
Services of the EIA has reported that
the FM share of the total home radio
sales passed the 509 mark for the first
time last year—55.39% of the record

41,476,000 receivers that have been sold.

FM penetration of total U.S, radio
sales, including auto radios, reached a
record 16.1%¢ in 1969. Sec table below
for the receiver figures.

1969 1968
TOTAL TOTAL

‘ SALES® FM® % SALES® FM= %
| Table 4,681 2,280 483 6,383 3,315 51.9
Clock 7,801 4,121 52.8 5,376 1,730 33.0
Portable 26,932 14,504 53.8 22,563 10,902 48.3
Totai 39,414 | 20,905 53.0 34,322 15,947 464
TV/Phono/Comb. 214 214 | 100.0 274 274 100.0
Radio/Phono Comb. 1,848 1,848 | 1000 1,920 1,920 100.0
Tota! 41476 | 22,967 55.3 36,516 18,141 49.6
Automaobile 11,939 1,677 14.0 12,510 1,369 109
Total 53,415 24,644 46.1 49,026 19,510 39.7

All in 000 units
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Digital Instruments You Can Build
(Continued from page 31)

(approximately 70 volts d.c.) to assure that a glow discharge
cannot be sustained on the “off” cathodes. Thus, a transistor
having a collector-to-emitter breakdown voltage in excess
of 70 volts will serve adequately as a driver.

It is interesting to note that the driver transistor collector
will usually be pulled up into the breakdown region because
of the few microamperes of current drawn by the “off”
cathode. This is permissible as long as the transistor power
dissipation ratings are not exceeded and a stable operating
point can be maintained.

Availability

New readouts are being introduced almost daily. The read-
outs described in this article are, in the author’s opinion,
those offering the greatest performance at the least cost.
Understandably, these readouts will not be obtainable from
the corner electronics store, or even from the major mail-
order distributors. However, the components are available,
and the reader should contact the manufacturers indicated
in the tables to obtain the relevant data sheets and the name
of the nearest distributor.

Prices

Prices of the readouts are given in the tables for information
only. It must be understood that the stated prices are correct
as of the date this article was written, but are subject to
change without notice. Before a particular design is discarded
on the basis of price alone, the reader should obtain current
prices. Based on recent industry trends, prices are more likely
to decrease than increase.

Next month’s article will describe various counting and

decoding circuits compatible with either segmented or
numerical display devices. (Continued Next Month)

Fig. 6. Driver circuit configurations for (A) Burroughs B-
5750 and B-5856 and National’s NL-940 and NL-941 de-
vices that do not require separate decimal-point resistor un-
less the decimal point is energized alone and for (B) Amperex
Types ZM1000 and ZM1001 which require a priming resistor.
Type ZM1000 also requires separate decimal-point resistor.

+v D.C.
Ra ANODE

B-5750
B-5856
NL-940
NL-94I

ZMI000
ZMIOO1

Rop
Rpg 150k

1OM

When you have an intrusion detection system that already

SPECIFICATIONS:

cuts theft potential 95% by automatically switching on lights,
why add sound? Environmental Variance. EV is another way of
saying that numerous individual and business premises are sub-
ject to varying levels of background noise, including cars, trucks,
trains and industrial activity...as well as varying levels of out-
side people-traffic. This is why DeltAlert’'s new audio capability
is the answer to Environmental Variance, and why it's your
answer to total intrusion detection.

Horn sound is high-intensity, and the horn itself can be lo-
cated away from the sensing unit. There is a ten second delay
to allow authorized entry and access to the horn's on/off switch.

Order your DeltAlert system, complete with horn. You'll see
how DeltAlert’s variable sensitivity control and adjustable timing
providesthe most advanced sentry
system on the market. Completely
monitor and blanket areas fifteen
to thirty feet. Easy to connect. No
rewiring necessary.

DeltAlert, complete
unit, ready to

DeltaHorn,

Complete with s 95

built-in delay.....Only

*Effective August 1, 1970, DeltAlert will
increase to $69.95 ppd.

$5995*

Uitrasonic Frequency: 35 KHZ A
Area Coverage: 15-30 feet (de-
pending on shape of area) A
Controls: On-Off Switch; Built in Timer:
Variable Sensitivity Control A Output: 110-
130V at 1 Amp. A Power Requirements: 110-
130, 60 HzAC 4 Dimensions: 10%"W x 3%a'H x 3% D A Complete
with 110-130V Drop Cord A Walnut designer finish.

Unit and all parts manufactured in U.S.A.

July, 1970
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S0.1d-Staie .ockec-Uscl.ator
FM Limiter/Detector

By ERNEST J. JARROLD / Technical Specialist

Avionic Controls Dept., General Electric Co.

Design of solid-state version of circuit for TV sound detector. Has better
bn . .
llmLtlng, more audio recovery, and greater sensttivity than ratio detector.

OST transistor television receivers made today use

a conventional tuned-amplifier ratio-detector system

for the audio detector. Generally the source for this
detector system is the video detector in the TV set that uses
the intercarrier sound system. At this detector the 4.5-MHz
FM sound carrier is buried within a video signal that has
large components of amplitude modulation. Further, it is
expedient from a TV system-cost standpoint to have negative
sync at the video detector. This is done in such a way that
the amplitude modulation due to this negative sync “puts a
bite” into the 4.5-MHz FAM andio carrier—known as “down-
ward modulation” of the audio carrier. This type of amplitude
modulation is hard to eliminate from the limiter and detector
output. Consequently, it is not unusual to have an andio de-
tector system that invariably couples some portion of the am-
plitude-modulated video sync pulses through the limiter and
detector to appear as unwanted “sync buzz” at the speaker.
For many years the ratio-detector circuit has met—with a

bare minimum—the stringent requirements of an audio de-
tector for TV receivers. Relatively recently, the locked-oscil-
lator detector has been used to advantage. This type of circuit
needs a multigrid vacuum tube, but provides a definite per-
formance improvement over the ratio detector. The transistor
counterpart of this type of circuit has remained a novelty.

Description of Operation

As shown in Fig. 1, the signal is coupled-in through the
sound take-off transformer from a low-impedance source,
C1 and L1 forming a series-tuned circuit. From the second-
ary of the transformer capacitive coupling is used to the
base of the limiter stage Q1, which operates in a dual mode.
At low signal levels it acts as a sine-wave amplifier, and at
high signal levels it is a sine-wave-driven grounded-emitter
switch. For the circuit of Fig. 1 an amplifier-type transistor
was used although better performance, with improved AM
rejection, might be obtained by using a switching-type tran-

RS 3
6.8k 3

+i2v
-
R7
+|Cl2 30k
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¢l RI 27k
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SOUND TAKE

sistor, at not much difference in cost (see

3R Fig. 2).
clo =4 g o . .
100 The output of this switching stage is
T an B very nearly a square wave with a funda-
I

mental frequency equal to the incoming
signal frequency. Limiting action of the
L_ci_ incoming signal is achieved by the satu-
3 [~ ration of Q1. As the signal into the Q1

8 base gets stronger, the Q1 collector volt-
age waveform remains constant. This
square wave is integrated into a triangu-
lar or sawtooth wave by the action of
capacitor C4 and the load resistor for
Q1, R3. The fundamental frequency is
still equal to the incoming signal. Q2
acts as an amplifier stage. Its load resis-
tor, R5, and the coupling capacitor, C6,
are a current source for the following
detector.

A}

—
/\

\

The detector, Q3, is similar in per-

V
LIMITER
NOTES:

CAPACITORS ARE IN pF UNLESS OTHERWISE SPECIFIED
-Q1, Q2-FAIRCHILD S1062 OR 2N3394
% FOR HIGH-IMPEDANCE SOURCE USE PARALLEL RESONANCE

Fig. 1. Limiter and locked-oscillator detector designed for TV sound use.

v
DETECTOR

L3,L4-12H, @-50
Q3-2N2369 OR 2N5027

formance to the vacuum-tube locked-
oscillator detector, although it differs
somewhat in concept. The conventional
locked-oscillator audio detector using a
vacuum tube achieves quadrature grid
detection by means of the phase rela-

tionships between the pulsed current at

the first and third grids. The latter,
called the quadrature grid, is tuned for
parallel resonance at the center fre-

quency of the incoming signal.

—_— Operation of the detector of Fig. 1
might be easier to understand by think-
ing of it as an active slope detector.
The oscillator portion of Q3 consists of

20
- |
) " " +22V., Q3 SUPPLY (FIG.I)
a BREAK-UP"
=
p=]
o
: R/ /
Fig. 2. Limiting 2 10
curves for =24 kHz 3 \/ +12V.,@3 SUPPLY (FIG.1)
FM modulation. E& J—
ol | 7 TRaTIO DETECTOR
- % 1L [
a> ~
% 500 1000 1500 2000 2500
SOUND TAKE-OFF XFMR. INPUT -pV
62

300 4 tuned-base, tuned-collector oscillator,
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for its feedback path. The choice of transistor type for this
stage is rather critical, a good non-saturating switch type giv-
ing best performance. Such a type is available in un epoxy
package at low cost. This stage must be a dependable oscilla-
tor, but it has to be able to track the frequency of the incom-
ing signal. The emitter is essentially grounded to r.f. fre-
quencies. The collector tank is tuned to a frequency higher
than the incoming signal, the linear portion of the lower half
of the parallel tank response curve being tuned at the signal
frequency (Fig. 3).

With no frequency modulation of the incoming signal, the
oscillator is operating at a frequency of f,. As the incoming
signal is lowered in frequency to f;, the oscillator then oper-
ates at this lower frequency of f,—provided the signal is
strong enough to lock-in the oscillator. Conversely, when the
signal is raised to fy, the oscillator frequency rises to t,. The
pulses of collector current through Q3 flow through the Q3
tank and RIL. As the frequency of these pulses changes, due
to the changes in incoming signal frequency, the impedance
presented to these current pulses changes, and this causes a
change in the amplitude of the Q3 collector current pulses.
This change in amplitude of the current pulses is seen as a
voltage change across R11. Fig. 4 shows some waveforms
that illustrate the mechanism described. The similarity. in
end results, to the quadrature grid detector action can be
noticed.

Capacitor C11 is a bypass to ground for the oscillator por-
tion of the Q3 output. 1t acts as an integrator or filter to the
i.f. voltage pulses across R11 and also serves as a decmphasis
capacitor, working in conjunction with R11, to attenuate the
higher audio frequencies out of the detector.

Discriminator-Curve Characteristics

An interesting observation of the detector in action can be
made by viewing the “break-up” (detection threshold) curves
of Fig. 5. In Fig. 5B the random carrier noise can be scen at
each side of the curve as the oscillator falls out of syne with
the signal. This occurs since the AM and FM modulations
are random and non-synchronous with each other. In Fig. 5C
the AM carrier noise vanishes and in its place can be seen
a decaying transient sine wave. This represents the beat out-
put obtained from the frequency difference between the sig-
nal and the oscillator, as the oscillator is falling out of syn-
chronization with the signal.

Compured to a transistor, a vacuum-tube pentode is a
better device for use in a locked-oscillator detector applica-
tion, since it has available the additional power gain of the
audio amplification due to the quadrature grid. A tube cir-
cuit, however, is inherently more susceptible to variations in
stray capacitance, which may influence the crossover point
of the curve. A typical value of quadrature grid tank capaci-
tance in a tube set may be about 20 pF or less. In this tran-
sistor circuit the tank capacitances are five times larger so
that the effect of long-term change of printed-wiring-hoard
stray capacitance is much reduced. This has been a produc-
tion problem in early vacuum-tube locked oscillator detectors.

The point where the detector curve crosses the frequency
axis is somewhat a function of ambient temperature. This is
due mostly to the variation in capacitance with temperature
of C7. With a silver-mica capacitor, a detector crossover
frequency shift of +18 kHz was observed for an ambient
change of from 24° to 56°C. This could be improved by
choosing a capacitor with a suitable temperature coeflicient.

The detector curve crossover point had about 20-kHz shift
for a 5% variation in power-supply voltage.

Tuning Method

A sweep-generator signal is recommended, at least for the
initial checkout (as follows).

1. A strong signal is fed into the input. Use about 200 mV
r.m.s., 4.3 MHz, £25-kHz FM deviation and set the sweep

July, 1970

iHL_—— APPRUX. 180KHZ ————]
|
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I

et —————

.8V P-P FOR
FM % 24kHz

f2

E—— 4.5MHz

Fig. 3. Impedance of Q3 tank for incoming frequencies.

FREQUENCY-MODUL ATED INPUT VOLTAGE (NO AM)

AN (WY T
VAR

OSCILLATOR CURRENT PULSES

TRENEEY

DETECTOR QUTPUT VOLTAGE

AUDIO

W

TIME ——

Fig. 4. Waveforms showing the operation of the detector.

Fig. 5. Detector output curves under various conditions.

e
DETECTOR QUTPUT VOLTAGE
7V P-pP
X
(A) WIDE-BAND SWEEP (WITH FM == % 250-kHz)} SYSTEM TUNED UP AND STRONG
SIGNAL AT INPUT. NO AM MOD
DETECTOR OUTPUT VOLTAGE
(B) BREAK-UP CURVE {WITH 30% AM AND % 25-kHz FM) WEAK SIGNAL AT INPUT
DETECTOR OUTPUT VOLTAGE
v p-p

_________ —_——

(C) BREAK-UP CURVE (WITH NO AM AND %25-kHz FM) WEAK SIGNAL AT INPUT
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STEREO/HI-FI
DIRECTORY

Giant 180 page buyer’s guide listing more
than 1,600 individual Stereo/Hi-Fi com-
ponents by 176 manufacturers. Nine in-
dividual sections complete with specs,
photos, prices—the works!

1970. .. ... *98...... $1.35
#82

TAPE RECORDER
ANNUAL

Over 130 pages covering every aspect of
tape recording. Complete buyer's guide
to the brands and models on the market.
Expert tips on equipment—making better
tapes—editing—copying—everything you
want and need to know about tape re-
cording.

1970 . . ... .#99. $1.35
1969 . . #81 $1.35

Ziff-Davis Service Division—Dept. W * 595 B’way, New York, N.Y. 10012
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LIRETES] 81 98 99 $1.25 each [:¥
Print Name
Address
City State Zip

EW-7-70
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width to about 200 kHz. The vertical input of a scope is con-
nected to the detector output and the vertical gain set about
Y4 volt per em,

2. L4 is tuned for a positive slope of audio recovery (in-
creasing output voltage for an increase in signal frequency)
of ubout 1 V p-p and for maximum linearity. There is also a
point in L4 shug tuning at which a negative slope is obtained.
but this gives poor sensitivity and will not produce the proper
“break-up” (detection-threshold) characteristic,

3. The signal amplitude is now reduced until the detector
curve moves along the horizontal, or frequency, axis and
begins to leave the scope screen. Adjusting the L3 slug will
return the curve back toward the center. The input voltage
amplitude is further reduced while keeping the curve in view
with the slug adjustment of L3. Finally, the signal will be
reduced to the point where the curve will not move along
the horizontal axis. The detector is now tuned and only the
sound take-off transformer remains to be tuned. Proper tun-
ing of the transformer increases detector sensitivity so that
“break-up” can be achieved at a lower input level.

Nois¢ Suppression
-

The suppressor resistor R10 is very beneficial. Although
it diminishes detector audio recovery somewhat, it greatly
reduces andio “tweets,” those unwanted video signals appear-
ing on the low-band TV channels. These are caused by har-
monic generation in the audio or detector system, which is
picked up in the video, r.f, or if. system. RI10 should
be w small resistor (Y2 or Ys watt) and kept close to the
chassis. with both leads very short, especially at the col-
lector side.

Another consideration that is quite important to audio
“tweet” suppression is the ground paths of the i.f. limiter and
detector. Gronnd leads carryving large signal currents should
be returned to the point that will give the least ground-plane
currents.

Shielding of the oscillator-detector was not necessary when
these precantions were observed. An earlier model of this
system, which gave greater audio recovery, used a higher
power supply voltage (22 volts) but this circuit needed
shielding to reduce andio “tweets.”

Fig. 2 previously showed how the limiting curve of this
svstem is superior to a ratio-detector svstem. 1'his is piiaca-
Larly true for weak signals. The limiter had good buffering
action so that the 4.5-MHz signal in the oscillator-detector
does not enter the video detector and appear in the picture.
FFig. 6 shows the AM rejection ratio of the cireunit compared
to a ratio detector.

The author acknowledges the assistance of Mr. Edward
Eachus and Mr. Robert Donie, both of the General Electric
Company for their help in this effort. A

Fig. 6. AM rejection ratio of the circuit described here.
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“INFORMATION TRANSMITTAL AND COMMUNICATING S5YS-
TEMS“ by John P. Froehlich. Published by Holt, Rinchart
and Winston, Inc., New York. 269 pages. Price $3.95 paper-
bound.

This volume is designed as a classroom text yet can serve
equally well as a home-study guide for technicians who
service such communications systems.

Following the author’s preface explaining how the text is
laid out, the subject is dealt with in five chapters: communi-
cation, signal transmission in electrical networks, amplitude
modulation, angle modulation, and pulse modulation. The
presentation is in conversational style but the treatment is
mathematical and the student should have a working knowl-
edge of trigonometry, algebra, and basic calculus in order to
deal with the various problems and be able to work out the
equations,

% #* %
“HANDBOOK OF PRACTICAL ELECTRONIC TESTS AND MEA-
SUREMENTS* by John D. Lenk. Published by Prentice-Hall,
Inc., Englewood Cliffs, N.J. 297 pages. Price $15.00.

This is a thoroughly practical handbook for the practicing
professional electronics technician. It tells what can be
tested with basic instruments and how to go about it.

The author ranges from the testing of various components
through the techniques for measuring such quantities as
inductance, impedance, frequency response, circuit Q, dis-
tortion, s.w.r.. ete. All of these procedures can be performed
with basic test equipment of the type encountered in all
laboratories and most shops. Since the author has assumed
that his professional readers will not need to be instructed
on how to use the test equipment, he concentrates on spe-
cifics and application data. Readers are strongly advised not
to skip a prefactory chapter dealing with safety precautions—
they may be basic but have often suffered from an ofthand
contempt because of familiarity.

# * #*
“ELECTRONIC TEST & MEASUREMENT HANDBOOK" by John J.
Schultz. Published by Tab Books, Blue Ridge Summit, Pa.
17214. 220 pages. Price $7.95 hardbound. $4.95 softhound.

This is a specialized volume for those involved in main-
taining and troubleshooting receivers, transmitters, trans-
ceivers, antennas, and various pieces of accessory equipment
used with such basic units, The author has set 220 MHz
as his limit since, he feels, equipment needed to test higher
frequency gear is not available to the average technician or
ham.

The eight chapters cover general test procedures, the
basic test instruments and equipment that will be needed,
receiver circuits, transmitter circuits. antennas and trans-
mission lines, audio and video equipment, accessory equip-
ment and components, and system and interference tests. A
useful appendix provides reference data, charts, and formu-
las that the technician can use in his work,

The text is lavishly illustrated with diagrams, charts,
photographs of various pieces of commercial equipment, and
line drawings.

i e #*

“RADIO HANDBOOK'* by William I. Orr. Published by Editors
and Engincers, Ltd., New Augusta, Indiana. 888 pages.
Price $13.50.

It hardly seems possible that this is the 18th edition of a
popular reference work which grew from a slim volume in
1935 into this huge tome. But it is.

As always, this text is addressed to hams and their engi-
neering counterparts and provides a wealth of useful, up-to-
date information on all sorts of har equipment as well as
RTTY circuits and semiconductors. FET’s and IC’s have
been incorporated in a number of the designs so that the ham
building his gear from this book can take advantage of the
latest circuits and techniques.

Roughly half of the chapters deal with basics and serve
not only as excellent background for the student but invalu-

July, 1970
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able reference material for the old-timer. Another dozen or
so chapters deal with ham station specifics, while the next
two chapters cover electronic test equipment and workshop
practice. The final chapter is an over-all review of radio
mathematics and calenlations. Four appendices provide use-
ful data on color codes, inductors, copper wire, and con-
versions.

Those trving to decide on what single volume would be the
most useful in his technical library won’t go far wrong in
picking this handbook.

* % *
“EFFECTIVE TECHNICAL SPEECHES & SESSIONS" by Ifoward II.
Manko. Published by MecGraw-1ill Book Co., New York.
169 pages. Price $7.95.

Subtitled “A Guide for Speakers & Program Chairmen,”
this handy volume would seem to be a “must” in almost
anyone’s library—whether a research engineer who must
present the fruits of his labors before the IEEE or a service
technician whose association expects him Lo outline trouble-
shooting procedures on a new TV set for his fellow techni-
cians.

The author, who is Director of Research & Development
at Alpha Metals, is well equipped to offer such advice since
he is much in demand as a speaker and moderator at tech-
nical sessions throughout the country.

His advice is practical and down-to-earth and if more
persons honored by requests to address their peers would
follow his suggestions, technical sessions would be more
interesting, more informative, and better attended.

The text is divided into three parts: the speaker and the
speech, organizing a technical meeting, and finally parlia-
mentary procedures, contributed by George W, Cavanaugh,
a registered parliamentarian, Every chapter is packed with
practical and important tips and procedures, which should
be studied and digested for maximum elfectiveness. With
all this information under his belt, the prospective speaker
should be able to put his ideas across with the least amount
of strain to himself and his audience.

#AUDIO CYCLOPEDIA” by Howard M. Tremaine. Published
by Howard W. Sams & Co., Inc., Indianapolis, Ind. 1703
pages. Price $29.95.

This is a second edition of the basic reference book which
first appeared in 1939. Its revision was completed just be-
fore Dr. Tremaine’s untimely death last year,

As the ten vears since the previous volume was published
have witnessed giant strides in the development of stan-
dards, the use of semiconductors in all types of audio
equipment, and the emergence of sophisticated recording
techniques, this book has been extensively revised to reflect
present state-of-the-art.

Twenty-five chapters cover everything from basic principles
of sound through all types of equipment and techniques for
reproducing sound, to test equipment, audio-frequency
measurements, installation techniques, and general infor-
mation in the form of useful charts and tables. An exten-
sive and comprehensive index permits the user to pinpoint
the specific information he is seeking so that the “Cyclo-
pedia” can be used both as a reference work and study
text. The book is lavishly illustrated and presented in a
useful and easy-to-read format. A
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How to getinto

One of the hottest money-making
fields in electronics today-
servicing two-way radios!
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HE'S FLYING HIGH. Before he got his CIE training and FCC License. I'd Dulaney’s only professional skill was as a com-
mercial pilot engaged in crop dusting. Today he has his own two-way radio compuny., with seven full-time employees. I am
much better off financially, and really enjoy my work.” he says. Read here how you can break into this profitable field.

More than 5 million two-way transmitters have skyrocketed
the demand for service men and field, system, and R&D engi-
neers. Topnotch licensed experts can earn $12,000 a year
or more. You can be your own boss, build your own com-
pany. And you don’t need a college education to break in.

OW WOULD YOU LIKE to start col-
lecting your share of the big
money being made in electronics today?
To start earning $5 to $7 an hour...
$200 to $300 a week...$10,000 to
$15,000 a year?
Your best bet today, especially if you
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don’t have a college education, is prob-
ably in the field of two-way radio.
Two-way radio is booming. Today
there are more than five rmiillion two-
way transmitters for police cars, fire de-
partment vehicles, taxis, trucks, boats,
planes, etc. and Citizen's Band uses—

www.americanradiohistorv.com

and the number is still growing at the rate
of 80,000 new transmitters per month.

This wildfire boom presents a solid
cold opportunity for trained two-way
radio service experts. Many of them are
carning $5,000 to $10,000 a year nore
than the average radio-TV repair man.

Why You'll Earn Top Pay

Onc rcason is that the United States
Government doesn’t permit anyone to
service two-way radio systems unless he
is licensed by the Federal Communica-
tions Commission. And there simply
aren’t enough licensed eclectronics ex-
perts to go around.

ELECTRONICS WORLD

DU_LANEY CoMMUNICATIONS SERVICE

%

i


www.americanradiohistory.com

Another reason two-way radio men
earn so much more than radio-TV serv-
ice men is that they are needed more
often and more desperately. A home
radio or television set may need repair
only once every year or two, and there’s
no real emergency when it does. But a
two-way radio user must keep those
transmitters operating at all times, and
must have their frequency modulation
and plate power input checked at regu-
lar intervals by licensed personnel to
meet FCC requirements.

This means that the available licensed
experts can “write their own ticket”
when it comes to earnings. Some work
by the hour and usually charge at least
$5.00 per hour, $7.50 on evenings and
Sundays, plus travel expenses. A more
common arrangement is to be paid a
monthly retainer fee by each customer.
Although rates vary widely, this fixed
charge might be $20 a month for the
base station and $7.50 for each mobile
station. A survey showed that one man
can easily maintain at least 100 stations,
averaging 15 base stations and 85 mo-
biles. This would add up to at least
$12,000 a year.

Be Your Own Boss

There are other advantages too. You can
become your own boss—work entirely
by yourself or gradually build your own
fully staffed service company. Instead
of being chained to a workbench,
machine, or desk all day, you'll move
around, sec lots of action, rub shoulders
with important police and fire officials
and business executives who depend on
two-way radio for their daily operations.
You may even be tapped for a big job
working for one of the two-way radio
manufacturers in field service, factory
quality control. or laboratory research
and development.

How To Get Started

How do you break into the ranks of the
hig-money earners in two-way radio?
This is probably the best way:

I. Without quitting your present job,
learn enough about electronics fun-
damentals to pass the Government
FCC Exam and get your Commer-
cial FCC License.

2. Then get a job in a two-way radio
service shop and “learn the ropes” of
the business.

3. As soon as you've carned a reputa-
tion as an expert, there are several
ways you can go. You can move out
and start signing up and servicing
your own customers. You might be-
come a franchised service represen-
tative of a big manufacturer and then
start getting into two-way radio sales,
where one sales contract might net
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you $5,000. Or you may even be in-
vited to move tp into a high-prestige
salaried job with one of the major
manufacturers cither in the plant or
out in the field.

The first step—mastering the funda-
mentals of Electronics in your spare time
and getting your FCC License—can be
casier than you think.

Clevetand Institute of Electronics has
been successfully teaching electronics
by mail for over thirty years. Right at
home, in your spare time, you learn
electronics step by step. Our AUTO-PRO-
GRAMMED® Jessons and coaching by
expert instructors make everything clear
and easy. even for men who thought
they were “'poor learners.” You'll fearn
not only the fundamentals that apply to
all electronics design and servicing, but
also the specific procedures for install-
ing, troubleshooting, and muaintaining
two-way mobile equipment,

Get Your FCC License...
or Your Money Back!
By the time you've finished your CIE
course, you'll be able to pass the FCC
License Exam with ease. Better than
nine out of ten ClE-trained men pass
the FCC Exam the first time they try,
even though two out of three non-ClE
men fail. This startling record of achieve-

ment makes possible the famous CIE
warranty: you'll pass the FCC Exam
upon completion of your course or your
tuition will be refunded in full.

Ed Dulaney is an outstanding exam-
ple of the success possible through CIE
training. Before he studied with CIE,
Dulaney was a crop duster. Today he
owns the Dulaney Communications
Service, with seven people working for
him repairing and manufacturing two-
way equipment. Says Dulaney: I found
the CIE training thorough and the les-
sons casy to understand. No question
about it—the C1E course was the best in-
vestment 1 ever made.”

Find out morc about how to get ahead
in all fields of electronics. including two-
way radio. Mail the bound-in postpaid
reply card for two FREE books, “How
To Get A Commercial FCC lLicense”
and “How To Succced In Electronics.”
If card has been removed, just mail the

coupon below.

ENROLL UNDER NEW G.1. BILL

All CIE courses are available under
the new G.I Bill. If you served on
active duty since January 31, 1955,
OR are in service now, check box
on reply card for G.1. Bill infor-
mation.

Cleveland Institute of Electronics

&
Cl

1776 East 17th Street, Cleveland, Ohio 44114

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

r
l Cleveland Institute of Electronics =
Z ew | 1776 East 17th Street, Cleveland, Ohio 44114 |
I Please send me without cost or obligation:
| Your 40-page book ‘“How To Succeed In Electronics’’ |
C|E c R | describing the job opportunities in Electronics today, l
and how your courses can prepare me for them.
| = Your book on ‘“How To Get A Commercial FCC Li- l
COURSES |1 == |
| | am especially interested in: I
1 BROADCAST (Radio &TV) | | [J Electronics Technology (] Electronic Communications |
ENGINEERING...now in- | [ Broadcast Engineering [ Industrial Electronics [
cludes Video Systems, Moni- . A . A i
tors, FM Stereo Multiplex, | [ First Class FCC License (] Electronics Engineering |
Color Transmitter Operation | l
and CATV. [ |
Name._ N — S
2 ELECTRONICS ENGI- { (ARG :
NEERING. .. covers steady-
state and transient network I Address — l
theory, solid-state physics | | |
and circuitry, pulse tech- I Cit |
niques, computer logic and I S N — |
mathematics through calcu-
lus. A college-level course I State o _ Zip Age l
for men already working in I |
2SS I [ check here for G.l. Bill information. I
| Ew-79 |
b e e —— e —— ———
CIRCLE NO. 147 ON READER SERVICE CARD
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For top performance with

ELECTRO
POWER SUPPLIES

Whatever your power supply needs are . . . you'll be
better off buying Electro. Every model is engineered
to deliver the superior performance you want, yet all
are priced to create outstanding values you’ll be hard
pressed to duplicate. For complete details write today.

RUGGED
High-Current
NFB-NFBR
SERIES

0-32 Volts DC
Upto 15 Amps DC

Continuously Variable

High current power supplies designed to deliver up
to 480 watts of well filtered DC power. Exceptionally
reliable, they feature silicon rectifiers for higher
efficiency, less than 0.75% ripple at top load, a fast
acting circuit breaker in the output circuit, excellent
load regulation, special chokes, condensers and Pi-
type filters, and two meters with 0-50VDC output
voltage-—0-25ADC output current.

EXTRA
Hi-Power
PS-1000 Series
1000 Watts

Continuously Variable
Well tiltered for Low Ripple

For continuous heavy-duty, Continuously variable out-
put, 0-32 VDC for loads to 30 amps. Ripple: less than
0.75% at max. current. Filter circuit uses chokes and
capacitors. Variable autoformer for smooth control.
Bridge-type silicon rectifiers. Also available in an
0-55 vDC at 20 amps. model.

HIGH-CURRENT
PS-50, PS-30

® 12 Volts
.| ADJUSTABLE

— Low Ripple at Max. Current

These new general purpose power supplies are heavy
duty adjustable 12-volt units for servicing auto, air-
craft and marine communications equipment. Useful
in industrial and educational labs, thermo-electric
cooling power source, etc. Maximum ripple is 1% at
maximum current. Qutput voltage adjustment js 8-
position tap switch. PS-50 delivers up to 50 amps.
continuously; PS-30 rated up to 30 amps.

Sold through leading Electronic Distributors

ELECTRO

ELECTRO PRODUCTS LABORATORIES, INC.

6125 WEST HOWARD STREET. CHICAGD, ILLINDIS 60648

312-647-8744/FAX JMO/CABLE ELECTROLABS
CIRCLE NO. 143 ON READER SERVICE CARD

70

..... e e - e . 5 S

- = vywow americanradmhistorvcom

Stable One-IC
Reference Supply

By H. A. WITTLINGER

RCA Electronic Components

EED a simple, low-cost, stable reference-voltage supply
with a temperature coefficient better than 0.005 percent
per °C and a line regulation of 0.002 percent? Then use the
low-cost RCA-CA3046 transistor array and two carbon-com-
position resistors in the configuration shown in Fig. 1. With
an input to the circuit between —16 and —25 volts, you will
have a —8.45-volt reference supply that will meet all of your
requirements.

There are two reasons for the excellent stability provided
by the transistor array of this configuration. First, the re-
verse-biased buse-to-emitter zener-reference diode and for-
ward-biased base-to-emitter compensating diodes are on the
same chip and provide excellent thermal tracking. Second,
the designer can use two transistors of the five-transistor ar-
ray as a constant-current generator for the compensated ref-
erence-diode array.

The temperature coefficient of the 7-volt base-to-emitter
zener diode is on the order of 43 millivolts per °C at 500
microamperes, while the forward base-to-emitter diodes are
about —1.7 millivolts per °C at the same current. Thus, the
two diode-connected transistors overcompensate slightly and
yield a net temperature coefficient of —0.005 percent per °C.

The best way to operate a zener diode is with a series
resistance that is high in comparison with the zener imped-
ance; in the application under discussion, this zener imped-
ance is about 220 ohms. The two remaining transistors are
connected as a constant-current transistor and zener-diode
reference for the current source, to obtain the desired high
series resistance and thus provide the excellent line reg-
ulation.

When a group of these RCA-CA3046 arrays were operated
in the configuration shown, the worst unit yielded a tempera-
ture coeflicient of —0.0024 percent per °C over the range of
—55°C to +75°C. Line regulation on the worst unit was
0.0012 percent for each percentage change of input voltage.
Typically, the —8.45-volt output variations were less than 2
millivolts over the —16 to —25-volt input range. The absolute
output voltage should be within 5 percent of —8.45 volts. A

l
=+

VRep=-8.45V

Fig. 1. Diagram
of simple, low-
cost reference
voltage supply
which uses an
RCA-CA3046
transistor array,

-6V TO-25V
ELECTRONICS WORLD
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(Continued from page 26)

Law: I = V/R. The conductivity of planetary material is
defined as 1/p. the reciprocal of its resistivity. The range of
the latter, as regards rocks and rock materials, is very great.
The range extends from 10 7 to 10'7 ohm-cm. Minerals and
rocks from 10" to 10 ohm-cm are considered good conduc-
tors; intermediate ones from 100 to 10" ohm-cm; and poor
ones from 10" to 10'" ohm-cm. However, differences are not
consistent. Anomalously low resistivities are a specific feature
ol mmetallic meteorites.

Under favorable conditions, resistivity methods can help
to {ind the depths of lavers in the earth having high or low
comductivities and might aflord an approximate determina-
tion of the shape of discrete ore bodies or meteoritic fill ma- |
teriale A variety of approaches is available, but it is a common
objective to obtain an approximate idea of what is buried
beneath the carth before extremely costly drilling operations
commence.

Typically, as shown in Fig. 11A, a d.c.-excited electrode
placed in the ground will give rise to potential dillerences. 1
It we take two exploration electrodes and a readout to mea-
sure these differences between points B and C| then between
C and D, and so on, we will find a given value between points
D and E, because our (imaginary) bowls are partly short-
circuited by the conducting laver, CL. Note that the “far”
clectrode is placed at a considerable distance from the test
site and provides a current-return path,

If the lower laver, CL. is a less efficient conductor than the
upper strata, the clectrical potential hetween points D and E
would be larger. Here, the bowls are partially insulated as
compared to the conducting overburden. Results may be
plotted as shown in Fig. 11B. Resistance will dip if high
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BURSTEIN APPLEBEE
NCE 1300

EVERYTHING IN RADIO TV
AND ELECTRUNICS

GIANT 260 PAGE
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RADIO-TV
ELECTRONICS
CATALOG
YOUR BUYING GUIDE FOR EVERYTHING IN ELECTRONICS!
RESERVE YOUR COPY NOW FOR DELIVERY IN LATE AUGUST
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BURSTEIN-APPLEBEE CO.,
DEPT. EW.7 3198 MERCIER ST,

KANSAS CITY, MO. 64111

Name e .

Address

City

Statse __Zip Code

conduction is invoked by the presence of meteorites.
However, taken together, electrical methods (which also
include inductive techniques based upon low-frequency loop
methods and the like) tend Lo be characterized by low pene-
tration and resolving power. Better diagnostic data can be
obtained by measuring the resistivity of drill holes. Geological

Fig. 10. Geiger counter being used to make radioactivity-type
survey at Barringer Meteorite Crater’'s last exploratory driil
shaft. The abandoned drill hole, secured by iron casing and
wooden plug on top, can be seen at the rear of the photograph.
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THE WORLD’S MOST ADVANCED
HIGH FIDELITY AMPLIFIER
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actual size

SINCLAIR 1C-10

The Sinclair 1C-10, the world’'s first monolithic integrated circuit
high fidelity amplifier and preamp, is now available for professional
or hobby applications, The silicon chip contains 13 transistors, 3
diodes and 18 resistors. This rugged device is encapsulated in plas-
tic and bonded to a supporting heat sink bar. The IC-10 is a true
high fidelity amplifier possessing distinct advantages over conven-
tional types, the most important of which are freedom from thermat
runaway and a very low distortion level. The IC-10 may be used with
batteries or with the PZ-7 regulated power supply. As an audio am-
plifier the I1C-10 requires only the addition of tone controls, speaker
and a power source. A 32 page manual describing applications in
addition to audio is supplied with each IC-10.

SPECIFICATIONS
Output: Class AB. 10 watts peak, 5 watts RMS
Distortion less than 1% at full output
Response: 5 Hz to 100 kHz * 1 dB
Gain: 110 dB (100,000,000,000 times)
Supply voltage: 8-18 volts DC
Sensitivity: 5 mv. input impedance adjustable externally up to 2.5
meg ohms.

P e
| PLEASE SEND ME: AUDIONICS, INC., Dept. EW |
9701 S.E. Mill, Portland., Ore. 97216
I ___1C-10's @ $12 ea. 4 35c¢ postage : ortian e |
I PZ-7 Power Supplies @ $14.95 ea, Name__ = I
| + 75¢ shipping Address |
| ™ FREE AUDIONICS Catalog City |
| R |
LTotal enclosed: $_ State Zip. J
T T T T CIRCLE NO. 149 ON READER SERVICE CARD
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I The
outdoor speaker
that doesn’'t sound
like one.

Most outdoor speakers sound pretty bad.
The result of too many design compromises,
they end up hardly hi-fi.

But, Altec has built an outdoor speaker
with a quality rivaling some of our indoor
models.

The secret is our famous 755E 8" full-
range speaker. It fits neatly into a one-cubic-
foot enclosure of a durable, cocoa-brown
weather-resistant material.

Less than 15" high, our Patio Speaker will
serve as a portable unit, complete with its
own stand, or may be mounted on walls or
beneath eaves.

With a frequency response from 70 to
15,000 Hz and a 90° dispersion of high fre-
quencies, the Patio Speaker will provide
you with beautiful music for balmy summer
evenings outdoors.

See it at your Altec dealers. Or write us
for our catalog which also describes other
Altec Lansing speaker systems, includ-
ing the world's finest—"The Voice of the
Theatre®" systems.

i AUEC

A QUALITY COMPANY OF LTV LING ALTEC, INC.

1515 S. Manchester Ave., Anaheim, Ca. 92803
CIRCLE NO. 150 ON READER SERVICE CARD

GET
INTO

ELECTRONICS

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers, ra-
dar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic  Technology curricula
both available, Assoc, degree in
29 mos. B. S. also obtainable,
G.1. approved. Graduates in all
branches of electronics with
major companies. Start Sep-
tember, February, Dorms. cam-
pus. High school graduate or
equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana 46383
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Fig. 11. Basic electrical profiling system used for checking underground resis-
tivity of meteoritic fill material. Two exploration electrodes, meter, and d.c.
power supply are used to {A) measure potential differences between points B and
C, and C and D, etc. until bowls {imaginary) are partly short-circuited by weli-
conducting layer CL. Results are {B) plotted and when resistance begins to dip
{high conductance) the presence of meteorites is indicated. Note that one elec-
trode is placed at a distance from test site and provides current-return path.

observations, coupled with magnetome-
ter- and gravimeter-based surveys, ap-
pear to be more promising.

Oceanic Meteorites

It was oceanographer Sir John Mur-
ray who directed attention to deep-sea

- meteoritic deposits as early as 1876. The

size of these small spherules seldom ex-
ceeds 0.2 millimeter and more frequent-
lv is in the 30 to 60-micron range, Of

black or brown color, they are collected
by using search magnets pulled over the
ocean’s floor. Careful cuts normally re-
veal a nucleus of iron which is enclosed
by a magnetic crust.

The annual accnmulation of meteor-
ites over the plunet’s surfuce has been
estimated to be about 2.5 to 5 million
kilograms. Thus, considering that the
oceanic systenm covers 71 percent of the
globe, given distributions within the
marine enviroument can be calculated.

Iron is but a trace element in sea
water and present primarily in colloidal
form, such as iron hydroxide and in com-
binations with Huorides or organic sub-
stances. There is about 0.002 to 0.02
gram of iron in one metric ton (1000
liters) of water. Normally, at the ocean’s
snrface, solubility is less than 1077 milli-
gram per ton.

It is not known how deep-sea meteor-
ites affect marine ecology. But in deep
ocean areas, far from land, there are reu-
sons to expect that lack of essential iron
and manganese can reduce the rate of
plant growth. Iron is required for
haemitin compounds, which are vital for
photosynthesis. The addition of iron
and manganese to sea water collected
far offshore and enriched with nitrate
and phosphate, quite often led to faster
growth and larger crops of diatoms and
phyvtoflagellates.

From the point of view of electronics-
based instrumentation, no special equip-
ment systems are vet available to inves-
tigate “bulk” meteoritic deposits, if any,
in the sea. NMarine-type magnetometers

www.americanradiohistorv.com

are towed Dehind oceanographic re-
search vessels. but most data obtained
this way pertains to the ocean’s geologi-
cal features at large.

Summary

The investigation of meteorites and
their secondary phenomena is a chal-
lenging undertaking. Various geophysi-
cal methods must be used and/or espe-
cially developed in order to determine
their properties and effects on earth.

This interest is reflected in the collec-
tions in mnseums around the world.
Chicago’s  Natural  History  Museum
houses what is probably the largest such
collection. Rescarch and field work are
conducted by university-based scientists,
government agencics, and, to a lesser
extent. by instrumentation engineers
secking and testing new detection prin-
ciples. A
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NEW PRODUCTS

For additional information on items
identified by a code number, simply
fill in coupon on Reader Service
Card. In those cases where code
numbers are not given, may we sug-
gest you write direct to the manu-
facturer on business letterhead.

COMPONENTS '+ TOOLS = TEST EQUIPMENT « HLFI « AUDIO = CB = COMMUNICATIONS

“ENVIRONMENTAL’’ SPEAKERS
A new series of “environmental” speaker sys-
tems which will be marketed under the “Aquari-
us” label are now available for distribution.
Four models in a wide variety of sizes, shapes,
colors, and component combinations are in the
line. Utilizing primarily reflected rather than

direct sound. the Aquarius systems employ vari-
ous combinations of computer-calculated loading
reflectors, radial diffraction slot panels, and direct
radiators for localization. As a result the sound is
extremely diffuse and encompassing.

The high-fashion Aquarius 2, for example, is
40 inches high x 18 inches wide x 15'% inches
decp. It comes in white or red and has a black
textured fabric grille cloth. Speaker components
include a 12" low-frequency woofer, two 5"
mid-range speakers, 2” high-frequency twecter,
with a matched dividing network. Impedance is
8 ohms. JBL

Circle No. 6 on Reader Service Card

ELECTRONIC LECTERN

Several new features have heen added to the
“Ampli-Vox” sound-column lectern which the
company claims results in improved performance
and user convenience.

The new model offers an output to tape re-
corder. a separate “on-off” switch, and new in-
tegrated circuitry in the amplifier design. This
permits the speaker to tape-record his speech and
eliminates the need to reset the volume each time
the unit is turned on.

The lectern is a complete p.a. system which
works on 10 flashlight batteries that power the
25-watt solid-state amplifier. A professional dy-
namic cardioid microphone and six full-range 5”
speakers in a sound column are included. The
lectern height is adjustahle from 36" to 40" and
the unit has hidden wheels for casy movement.
An a.c. adapter and a reading lamp are available
as accessorics if desired. Chambron Electronics

Circle No. 7 on Reader Service Card

BREADBOARDING KIT
A compact and inexpensive hreadboarding kit
that is large enough for normal circuit develop-
ment but small enough to be put away in a desk
drawer is now available.
The kit is available with solderless connectors
which allow components to be inserted from all

e, o
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directions, or locking, feedthrough solder-type
terminals can be supplied. Switch and pot brack-
ets are furnished in each kit and are of the
positive-retention type. Right-angle brackets and
universal “Z" brackets are also included.

The phenolic deck measures 6%2” long x 4”
wide x %z2” thick. The holes are 0.093” spaced
on 0.265” grid centers. The phenolic deck
mounts on two rails. 17 high. Houle

Circle No. 8 on Reader Service Card

FM CONVERTER FOR CARS

The “Sterco Magic”™ Model DFC-887 FM con-
verter is designed to fit under the car dashboard
to provide FM reception from any AM car radio.
Only two holes must be drilled in the dash be-
neath the present AM radio. The converter is
hooked up by means of the two plug-in antenna
leads provided plus a connection to the 12-volt
positive power supply. Eastern Specialties

Circle No. 9 on Reader Service Card

DESOLDER TOOL

An imported desolder tool, widely used in
clectrical and electronic factories throughout Eu-
rope, is now available in the U.S. for the first
time.

The new tool simplifies the removal of elec-
tronic components from circuit boards, tube sock-
ets, and all electronic or electrical connections.
The barrel is of metal and the plastic point keeps
the barrel from heing overheated.

Complete details on this guaranteed tool are
available on request. Continental Products

Circle No. 10 on Reader Service Card

DIGITAL VOLTMETER
A new digital voltmeter, Model VT 300, mea-
sures 17 ranges of d.c. and a.c. volts and d.c. and
a.c. amps. Range change is accomplished with in-
terchangeable plug-in cards.
This 3V2-digit instrument features a built-in
power supply, automatic zcro, overrange indi-
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cator, internal calibration reference voltage, BCD
output. end-of-measurement signal output, and
an external trigger input. Accuracy is *=0.1% of
reading and *=0.1% of full scale. There is also a
provision for optional extended range. Dixson
Circle No. 11 on Reader Service Card

CARDIOID MICROPHONE

A new directional-type cardioid microphone,
designed specifically for use in broadcasting, re-
cording, night clubs, public-address, and other
applications where background noise creates a
problem has been introduced as the Maodel 2203.

The unit is a low-impedance (150-ohm) ver-
sion of the company's Model 2266. Its directional
characteristics are such that it is *live™ to sound
originating in front of it and dead to sound arriv-
ing from the rcar.

The all-stcel unit can he switched from use as
a hand microphone to stand mounting. It is de-
signed to withstand severe mechanical shock as
well as extreme temperature and humidity. The
unit comes with an “on-off” line shorting switch
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and a 20-foot two-conductor shielded cable. Fre-
quency response is 50-15,000 Hz. Turner
Circle No. 12 on Reader Service Card

NOISE REDUCTION UNIT

The Model 100 noise reduction unit is the first
direct adaptation of the Dolby audio noise reduc-
tion system for use as a separate component with
any high quality home tape recorder.

The licensed Dolby circuitry is of the new
“B-Type™ developed specifically for home tape re-
cording and pre-recorded commercial tape re-
leases. It is designed to reduce hiss and other noise

inherent in the tape-recording process withont
changing the musical integrity of the recorded
signal. The system operates on both the record
and playback functions of a tape recorder.

The Model 100 is a simultaneous record-play-
back control center consisting of two separate scc-
tions: a record section incorporating microphone
and line preamplifiers and the record Dolby Sys-
tem circuits, and a playback section with the
playback Dolby System circuits and playback line
preamplifiers.

The unit is designed to be interconnected with
any tape deck and takes over all adjustments from
the deck.

The unit measures 1273" wide x 53" high x
834" deep. An optional walnut cabinet is avail-
able. Advent Corporation

Circle No. 13 on Reader Service Card

1C PROJECT KITS

A new serics of integrated-circuit project kits
that require only a soldering iron and simple hand
tools to huild has been introduced. With the four
kits, the cxperimenter can build a mike preampli-
fier, a two-channel mixer, an audio oscillator, and
an oscillator-amplifier.

The kits include both active and passive com-
ponents, predrilled printed-circuit boards, and
complete instructions for building the equipment.
All the circuits are battery operated and incorpo-
rate the latest IC technology to permit the builder
to learn how to work with IC’s.

A kit enclosure and hardware pack, which pro-
vides a functional enclosure for any of the four IC
kits, is also available. RCA /Electronic Com-
ponents

Circle No. 14 on Reader Service Card

DIGITAL PANEL METER

A new low-cost, low-power 3V2-digit digital
panel meter, which measures only 2.359” high x
4.140” wide x 4.846" deep, is now available as
the Mode¢l 5020.

The new DPM features a fluorescent readout in
a single plane and non-blinking with a fast I-sec-
ond response. The circuit is engineered with a
high sensitivity of 10 millivolts and 100-megohm
input resistance as standard, plus 100% over-
range.

The Model 5020 provides readings to 1999 and
positive over-range indication at 2000. IC’s and
other stable semiconductors are used throughout.
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The meter employs a dual-slope analog-to-digital
conversion technique providing high noise rejec-
tion, stability, and accuracy for precise voltage or
current measurements, according to the company.

There are six d.c. voltage ranges and seven d.c.
current ranges. Voltage accuracy is *=0.1% of
reading =1 digit while the current is =0.15%
of reading =1 digit. Triplett

Circle No. 15 on Reader Service Card

SOLDER REMOVER

Using the wicking principle, the new “Solder
Blotter” is designed for the fast removal of solder.
The product is packaged in two sizes of interlock-
ing hand-size spools that prevent finger burning
during dcesoldering and climinate waste and
tangles.

The remover wick can be used with a conven-
tional 35-watt or higher temperature soldering
iron and will work with all types of connections—
post, pot, or lug. The blotting material leaves the
work surface free of residuals or flux contamina-
tion. Easy Electronic

Circle No. 16 on Reader Service Card

SOLID-STATE “Q’’ METER

Hewlett-Packard has introduced a new solid-
state “Q” meter, the Model 4342A, which covers
the “Q” range from 5 to 1000 in a frequency
band from 20 kHz to 7 MHz. Three new fea-
tures, which are designed to speed and simplify
micasurements, include push-button controls, auto-
matic leveling, and the elimination of easily over-
loaded elements.

The direct-reading, expanded scale of the unit
displays “Q" measurements from 5 to 1000 and

makes it easy to see very small changes in “Q™
resulting from varying test parameters. In addi-
tion to measuring circuit “Q” directly, the
Model 4342A determines coil inductance, dis-
tributed capacitance, effective series resistance,
and the self-resonant frequency of capacitors.

Those wishing full specs on this instrument
should address their letterhead requests to the
Inquirics Manager of the company at 1501 Page
Mill Road, Palo Alto, California 94304

FLUORESCENT DISPLAY

The Electronic Tube Division of Sylvania Elec-
tric Products Inc. has introduced a fluorescent
display device which the company says provides
bright, sharp readout of digits and decimal point
at low drive and power levels.

The Type 8843 offers a wide viewing angle
with no parallax. Digits from zero to nine are
formed on a single plane near the envelope side-
wall. Digits are generated by excitation of appli-
cable combinations of up to seven phosphor-
coated segments. These anodcs are energized by
clectrons emitted by a directly heated common
cathode. An additional anode displays the decimal
point.
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T-6Y2 glass envelope. It is suitable for use in
test equipment, computers, instrumentation, and
other applications requiring numeric display.

For complete details on the 8843, send your
letterhead request to the company at 1100 Main
Street, Buffalo, New York 14209.

FAST-ACTING FUSES

Fast-acting, subminiature Picofuses are now
being offered in amperages from !16 through 15
amps. These units are designed to be used for
circuit protection in computers, sophisticated air-
borne instruments, and other microelectronic cir-
cuits. Five of the fuses weigh one gram.

The fuses are provided with solder-coated cop-
per leads, 0.025-in in diameter, except for the
15-A fuse which has a lead diameter of 0.032
inch. The leads are 1V, inches long so that the
fuse may be soldered into the circuit or inserted
into diode-type clips or mountings. Blowing char-
acteristics are 100% four hours minimum, 200%
five seconds maximum. Littelfuse

Circle No. 17 on Reader Service Card

150-MHz COUNTER /TIMER
Monsanto Electronic Instruments, 620 Passaic
Avenue, West Caldwell, N.J. 07006 has added
the Modcl 120A 150-MHz universal counter/
timer to its line of digital counters.
More than 60 percent of the components in the

new instrument are medium-scale IC’s and its
8-digit readout features the company’s solid-state
light-cmitting numerics (LEN).

A new and useful feature of the Model 120A is
automatic ranging. All frequency and period
measurements are displayed with maximum reso-
lution automatically without the operator having
to resort to manual time-basc measurements.
However, the instrument can also be used manu-
ally. The instrument includes a full range of
counter/timer functions, programmability, and
binary-coded decimal (BCD) output. The unit
can be remotely programmed for time-basc se-
lection, function sclection, start/stop operation,
trigger level, slope selection, and display.

Complete data on both the 8-digit and 9-digit
versions of the counter/timer is available upon
letterhead request.

WIDE-RANGE CARDIOID

The RE20 is a rugged, wide-range cardioid
microphone which has been designed especially
for recording and broadcast applications.

The case is machined from solid-steel bar stock
and the unit has built-in shock mounting and
clectrical shielding. According to the company,
the microphone is unaffected by hard use or
abuse. A built-in pop filter eliminates any breath
or wind noiscs. An external mounting, including
extra shock protection, is available for boom or
stand use. Electro-Voice

Circle No. 18 on Reader Service Card

SYNCHRONIZED ROTATOR

A permanently synchronized TV antenna ro-
tator which is fully lightning protected has been
introduced as the “Pris-Matic PM-1 rotator.

The rotator can be mounted at any point on a
TV mast since the mast unit weighs only 42
pounds but can support all conventional TV an-
tennas and some amateur beams.

According to the company, the rotator has a
repeatability of 3 degrees or less. has no wind
slippage, and is usable in temperatures from
—40° to +140° F.

The solid-state control unit, which is powered
by 117 volts a.c. at V5 A, is housed in a decorator-
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lighted panel. Blonder-Tongue
Circle No. 19 on Reader Service Card

BASE-STATION UNIT

The “Ranger 23” is a tube-type base-station
transceiver featuring a cascode front-end and low-
noise nuvistor and full-time range expand.

The unit provides full 23-channel operation,
with all crystals supplicd, and 19-tube perform-
ance with a hand-wired chassis. Features include
exclusive modulation, illuminated “S”-r.f. meter,
modulation indicator, 100% modulation, a.v.c.,
15-uV  sensitivity, pi network, and 3.4-watt
audio output—all housed in a rugged heavy-
duty cabinet.

Designed for 117-volt, 60-Hz power-line op-
eration, the transceiver can be powered by an op-
tional 12-volt mobile power supply if desired.
Courier

Circle No. 20 on Reader Service Card

3-WAY SPEAKER SYSTEM

The Grenadier 6000M is a three-way speaker
system featuring a 10-in woofer, mid-range radi-
ator, and an ultrasonic twecter. Frequency re-
sponse is 30-20,000 Hz and impedance is 8 ohms.
The system will handle 75 watts.

The speaker is housed in a satin walnut-finish
enclosure with an imported marble top (walnut
finish top available as the Model 6000). Over-all
dimensions are 18” diameter x 2455” high and
the system weighs 60 pounds. Empire Scientific

Circle No. 21 on Reader Service Card

HAND-HELD FM PORTABLES
Three solid-state, 4-watt personal/ portable FM
two-way radios are now available as the Model
Series HC-400. All models require a 12-volt
nominal power supply and are battery operated.
All three are designed for operation in the 450-
512 MHz band.

The basic unit measures 7.57 x

(HC-400)

2.78” x 1.3” and is available with one or two
channels and noise squelch. The second version.
an expanded service unit, is identical to the basic
model except that it is designed for use with a
heavy-duty NiCad battery and is 1.5” deep. It is
available with up to two channels and/or con-
tinuous tone squelch. The third unit, a deluxe 4-
channel, 4-watt version, measures 7.5” x 2.78"
x 1.7". 1t can be equipped with any standard EIA
continuous tone squelch frequency.

Each unit has an internally telescoping 6%2"
whip antenna. All are housed in rugged cases
which feature aluminum frames and high-impact
plastic covers. Hallicrafters

Circle No. 22 on Reader Service Card

STEREO TUNER/AMPLIFIER
A solid-statc AM /stereo-FM tuner/amplifier
has just been introduced as the Model 2000A.
The unit has a music-power (IHF) output of
120 W at 4 ohms and 90 W at 8 olims and a con-
tinuous power rating of 43 43 watts at 4 ohms

ELECTRONICS WORLD
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and 3535 watts at 8 ohms. IHD 1s less than
0.8% at rated output. Amplifier frequency re-
sponse at normal listening levels is 10-50,000 Hz
+1 dB.

FM tuner sensitivity is 1.4 uV for 20-dB quiet-
ing and 1.8 uV (IHF). §/N ratio is better than
60 dB and selectivity is better than 40 dB at 98
MHz. Sterco separation is better than 35 dB at
1000 Hez.

A data shect giving full specifications on this
tuner /amplifier will be forwarded on request.
Sansui

Circle No. 23 on Reader Service Card

IM DISTORTION ANALYZER
An IM distortion analyzer which was devel-
oped to meet production-line requirements for
high-quality audio components is now available.
The new instrument features accurate measur-
ing capahility through 0.01% and guarantees a

residual IM level of less than 0.005%, with seven
full-scale ranges from [00% to 0.1%.

According to the company, operation is simple
enough for use by production-line personnel and
rapid enough to make possible sequential read-
ings across the entire power band in a matter of
seconds. Of solid-state construction, the analyz-
er uses FET's. The instrument measures 7" X
19” x 7”. Crown International

Circle No. 24 on Reader Service Card

ULTRASONIC INTRUSION ALARM

A new ultrasonic intrusion alarm, the “Crime
Alert,” can be sct up in minutes to protect areas
of approximately 200 square feet and a range of
15 to 20 feet.

Unauthorized movement activates the built-in
“*Sonalert™ alarm and any spotlights. sirens, re-
corders. or other devices plugged into it. The
unit is equipped with a 3-A. 330-W auxiliary out-
let to activate other protective devices.

The alarm can he powered from any [17-volt.
60-Hz a.c. outlet. Mallory Distributor

Circle No. 25 on Reader Service Card

MEGOHMMETER

A compact megehmmeter which weighs only
17 ounces, measures %" x 3%2” x 27", and
indicates resistances to 100 megohms at 300 volts
d.c., is now on the market as the Model 2001
*Meg-Chek.”

Designed for field or shop-testing applications
where hulk and expense must be minimized. the
instrument is a one-hand, push-button operated
unit.

The megohmmeter is powered hy penlight
cells. It employs transistors, printed circuits, and
a taut-hand meter for maximum stahility and
long life. A leatherette carrying case protects the
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instrument and provides space to store two 5-toot
test leads and the operating manual. Associated
Research

Circle No. 26 on Reader Service Card

BLANK 8-TRACK CARTRIDGES

Blank 8-track *‘Scotch™ brand cartridges, 40
and 80 minutes in length, are now available to
provide the home recordist with convenient
lengths for recording desired programs.

The tape is a hcavy-duty type featuring special
lubricated backing designed for clean, smooth
continuous-loop operation. Cartridges are pack-
aged in a box with reusable sleeve which pro-
tects the tape from outside contaminants and
supports the cartridge for upright bookshelf stor-
age. A pressure-sensitive label is included with
cach cartridge. 3M

Circle No. 27 on Reader Service Card

SOLDERING TOOL

The new “Tempmatic™ GT7A is an all-purpose
electronic and clectrical service tool which can
replace most irons and bulky soldering guns. The
pistol-grip tool is transformerless and weighs a
scant 7 ounces. Its interchangeahle plug-in pow-
erhcad automatically regulates temperatures of
the *15” workpoint so that it does not exceed
700° F and a long-reach barrel permits soldering
in tight places. Extra powerheads are availahle.

The tool operates from 120-volt, 60-1z a.c.
Weller Electric

Circle No. 28 on Reader Service Card

QUARTER-TRACK RECORDER
The Uher “Variocord 263" is a quarter-track
stereo machine which can be equipped with an

optional two-track head assemhly which. when
used with the four-track head, provides sound-
with-sound performance.

Wow and flutter is 0.05% at 7% in s, fre-
quency response is 30-20,000 Hz at 7% in/s. and
power output is 6 watts r.m.s. per channel. Built-
in sterco monitoring speakers are automatically
silenced when external speakers or stereo head-
phones are connected. All input and output con-
nections are made with plugs and jacks, eliminat-
ing screw-type fastenings.

The unit is housed in a hrushed silver, gray,
and walnut enclosure which measures 172" x
134" x 7”. The recorder may he operated in any
position. Martel Electronics

Circle No. 29 on Reader Service Card

V.H.F. FM RECEIVERS

Two FM reccivers for operation in the 30-30
MHz and 144 MHz hands have heen introduced.
Both units feature a complete assortment of op-
tional equipment, including a sequential tone
alarm decoding facility.

The radios are availahle in four model desig-
nations. Model TM II-HI has a single-channcl.
narrow-band reception capahility in the 144-172
Mliz band. The TM II-L1 is the same for opera-
tion in the 30-50 MHz range. Models TM 1I-H2
and L2 feature six-channel reception capability
in their respective frequency ranges.

Sensitivity for all models is rated at 0.54V and
selectivity is set at 50 dB =15 kHz. Audio output
is 5 watts maximum.

(Contintied on page do)
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There's certainly nothing top secret about
the classified pages in Electronics World
Magazine. They're wide open to the search
ing eyes of every buyer who's in the market
for the product or service that he knows
can be found in Electronics World's Elec-
tronics Market Place.

The more than 177,000 buyers of Elec
tronics World, largest readership of any
magazine for electronics professionals in
the world, are your guarantee of knowing
that your ad is being read by people who
are constantly looking for and buying elec-
tronics products. It is these people to
whom you MUST direct YOUR advertising
as do the many key advertisers appearing
in this issue and in each issue throughout
the year.

No doubt about it—there’s a vast market
of buyers searching the classified adver-
tising pages of Electronics World and it's
important that your ad be exposed to this
prime buying audience. Prove to yourself
that the leading magazine for electronics
professionals MUST ALSO be the leader in
sales responses to the many classified ads
presently enhancing its pages—it makes a
great deal of sense—give it a try. I

See classified section for rate information
or write to
HAL CYMES, Classitied Advertising Mgr.
ZIFF-DAVIS PUBLISHING COMPANY
One Park Avenue, New York, N. Y. 10016
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“He’s a good worker.
I'd promote him

right now if he had

more education
1n electronics.”

Could they be talking about you?

You'll miss a lot of opportunities if you try to get along
in the electronics industry without an advanced edu-
cation. Many doors will be closed to you, and no
amount of hard work will open them.

But you can build a rewarding career if you supple-
ment your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.

Going back to school isn't easy for a man with a

76

g

full-time job and family obligations. But CREl Home
Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.

CRE! Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fits your career objectives.

ELECTRONICS WORLD
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The receivers operate on 117 volts a.c. with
accessories for 12 V d.c. or internal NiCad bat-
tery power supply available. Regency

Circle No. 30 on Reader Service Card

BEHIND-THE-SET SPLITTERS

To split combined w.h.f.-v.h.f. and FM signals
from a single transmission line into their respec-
tive behind-the-set terminals, two new splitter
models—3030 and 7530 have been introduced.

The Model 3030 splits the signals from a 300-
ochm downlead while the Model 7530 has a 75-
ohm input. The Finney Co.

Circle No. 31 on Reader Service Card

AM/STEREO-FM TUNER

A moderately priced AM /stereo-FM tuner has
recently been introduced as the Model 23. The
tuner offers such features as signal-strength and
center-channel/ multipath meters, a patented
“Gyro-Touch” tuning mechanism, interstation
muting, IC’s, and a black-out dial panel.

Frequency response is 20-15,000 Hz =+1 dB,

FM sensitivity is 2.4 uV or better, and stereo
separation is 40 dB at 1000 Hz. The tuner uses
two FET’s and four IC’s and operates from 117
volts, 50-60 Hz.
The tuner measures 153" w. x 534" h. x
12V d. Marantz
Circle No. 32 on Reader Service Card

NEW MICROPHONE LINE
A new line of microphones that includes both
cardioid and omnidirectional models has been
introduced to meet the requirements of record-
ing, p.a., paging, and entertainment applications.
The omnidirectional microphones (MKO) are
available in seven different models which can be
used as hand-held, stand-mounted, or lavalier
units. The cardioid microphones (MKC) are
available in five models.
Complete specifications on these new micro-
phones will be supplied on request. Fanon
Circle No. 33 on Reader Service Card

STEREO AMPLIFIER

The “Citation™ line of audio components has
been re-activated with the introduction of the
“Citation Twelve” stereo amplifier.

Component parts are assembled on a single,
heavy-duty etched circuit board which plugs into
special non-corrosive connectors mounted on the
chassis. Two separate power supplies, each with
its own transformer and electrolytics, drive each
channel independently.

Frequency response extends to below 1 Hz and
beyond 100,000 Hz at normal listening levels.
Power bandwidth is flat from 5-35,000 Hz. Ac-
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cording to the company, distortion at all fre-
quencies from 20-20,000 Hz at full rated power
is virtually unmeasurable.

As with earlier units in this line, the Twelve
will be available in both kit and assembled ver-
sions. Harman-Kardon

Circle No. 34 on Reader Service Card

COLUMN SPEAKER

The new 1201B column speaker is designed
for use with the company’s A105 and A109 sys-
tems. It has a power rating of 50 watts continu-
ous power, a frequency response from 70 to
14,000 Hz, and an impedance of 8 ohms. The
system uses two heavy-duty 10-inch cone-type
speakers.

A pair of 1201B’s with a 60-watt control con-
sole can make a sound system suitable for small
clubs. The speaker is portable, weighing 35
pounds, and measures 30” x 11”7 x 14”. Altec
Lansing

Circle No. 35 on Reader Service Card

MANUFACTURERS' LITERATURE

WATTMETER DATA

A new four-page short-form catalogue (SP-70)
listing coaxial load resistors, absorption watt-
meters, and directional wattmeters is now ready
for distribution.

The featured product is a portable peak (and
average) reading directional r.f. wattmeter which
has been equipped with a battery charger/elimi-
nator for extended bench use.

In addition to providing basic performance
specifications and prices, the new catalogue also
describes related customi-built accessories such as
coaxial flters and a new self-cooled 10-kW r.f.
terminating system. A aseful chart of r.f. letter
band designations with their associated frequen-
cies is also included. Bird Electronic

Circle No. 36 on Reader Service Card

TAPE-RECORDER MIKES

A handy chart which permits the selection of
the correct microphone for use with any tape re-
corder has been issued.

Since some recorders need 200-, some 500-,
and others 50,000-ochm microphones or require
specialized or European plugs, this handy cross-
reference permits the user to find the proper mike
for his unit immediately.

The company has four replacement micro-
phones designed to fit over 90%, of all recorders
and cassettes on the market. The cross-reference
chart is designed to assist in picking the right
one. Mura Corp.

Circle No. 37 on Reader Service Card

ELECTRIC CLIPS

An 8-page catalogue which lists a complete
line of electric clips and insulators for quick,
temporary electrical connections has been issued
as Catalogue No. 350.

Specifications are given for each clip and the
line is fully illustrated. Included are miniature,
alligator, insulated alligator, crocodile, “Pee-
Wee,” general-purpose test, heavy-duty test, and
battery clips. Also listed are welding ground
clamps, a general ground clamp, and plier-type
clips for automotive battery booster cables and
battery chargers and testers, etc. Mueller Electric

Circle No. 38 on Reader Service Card

MICROFICHE SCHEMATICS

A microfilmed parts listing and service refer-
ence for television, radio, tape recorder, and re-
cord player models is now available. The new
listing is described as the start of a whole new
data system that is geared to save time and speed
up replacement parts service. Designed for dis-
tributors, the new system will be used primarily
at parts counters for quick identification of the
company’s components.

The easy-to-use index and 14 uniquely ar-
ranged microfiche cards, designated PAR-1, show
parts lists and schematics covering a six-year
period—or equivalent to the data contained in
over 125 parts data books. The current series
covers models released during 1962 through
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1967. Supplementary data covering 1968 through
1970 will be issued shortly. RCA Parts and Ac-
cessories

Circle No. 39 on Reader Service Card

VARIABLE TRANSFORMERS

A two-page bulletin, GEA-8114A, describing
a line of plug-in “Volt-Pac” variable transform-
ers for laboratory or machine-shop applications
is now available for distribution.

Suitable for heat control, motor-speed control,
appliance testing, lamp intensity control, and
other applications requiring adjustable a.c. volt-
age, the units are available in 120- or 240-volt
models.

The brochure includes ordering information,
dimensions, and line-voltage connection instruc-
tions. General Electric

Circle No. 40 on Reader Service Card

TEST EQUIPMENT/COMPONENTS
A new 48-page catalogue which lists an exten-
sive line of test equipment, meters, power sup-
plies, waveguide and coaxial components, and
special components from over 100 manufacturers
both here and abroad is being offered as Cata-
logue No. 32
The units are listed, pictured in most cases, and
a brief description of performance specifications
given. Prices are included for each item in the
catalogue. Bayton Electronics
Circle No. 41 on Reader Service Card

POWER SUPPLIES

Nine new lines of d.c. power supplies are
covered in a new catalogue supplement just is-
sued. Most of the new models were introduced
at the IEEE Show in March.

Pictured and described are a new LV series of
high-efficiency, low-ripple power modules de-
signed to power TTL, ECL, DTL, RTL, and
HTL logic; the LW serics designed for powering
transistor circuitry, relays, motors, lamps, and
solenoids; the LXD-3-152 dual-output tracking
power supply for op amps; an IC regulated lab-
oratory supply with built-in tracking overvoltage
protection; and an LCS-A package modular sup-
ply that is IC-regulated and available in 19 fixed
voltage models to 150 V d.c. and up to 3 amps
and five wide-range models to 120 V d.c. up to
2 amps. Lambda

Circle No. 42 on Reader Service Card

HAM ANTENNAS
An 8-page, two-color brochure that pictures
and describes the “Hustler Ham” line of an-
tennas for fixed-station and mobile, high-fre-
quency, v.h.f. and u.h.f. amateur band coverage,
mobile antenna accessories, and s.w.r. bridges is
now available. New-Tronics Corp.
Circle No. 43 on Reader Service Card

LOGIC HANDBOOK

Digital Equipment Corporation, Maynard,
Mass. 01754 has just issued the Sixth Edition of
its 448-page “Logic Handbook.”

The book includes an introduction to solid-
state logic, application notes, description and
prices of more than 200 standard logic and ac-
cessory items available from the company, as well
as data on logic modules that are provided for
interfacing the firm’s older computer lines.

For a copy, address your letterhead request to
Department P of the company.

HYBRID-CIRCUIT CHART

Sylvania Electric Products Inc., 1100 Main
St., Buffalo, N.Y. 14902 is offering a new guide
to thick-film hybrid circuit design in chart format.

The guide contains hybrid-design guidelines,
packaging information, and data on active de-
vices, substrate materials, capacitors, and com-
mercially available inks. Typical parameters of
key hybrid materials are listed and given visual
representations in the guide to provide the user
with a comprehensive source of information.
The chart folds to a convenient 8” x 117 size
for filing or opens to 15” x 22” for wall mount-
ing.
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Deltron, Inc., Wissahickon Ave., North Wales,
Pa. 19454 has just issued a new 32-page power-
supply catalogue and engincering manual. The
publication gives detailed information on eleven
separate lines of standard power supplies includ-
ing modular types, system supplies, laboratory
units, and special-purpose types for operational
amplifiers and IC’s.

A complete family of accessorics and options,
including rack adapters, meter panels, crowbars.
over- and under-voltage detectors, and other re-
lated items arc also pictured and described.

Address letterhead reguests to the attention of
the Power Division of the company.

HYBRID MICROCIRCUIT DESIGN

Circuit Technology Incorporated, 160 Smith
St., Farmingdale, N.Y. 11735 has published an
authoritative 28-page “Hybrid Microcircuit De-
sign Manual for the '70’%s.”

Included are specific and detailed listings of
the benefits to be derived from hybrid micro-
circuits, a comprehensive survey of equipment
and facilities for producing the microcircuits, tips
for hybrid-microcircuit designers, listings of
standard components which may be used in hy-
brids, and typical circuits with circuit diagrams
and complete specs.

ITFS HARDWARE CATALOGUE

JFD Electronics Corp./Systems Division, 15th
Avenue at 62nd St., Brooklyn, N.Y. 11219 has
issued an 8-page catalogne of hardware for
equipping school districts and individual schools
with complete Instructional Television Fixed
Service (I'TFS) 2500-MHz microwave systems,

Available on letterhead request, the new pub-
lication covers 10-watt transmitters. mini-power
transmitters, micro-power transmitters, repeaters,
receiving systems, down converters, distribution
systems, transmitting and receiving antennas, ac-
cessories, and calibration equipment.

COMPONENT SELECTOR

The Marketing Services Department of Cornell-
Dubilier Electronics, 150 Avenue “L,” Newark.
N.J. 07101 has just issued a new edition of its
“Component Selector.”

The 120-page guide contains listings of all of
the irm’s “Sprint” standard stocked items, along
with extensive engineering data on them. New
lines of standard stocked items are also included:

filters, enclosed general-purpose relays, dual-
temperature-rated tantalum foil capacitors, and
others.

SELENIUM RECTIFIER DATA

The Semiconductor Division of International
Rectifier, 233 Kansas Street, El Segundo, Cali-
fornia 90245 is offering a new 40-page, illustrated
engineering brochure, B-108, covering an exten-
sive line of selenium rectifiers, transient voltage
suppressors, and contact protectors.

Each type of selenium device or assembly is
presented in an individual section giving appli-
cation information and features along with illus-
trative drawings, graphs, charts, and photographs.
Replacement lists are included in the book giving
other part numbers cross-referenced to the equiva-
lent IR device.

Address your letterhead request to Dept. 781
of the company.

DUAL IN-LINE ASSEMBLIES

A single-page engineering bulletin (No. 22,500)
describing a group of assemblies which provide
various configurations of resistance and capaci-
tance for use in data and signal-processing sys-
tems is now available from Sprague Electric.

A copy will be sent upon letterhead request
addressed to the company at 115 Northeast Cut-
off. Worcester, Mass. (1606.
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Answers to C.E.T. Test, Section #5

Published in Last Montl’s Issue:

Internal arc-over or other meter damage may result from the very
high a. c. pulses in either of these output stages.

This is a good method of determining shorted windings in tube-
type receivers. If ‘B4’ boost voltage rises when the yoke is dis-
connected, it is an indication yoke is at fault.

By disconnecting the H.O. stage plate cap, the screen then draws
excessive current and in seconds will be permanently damaged.

Usually a squeezed raster at the bottom indicates output section
trouble, and at the top probably oscillator section fault. Open
linearity capacitor should cause bottom raster trouble.

When any tube or other part is changed in the horizontal or high-
voltage section, the high voltage shou!ld be checked and reset to
manufacturer’'s recommended level.

300 mA is the “closest” answer, actually it may be excessive and
recommendations should be followed exactly.
However, it is the best answer.

They help damp any tendency for the yoke to oscillate at its

Commercial adapters are sold for fitting between the damper tube
and its socket. These are used to add this capacitance.

Rolling “‘up’ normally indicates vertical frequency is too low,
rolling ‘‘down” indicates too high vertical frequency.

The d.c. corrective voltage is used to control the frequency of

7~ LIBEKIT PATY MUKE! ~
WILL BUY FOR CASH

ALL TYPES:

* ELECTRON TUBES
* SEMICONDUCTORS
* TEST EQUIPMENT

* Military Electronic Equipment

WIRE—WRITE—PHONE COLLECT!
We pay freight on all purchases—

LIBERTY OFFERS MORE!
PRESTEL FIELD STRENGTH

METER
(Model §T46)

% Never Anything Like It!

% 1-Man Can Do A Better Job than 3 in the
Same Time!

* A Gold-Mine for Antenna Installers!
Calibrated from 40 to 230, and 470 to 860 in 4

Bands Megahertz, from 10 te 50,000 Microvolts.
Nothing makes it easier to properly and speedily find
the correct place to install TV, FM and Communica-
tion Antennas. You can measure and hear the signals
with this 414 volt battery economically powered unit,

LIBERTY ELECTRONICS, Inc.

548 Broadway, New York, New York 10012
Phone (212) 925-6000

CIRCLE NO. 132 ON READER SERVICE CARD

4 American Made

J High Speed Drill Bits
Worth As Much As $20
"r YOURS FOR ONLY

I BRAND NEW FACTORY SHARP
1 Each set includes from
1/16” to 1/4" high speed
N drills—professional quality
The same drills as used by industry ...
machine shops, professional carpenters.
Perfect for the home handyman. Prompt
delivery & your satisfaction guaranteed
You must be delighted or your money
back—no questions asked.

40 High Speed Drills viir.Only $3.49
Save! 2 Sets (80 Drills) ........ Only $6.49
add 35c postage and handling
CONSUMER’S BARGAIN CORP. Dept.EW2
225 Westchester Av., Port Chester, N.Y. 10573
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(N.Y. residents add sales tax)

Breadboard Kits—"RF" Kits—"PC"™ Kitz—Perf.
Phenolic Board—Copper Clad Board—Cowl Type
Electronic Cabinets—Heat Sinks—Solid State

Hobby Kits —Solderless Connectors — Hardware
Kits—Transistor Sockets and many mors idems.

Send for free catalog from: H. M. C. Sales, P.O.
Box 276—Santa Susana, California 93063
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 85¢ per word (including name and address). Minimum order
$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for

12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. All copy subject to publisher’'s approval. Closing Date: 1st of the
2nd month preceding cover date (for example, March issue closes January lst). Send order and remittance to: Hal Cymes, ELECTRONICS WORLD,

One Park Avenue, New York, New York 10016.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
anc file systems. Oelrich Publications, 4040
North Nashvul[e Avenue, Chlcago, III 60634.

GOVERNMENT Surplus Recelvers Transmltters
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant. Mass. 01908

METERS Surplus new, used panel or portable
Send for list. Hanchett, Box 5577, Riverside,
Calif. 92507

CONVERT any telewsnon to sensitive big- screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lilustrated
ptans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

INVESTIGATORS LATEST ELECTRONIC AIDS.
FREE LITERATURE. CLIFTON, 11500-J NW 7th
AVE., MIAMI, FLORIDA 33168.

TREASURE HUNTERS! Prospectors! Relco's new
instruments detect buried gold, silver, coins.
Kits, assembled models, Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston Texas 77018.

DIGITAL COUNTERS. CALIBRATION CERTIFIED:
0 Hz to 220 MHz:

Hewlett-Packard 524D (8 DUU's) 57 & B 950.00

Hewl-Pack 524C (8 big nunbers) & A& 15 995,00

Solid-State 7 lele C\l( T30CU & .1050.00
to 510 MH

Sabstitute 525C rm u in any above .150.00

10 Hz (O 220 MH
Beckman 7370 5 DoU'~ 7572 795.00
10 Hz to 1000 MHI
Beckman 7370 (H DOUU S) & 7370071 72/73..995.00

Add H.P, 5408 Trineicr 1ot oo e above . . 375.00
zZ WIT H

2.000 MH NO CALCULATIONS:
Beckman 7370 .\' DeU's) and 25580 .., .. 1295.00
Hz to 120 KHz:

ggn{l Pack 2:52h28 5 boeU's), Universal. .. .. 199.5
o over mhz. Universal:
A e (0 750,00

$2538.00 ACQ.-COSTFREQUENCY METER FOR $75.00!

AN/URM-7S (FR-4, U in Transit Casc): 100 I\hz Lo
20 mhz, 7 bands, each 50,000 dial div. .0u
decur., 0001 stabil. ures & Emits. Built- ll| \L
sply. scane for “he speaker for monitoring.
Sermal-nuched  calib. book  includes instruct. 3
cond.. money-Back griy UK. Shpg wi 146 Ibs.

$975.00 #658 SIGNAL GENERATOR FOR $295.00!

Veas. Corp. generitors from the test line of a mnlu

milliou- llull'u anho Mnfr, \VL hou;:m stri ¢

bul at t v =0 ell st

(lu right mic ]l]hlluC“l)l] Bookwith
AA’s

SiBut AL
658 is the

avorite because the CW can also be AM up to
lU(! . 73 khz to 30 mhz, manual or motor-driven
tuning. Calib. Vo 0.1 uv to 2.2 VOLTS jcross your

St ohm load,

SIGNAL GENERATOR SIMILAR H.P.'s 608D:
Marconi TF BOlD/l z. CW & AM up lo
QoL alibrated ea 1 2 and 5 mhz and mov-

able eur line indic
each zero gives neq
dard 50 ohm Zo rmm Ty
rately 0.1 uv 1o 1 Leakntre
sure. Capacity- umnled congactless turret handswiteh-
ing eliminates down time. Very handsome desieu,
carefully engineered $16530.00 instrument. Like new
.wyme;n-émr'o. cmnnlmgly overhauled, with calib. stick-
or certificate traceab to N.B.3
WiltheI200 k™G caell ¥ 4 BEE & [ bronils § dcmam & 595.00
CALIBRATED & GRTD OSCILLOSCOPES:
Tek 502 Dus) Beam. 0.2 mv/em, 1-100 khz . .475.00
Tek S04: 5 mv/cm sensitivity., 0.450 khz .450.00
- Plugzin ... 545.00
Yck 541A with 24 mhz dual-trace nluzm 850.00
Tek 543B 31 mhz scope & CA 2.t . ..999.50
Samie bt in rack-mtg eabinet 899.50
H.P. 17SA with 0-10 mhz 2-vace vertical
and calin. variable-delay sweener ... .999.50
H.P. 130B: 1 mv/cm sensit.. 0-300 khz . .. 350.00

IF YOU DON'T SEE IT HERE, ASK FOR IT!

But don’t ask for a general cnnll)L! . . . we believe
that is nonsensc in ;mpluc I . we gel new things
in almost every day E ALSO EUY' So teil us what

you have cnn.lmon. mid your asking price!

R. E. GOODHEART CO. INC.

Box 1220-A, Beverly Hills, Calif. 90213
Phone: Area 213 272-5707

82

| Controls. bells, sirens.

EUROPEAN wholesale new products catalog.
$1.00 refundable. Deecow, 10639 Riverside,
North Hollywood, Calif. 91602.

MUSIC LOVERS, CONTINUOUS, UNINTER-
RUPTED BACKGROUND MUSIC FROM YOUR
FM RADIO, USING NEW INEXPENSIVE ADAPT-
ER. FREE LITERATURE, ELECTRONICS, 11500-Z
NW 7th AVE., MIAMI, FLORIDA 33168.

ULTRA-SENSITIVE AND POWERFUL METAL
DETECTORS—join the many who are finding
buried coins. minerals, relics and artifacts.
Don’t buy till you see our FREE catalog of new
models. Write Jetco, Box 132-EW, Huntsville,
Texas 77340.

SENCORE, B & K TEST EQUIPMENT UNBELIEV-
ABLE PRICES. FREE CATALOG AND PRICE
SHEET. FORDHAM RADIO, 265 EAST 149TH
STREET, BRONX, N.Y. 10451.
SEMICONDUCTORS and Parts. Catalogue free
over 100 pages. J. & J. Electronics, Box 1437,
Winnipeg, Manitoba, Canada. U.S. Trade di-
rected.

ELECTRONIC ignition, various types. Free litera-
ture. Anderson Engineering, Epsom, N.H. 03239.

CONSTRUCTION PLANS: LASER . . . $2.00.
Listening Devices—two F. M. Mike Transmitters
. $1.00. Tail Transmitter . . . $1.00. Sound

- Telescope . . . $2.00. infinity Transmitter . . .

$2.00. Equipment and kits available. Howard,
20174 Ward, Detroit, Michigan 48235.

BURGLAR ALARM SYSTEMS and accessories.
hardware, etc. OMNI
GUARD radar intruder detection system, kit
form or assembled. Write for free catalog. Mi-
crotech Associates, Inc.,, Box 10147, St. Peters-
burg Florida 33733.

| MC790P—$2 .00, MC724P, MC 789P $1.05. Write

for catalog. Hal Devices, Box 365Z, Urbana,
IHlinois 61801.

ELECTRONIC PARTS, semiconductors. kits. Free
Flyer. Large cataloge $1.00 deposit. Bigelow
Electronics. Btuffton. Ohio 45817.

ELECTRONIC COMPONENTS—Distributor prices.
Free catalogue. Box 2581, El Cajon, California
92021.

STROBES, color organs, the incredible Strobit.
NEW! Heavy-Duty CD ignition. ELECTRIC CAN-
DLES for flameless candle-light. REMOTE
(WIRELESS) SWITCH for anti-prowier system.
TOUCH SWITCH for space-age lamps, lights.
ASSEMBLED and KITS. Send 25¢. specify in
terest. Teletronics, Box 1266 B, South Lake
Tahoe, Calif. 95705.

TECHNICIANS & ENGINEERS. Teach yourself
Computer Logic and advance professionally.
COMP-U-KIT Logic Lab with modern type 74
microcircuits, a quality patch system, and our
outstanding logic handbook is only $39.00 post-
paid. Free literature. Scientific Measurements,
C109, 9701 Kenton, Skokie, Illinois 60076.
TRANSISTOR Quick Test Adapter for your scope.
Transistorized Circuit $21.95. Kit $14.95. Micro-
craft, 105 N. Austin, Rockport, Texas 78382.

ELECTRONIC Auto Sentry uses Computer Inte-
grated Circuitry—cannot be defeated! details:
Logic Technology, Box 394, Milpitas, California
95035.

LINEAR AMPLIFIERS: ‘“‘Hawk’ —25 watts output
—$99.95, "Raider’'—100 watts—$139.95; ‘‘Mav-
erick-250"—250 watts—$244.95. AM/SSB. “‘Scor-
pion’” 50 watt 12 volt mobile—$99.95; ‘‘Bandit
117100 watt mobile—$169.95.20-35 megacycles.
(lllegal Class D 11 meters.) Dealer inquiries in-
vited. D & A Manufacturing Co., 1217 Avenue C,
Scottsbluff, Nebraska 69361.

COLOR ORGAN Module. 300w AC $5.00, Ham-
mer Electronics, RFD1, Elkins, West Virginia
26241,

INTEGRATED CIRCUITS/ RECTIFIERS

SEMICONDUCTORS S TRIACS

A SCR’s) G sets/%

NURostud 130 amp. xmunms
20 amps SCR's.) 4 sets/$1.0

Post Office Box 74B

www americanradiohistorv com

] N.-CHANNEL FLTI'S TO- IH pl:
-0 G ow it T LCaRite. /5ar S IBRE OPTICS
volls source Lo gate, 30 ma gue cur-
BRY, 20A | il Gain 16 9000 wmho’s. E PVC packet . . - 133/1t
100 1.20 | TRNEE??I; LIGHT OR NIX|§ TUBE ‘ COMPLETE LIGHT
DRIV An NPN 1\ Tran- GUIDE BUNDLE
;002 1.75 sistar. With a VOBO of 120 3/81.00 '},’r s ,‘D lengun_of
2.25 fiver oplies \\|x|
TTL IC SERIES hnund eud\ ........%$2.00 ea.
400 2.75 DECADE DIVIDER ... .. TR
R 112 Duai JK Flip FI
_ 5,007 _3.2s | MC 415 JK Flip Flo m & 5 AMPLIFIER . ... . ... .. $ .90
| 4M%4OSB Dual %lnput NAND/NOR 709C OPERATI $1.45
1 torage egister 5 | AMPL, ...l .
ER900 TRIGGER DIODES. These | mcC l403 Exclusive or with Com .85
bidirectional trigger diodes are | M¢ 2057 ’Bu‘;. ACionut ANGYS .'; | Controlled Avalanche or
one of the best and cheapest GA Edganf e TG Jemp B oy .85 Epoxy Rechﬁers 1 AMP.
methods  to tngger SCRS @nd Silicon Power Rectifiers | PRV _
triacs . . 3/$1.00 - _ — 100 07
[ PRV 3A | 12A | 30Aa =
|T200 (os [ .30 | .so ||| o0 L0
UNIJUNCTIONS! |~200 T 16 T 35 son| [ 400 | .11
Similar to 2N2419. RBB of 5-7 stand | |~ 406 | .20 | as | 120 | | 600 | .16
off ratio of .6 .—md Ip of 12 with data 2V e - | 800 | .20
sheot $1.00 600 30| 70 1.50
—a60 | 40 |65 | isd 1000 | .30
SE 161 One Shots . .. - A = Silicon Control Rectifiers
USSOB Fult Adder .. — £
13 Register . (|| mzioa oL =S ST NI IIMTOL WIL_f2¥20 [CPRV | 3A T 7A | 20A | 70A
08330 I oo o, FermS: FOI Cambridge. Mass ‘ 50| .35 .45 .70 |
Send check or Moncy Order urle T T 1 T T 4.00
MOUNTING HARDWARE KITS. Postugre. Average Wi, per pickie | (—100 | SO [ .65]1.00 | 4.00]
These Klts are used to mount ou RN OGEORDN M in im0 £d 3 2001 .70] .95 11.300 8.00
A " IE1-30 JENS00
s Zeners aml Rectitiers wie. $3:00 300 | .90 | 1.25(1.70 ]
6x32 stud i3, amp rectlhorS. WE LEAD THE wAY 1 1.20 | 1.60 | 2.10 | 12.00

IN SERVICE AND QUALITY!
Rareil companies 30 davs net

Send for our Iatest catalog featuring Transistors and Rectifiers; 325 Elm St.,, Cambridge, Mass.

Somerville, Mass. 02143
CIRCLE NO. 122 ON READER SERVICE CARD

500 | 1.50 | 2.00 | 2.50 | I
600 | 1.80 | 2.40 | 3.00 | 16.00

Tel. (617) 547-4005

ELECTRONICS WORLD
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LEARN TO REPAIR T.V. TUNERS—How | Earn
$10 per hour. Introduction, Contents, Details of
Complete Course. Twelve REPAIR TRICKS,
PLANS for Special Probes and Power Supplies.
Two Complete Sample Lessons. All for $1. Re-
fundable. Frank Bocek, Box 832, Redding, Cali-
fornia 96001.

COLOR ORGANS, Light displays, posters. Deal-

ers welcome. KAS, Box 384Z, Beltsville, Md.
20705.

FREE-Digital IC, op-amp, transistor, decade
counter, Nixie and 7 segment readout, light-

emitting diode readout, MS1-Giant 40 page cata-
log and application notes. Also DVM, digital
counter, digital clock kits. EPD, Box 326, La-
fayette, Ind., 47902.

67KC SCA ADAPTER, manufacturer's closeout
on this model. The missing link between FM
tuner and audio amplifier if you want com-
mercial free music. Solid state demodular
board wired and tested. Operates on 9 to 30
volts. Variable gain input and adjustable mute.
Easily switched in and out. Packed with instruc-
tions and station lists. All orders shipped post-
paid same date as received, anywhere USA
$17.50 each. Marvin Industries, Box 551, Hud-
son, Ohio 44236.

THE SOLID STATE SWITCH FROM MONSANTO.
Single pole—single throw dry circuit switching
of low tevel voltages. Up to 10 volts at 10 milli-
amps with 900 volts isolation between emitter
and detector. The H-6 is ideal for your design
project. Order one now for $5.00. Data sheet
and instructions included. Monsanto Company,
Hobby Section, 10131 Bubb Road, Cupertino,
California 95014.

PLANS AND KITS

ROCKET Plans Proven, catalog 10¢. Rockets,
P.0O. Box 7274, Long Beach, California 90807.

ELECTRONICS ENGINEERING
AND INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Bookiet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.

DEGREE in Electronics Engineering earned
mostly by correspondence. Free brochure, Dept.
G-9, Grantham School of Engineering, 1505 N

Western Ave., HoIIywood California 90027.

FCC First Class License in six weeks—approved
for Veterans Training. Schools in Dallas, Attanta.
Chicago, New Orleans, Minneapolis and Hous-
ton. Write Elkins Institute, 2603C Inwood Road,
Dallas, Texas 75235.

R.E.l's famous (5) week course for the First
Class Radio Telephone License is the shortest,
most effective course in the nation. Over 98%
of R.E.I. graduates pass F.C.C. exams for 1st
class license. Total tuition $395.00. Job place-
ment free. Write for brochure Radio Engineering
Incorporated Schools, 1336 Main Street, Sara-
sota, Florida 33577—or 3123 Gillham Road, Kan-
sas City, Missouri 64109—or 809 Caroline Street,
Fredericksburg, Virginia 22401—or 625 E. Colo-
rado Street, Glendale, California 91205.

ELECTRONICS! Associate degree 29 months.
Technicians, field engineers, specialists in com-
munications, missiles. computers, radar, auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Vailparaiso, indiana
46383.

FCC First Class License in three-four weeks.
Schools in Nashville, Jacksonville, and Philadel-
phia. Write: American Institute of Radio, 2622
Old Lebanon Road, Nashville, Tennessee 37214.

MEMORIZE, STUDY: “1970 TESTS-ANSWERS"
FOR FCC FIRST AND SECOND CLASS LICENSE.
Plus ‘“‘Self-Study Ability Test.” Proven. $5.00.
Command, Box 26348-W, San Francisco 94126.

TAPE AND RECORDERS

BEFORE renting stereo Tapes, try us. Postpaid
both ways — no deposit — immediate delivery.
Quality — Dependability—Service—Satisfaction—
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hialeah, Fla.
33012.

RENT 4-track open reel tapes—all major labels—
8,000 different—free brochure. Stereo-Parti, 55
St. James Drive, Santa Rosa, Calif. 95401.
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STEREO TAPES, save 20, 30% and more, post- |
paid anywhere US.A. We discount batteries, |
recorders, tape/cassettes, 80-page catalog 25¢.
SAXITONE TAPES, 1776 Columbia Road, N.W.,
Washington, D.C. 20009.

OLD Radio Programs on tape. 6 hours for r $8.00.
Catalog 50¢. Don Maris, 1926 Cherokee, Nor-
man. Okla. 73069.

CASSETTES, Pre-recorded Spoken Word—over
100 titles—educational, including language.
Cassette and 8-track Blanks plus many acces- |
sories. Send 10¢ in stamps or coin for latest
literature. Cassettes Unlimited, P.O. Box
13119W, Pittsburgh, Pennsylvania 15243.

TUBES

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers, Purchasing
Agents. TV/HiFi Servicemen and Hams for 20
years. Write for Catalog or call 212-WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jer-
icho Turnplke Mineola, NY 11501 |

TUBES—33¢ each. Year guarantee Tuner Clean
er $1.00. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

TUBES——Lowest prices. Fore|gn Amerlcan Ob-
solete, receiving, special purpose, transmitting
tubes. Send for tube, parts catalog. United Radio
Company, 56-E Ferry St.,, Newark, N.J. 07105.

WANTED

QUICKSILVER Platlnum Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal, Nor-
wood, Mass. 02062

QUICK CASH . . . for Electromc Tubes, Seml
conductors, Equment (Receivers, Transmit-
ters, Scopes, Vacuum Variables, etc.) Send lists
now! Write: BARRY ELECTRONICS, 512 Broad-
way, New York, N.Y. 10012 (212-WA 5-7000).

DO-IT-YOURSELF

|
PROFESSIONAL ELECTRONICS PROJECTS—
$1.00 up. Catalog 25¢. PARKS, Box 25665A, |
Seattle, Wash. 98125.

PSYCHEDELIC LIGHTING MANUAL! Make light-
machines, strobes, organs, kaleidoscopes, etc.
Send $2.00. Lightrays Company, 713-A Pine,
Philadelphia, Pa. 19106. |

RECORDS

SPECIAL interest records avaIIabIe produced by
the editors of the world’s leading special in-
terest magazines. Send for free catalog. Record
Catalog EW, Ziff-Davis Publishing Company,
One Park Avenue, New York, N.Y. 10016

POPULAR organ albums factory direct. “Concert
Recordmg, Lynwood, Calif. 90262.

OLDIES—45 RPM—original hits. Over 4000 avail- |
able. Catalog 25¢. C & S Record Sales, Box 197,
Wampsville, N.Y. 13163.

HIGH FIDELITY

FREE! Send for money saving stereo catalog
E-7W and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values, Inc., 200 West
20th Street, N.Y., N.Y. 10011. |

HI-F1 Components, Tape Recorders at guaran-
teed “We Will Not Be Undersold’ prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (L) East 149th Street, New York 10451.

HI-FI components, tape recorders sleep Iearmng
equipment, tapes. Unusual Values, Free cata-

log. Dressner, 1523 R Jericho Turnpike, New |
Hyde Park, N.Y. 11040.

i
= [

HI-FI EQUIPMENT—GET Our “ROCK BO‘I‘I’OM"I
prices on NAME BRAND amplifiers—tuners— |
tape-recorders — speakers FRANCHISED — 60
YEARS IN BUSINESS. Write for this month's
specials—NOW! Rabson’s 57th St., Inc.,, Dept.
569, 119 W. 57th St., New York, New York 10019.

LOW, LOW quotes: all components and re-
corders. Hi-Fi, Roslyn, Penn. 19001.

www americanradiohistorv com

| CIRCLE NO. 140 ON READER SERVICE CARD

Ll
RECTIFIERS & TRANSISTORS
Silicon Rectifiers
PIV_| 25| 50/100| 200/ 400 600] 800(1000/1200,
1A® | —|.03] .04/ .06| .08] .10| . 14] 17| .22,
=i

'18A°°[.09/.15| .19/ .29] .39] —[_
20A |.15/.20| .25/ .39 .50( .75! .90|1 15I140
40A |.25(.35/ .60/ .90/1.20/1.50(1.80/ 2.10) 2.40
*Tophat. Flangeless. ®**Pressfit. 3, 20, 40 Studs
Silicon Controlled Rectifiers

1500 PIV [ PRV | 25 | 50 100 200 | 400 | 600
RECT. | 1A° | —[ —| —[.30 .55 .85
STUD | 7A | .111.14].20| .45 .90 1.20
1AMP [18A**/.15/.231.35 .60 1.10 1.40
25¢ EA. | 208 [.18 .32 |.45 (.70 [1.15 [1.95

*Tophat **Pressfit, 7 & 20 Amp Stud
Germanium Power Transistors
150W-T0-3-7A
2N456A—40V—.25 2N 458A— 80V—.45
2N457A—60V—.35 2N1021A—100V—.60
2N1038—40V—8/$1.00—20W T0-5-3A
Silicon Power Transistors
2N 389A B5W, 60vV—.55 2N1047A 40W, 80vV—.40
2N 424A 85W, 80V—.65 2N1718 10W 60V—.15
2N 497 4W, 60V—.10 2N1724 S50W 80V—.65
2N 498 AW, 100V—.12 2N2151 30W 80V—.25
Silicon Small Signal NPN, TO-s
2N696 7/$1.00, 2N697 6/$1.00, 2N699 5/§1.00
3N34 Tetrode—60¢; IN34A Diodes 100/$2.98;
2N1142 Ger. Hi-Freq. Amplifier 3/$1.00; Thermistor
Beads, 5000 ohm or 1200 ohm—3/§1. 00 Varicaps—
27,47, or100pf,4V—$1.25ea.; P.C. Bnard5"x7"x'/|5"-
1 oz. Cnpper—3/1 00; Phntn Cells, Herm. Glass, 5
Diff. for $1.00; 2N1300 Series, T0-5 Assorted— 25/
$1.00; R.F. Coil Assort. 25/$1 00, I.C. T0-5—-15/
$1.00. Epoxy Diodes, 200 MA, 3000 Piv 49¢, 6000
98¢, 10 Watt Zeners 7 Voit Thru 185 Volt 49¢, P.C.
Connector 15 Contact 2/$1.10.
ASSORTMENTS
Precision resistors film

Pr S Wir d
Ferric Chloride Etchant, 16 oz.
Relays 6 different types ...
Terminal lugs, assorted .
Tie lugs, assorted ... ...
Push button switches, on-off, pan
Pots, 2-4 watt, different .....
Free $1.00 pack with $10.00 order; min, order $3.00;
send sufficient postage, overage refunded; fully
guaranteed; free catalog. 25% down on COD's.

GENERAL SALES CO.
254 E. Main St. (713) 265-2369
Clute, Tex. 77531

4 PEPS

Dollar Sale
EACH PACKAGE
MONEY BACK GUARANTEE

1 AmP ZENER—DIODES
Silicon Rectifier 250-400 MW
Choice of Package 1 EA 4V-6V-8V.10V
Bullet-Glass-Min-Metal | — oo
1 20-50v 0 5-800V 1 WATT
Qiiey gy L EA vy v-10v
3 AMP 3 WATT
O 15-50 ) 4-600V 12-40v 8-$1
O 10-100V 0 3-800V
O 8-200 O 2-1000V
O 5-400V O 1.1200 16 Bit Memory Cell-$4.25
Dual ip-llne package
5 AMP —
% ?;"138‘; B ggg% SILICON-CONTROLLED
Geany Q2 105 PACRAGE
O 5-300V O 1 l”()UV LRIAE) RS
O 5-50V 2.200V $1.00
12 AMP STUD 0 4-100v 2.400V $1.25
O 5-100V O 2-800V
08500y 0 1-1oowy 7 AMP SCR
| 4-50V $1.00  1-300V $1.00
0 45 2[1(\) T 300V 1.0 1-800V 1.50
0 §-100V g Tty 2-200V 1.00

1. C. SUMMER SPECIAL
14 lead dual in-line package. Perform
same function as 7,000 series.
Master Slave Flip Flop . .75¢ each—5 for $3.00
Quad 2 input nand gate . .75¢ each—5 for $3.00
CIRCUIT BOARD COLOSSAL
3 different groupings to choose from
Typical samples below

A) 4 1.C. mounting blocks—3 transistors—over
25 resistors complete with board! Price $1.25

B) 32 transnstors—over 100 resistors—capaci-
tors—8.C.R.’s over 15 diodes—complete with
board! .......... . . Price $1.75

C) 22-14 lead dual in-line I.C.’s—over 75 diodes
—capacitors—20 transxstors—over 50 resis-
tors-——complete with board! . Price $4.50

NO SALES TAX—WE PAY POSTAGE
OTHER PRODUCTS ON REQUEST

PARK ELECTRONIC PRODUCTS
P.0. Box 78, N. Salem, N.H. 03073

603-893-0276
e 3 S T e |V I T A
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We Offer A Whopping

15% Discount’

on these special items
in quantities of 10 or more

MOTOROLA

30-50 MHz Mobile Units
Motorola T41GGV 30-50 MHz, 6/12v. 30 watt,

vibrator power supply fully narrow $108
band, complete with accessories . .. .
Same as above, T41G series ... .. .. $ 38.
T51G Series vibrator power supply 98
TX narrow band .. ... .. . .. .. . $ -

T51GGV vibrator power supply TX, 118
narrow banded RX wide band . ..... $ .
Fully narrow band (TX & RX) . .. .. .. $138

Above prices include accessories
(Less accessories, deduct $20.)

Motorola TA4AAYV_450-470 MHz 6/12 volt,
15 to 18 watt,
complete accessories $ 48.

Motorola U44BBT 450-470 MHz 12 volt, 15
watt transistor power supply with private
line (dual squelch) complete

with accessories $198

Less PL

since 1959. Write: Arkay Electronics, 1028-02

Commonwealth, Boston, Mass. 02215.

SAVE over 33Y; on a pair of one of the world’s
best speaker systems shipped direct to you
from factory. Try them in your home for thirty
days. Write KGLL Inc., Water St., Lewiston,
Maine 04240.

DIAMOND NEEDLES AND STEREO CARTRIDGES
at low, low prices for Shure, Pickering, Stanton,
Empire, Grado and ADC. Send for free catalog
and price sheet. We will be happy to quote on
any cartridge—Magnetic, Ceramic or Crystal.
All merchandise brand new and shipped PRE-
PAID. LYLE CARTRIDGES, Dept. E, 265 East 149
Street, Bronx, New York 10451.

STEREQ COMPONENTS at low discount prices.
Send for our low quotes today and our cartridge
trade-in specials (Shure, ADC, Pickering, Em-
pire, etc.) Send $1.00 for our discount catalog.
DEFA ELECTRONICS, 2207 Broadway, New York,
N.Y. 10024.

STEREO TAPE TRANSPORT—7" reel—2 speeds—
pause control—made for famous manufacturer
—50 to 15,000 Hz-—with rec/play and erase
heads, without case. Send m.o. or check for
$19.50 to Stereo Center, 218 Columbia St.,
Utica, N.Y. 13501. $2.50 for prepaid shipping
and insurance.

PROFESSIONAL STEREO TONE ARM—Similar to
Shure M232 or Rek-o-kut $320. Plug in shell,
finger lift, adjustable counterweight, no springs,
arm rest, heavy connecting cables with pin
plugs, beautifully balanced. One year warranty.
Made by famous turntatle-arm manufacturer in
Switzerland. Send check or M.O. for $9.50 plus
$1.50 for shipping and insurance. Stereo Center,
218 Columbia Street, Utica, New York 13480.

GENERAL ELECTRIC
PROGRESS LINE

2-WAY MOBILE EQUIPMENT
30-50 MHz MOBILE UNITS

14" case, complete accessories,
fully narrow banded

MA/E13-6/12 volt, 30 watts,

vibrator power supply R $148
MA/E16-6/12 volt, 60 watts, DT
vibrator power supply . ... ... $178

450-470 MHz—14" case compiete accesso-

ries MA/E42, 6/12 volt, 15 watt,

vibrator power supply . $118
MT42-12 volt, 15 watt, transistor
power supply

complete with accessories. . . . . $148

Motorola and RCA EQUIPMENT
AT NEW LOW PRICES

Reconditioned & Used FM 2-Way Radio Equipment
We Buy Late Model Equipment for Cash

SEND FOR NEW 1970 CATALOG

i ey GREGORY
ELECTRONICS
CORPORATION

249 RT_ 46, Saddie Brook, N.J. 07662
Phone: (201) 489-9000

ELECYRONICS rum

CIRCLE NO. 136 ON READER SERVICE CARD

+ Don't confuse our
1st quality tubes with

seconds & factory rejects.
* |1 not shipped in 24 hrs.
your order free!
* Free! New catalog
write today!
DEPT. EW-7
4217 University Ave.
1AM I L1 B San Diego, Calif. 92105
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GOVERNMENT SURPLUS

JEEPS Typically From $53.90 . . . Trucks From
$78.40 . . . Boats, Typewriters, Airplanes, Multi-
meters, Oscilloscopes, Transceivers. Electronics
Equipment. Wide Variety, Condition. 100,000 Bid
Bargains Direct From Government Nationwide.
Complete Sales Directory and Surplus Catalog
$1.00 (Deductible First $10.00 Order). Surplus
Service, Box 820-K, Holland, Michigan 49423,

20021.
HYPNOTISM

FREE Hypnotism, Seif-Hypnosis, Sleep Learning.
Catalog! Prawer H400, Ruidoso, N.M. 88345.

AUTHORS’' SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD." Vantage, 120 West 31 St., New York 10001.

PERSONALS

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. lllustrated brochure free.
Hermes. Berlin 11, Germany.

HOUSTON Remailings, Forwarding, Confidential

$3.00 Monthly. Box 12263, Houston, Texas
77017.
PHOTOGRAPHY—FILM

EQUIPMENT, SERVICES

SCIENCE Bargains—Request Free Giant Catalog
"CJ"—148 pages—Astronomical Telescopes, Mi-
cioscopes. Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., 300
Edscorp Bldg., Barrington. New Jersey 08007.
FREE Photographic Discount Catalog K2A. 48
illustrated newspaper-size pages. Porter's Cam-
era Store, 2208 College, Cedar Falls, lowa 50613.

INVENTIONS WANTED

PATENT Searches including maximum speed,
full airmail report and closest patent copies,
$6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free invention
Protection forms and 'Patent Information.”
Write Dept. 23, Washington Patent Office Search
Bureau, 711 14th Street, N.W., Washington, D.C.
20005.

INVENTORS! Sell your invention for cash or
royalties! Our client manufacturers eagerly seek
new items. Patented. Unpatented. Financial as-
sistance if needed. 25 years proven perform.
ance. For free information, write Dept. 25, Gil-
bert Adams, Invention Broker, 80 Wall St., New
York, N.Y. 10005.

| CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms,

| frequency discounts, closing dates, etc.

www.americanradiohistorv.com

35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words.

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.)
Count each abbreviation, initial, single figure or group of figures or [etters as a word. Symbolszch as

|

|

|

|

{

1 2 3 7 x {

6 U 8 9 10 I
e {

H 12 13 14 75 I

16 17 18 5 20 Il

21 22 73 57 T :

26 27 58 55 T ;

31 32 33 37 T I

@ .50 Reader Rate f _ i

Words @ .85 Commercial Rate $ I

Insert time(s) Total Enclosed $ ;
|

NAME I
[

ADDRESS I
CITY STATE ZIP I
I

SIGNATURE I

|

|

-7-70

ELECTRONICS WORLD
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MAGNETS

LT AKS

MAGNETS. All types. Specials—20 disc mag-
nets, or 2 stick magnets, or 10 small bar mag-
nets, or 8 assorted magnets, $1.00. Maryland
Magnet Company, 5412-E Gist, Baltimore, Mary-
land 21215.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to
$3,000.00 monthly. Paid overtime, travel,
bonuses. Write: Universal Employment, Wood-
bridge, Conn. 06525.

EXCITING OVERSEAS JOBS. Directory $1.00.
Research Associates, Box 942-E, Belmont, Cali-
fornia 94002.

EDUCATIONAL

OPPORTUNITIES

LEARN WHILE ASLEEP, Hypnotize! Strange
catalog free. Autosuggestion, Box 24-ZD,

Olympia, Washington 98501.

PRINTING

“FREE” Illustrated Circular! Stationery, Labels,
Envelopes. Longwood D-3270, Fort Johnson,
New York 12070.

MAGAZINES

BACK DATE MAGAZINES! Send needs. Midtown,
Box 917-EW, Maywood, N.J. 07607.

BUSINESS OPPORTUNITIES

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

| MADE $40,000.00 YEAR by mailorder! Helped |

others make money! Start with $10.00—Free
proof. Torrey, Box 318N Ypsxlantl Moch 48197

JAPANESE Electromcs New Products Monthly|
Specimen copy $1, deductible. Dee, 10639-W
Rwersnde North Hollywood Calif. 91602

FREE BOOK 999 Successful Little-Known Bus:
nesses.” Work home! Plymouth 445-G, Brook-
lyn New York 11218

MAKE BIG MONEY ralsmg chinchiltas, rabblts,
guinea pigs for us. Catalog—25¢. Keeney
Brothers, New Freedom, Pa. 17349.

SUCCESS is only a post card away. New course
teaches proven methods to start. operate your
own manufacturing company—no Pprevious ex-
perience needed. Millions have achieved high
income, security—you can too! No obligation;
send today for free course outline to NIMS,
Dept. EW6, Box 1273, Alameda, CA 94501.

EMPLOYMENT OPPORTUNITIES

WANTED —TRANSMITTER MAINTENANCE
SUPERVISOR with minimum of three years ex-
perience in maintenance and trouble shooting
of AM Broadcast transmitters, first class license
desirable, for maintenance supervision of two
100 Kw transmitters at church-related short
wave station in Ethiopia. Qualified applicants
write: Station Director, Radio Voice of the
Gospel, P.O. Box 654, Addis Ababa, Ethiopia.

WANTED—STUDIO SECTION HEAD with at least
three years experience in performing and
supervising broadcast studio operations, trou-
ble shooting studio equipment and proof-of-
performance. Experience in conducting training
classes desirable. Church related short wave
station in Ethiopia. Qualified applicants write:
Station Director, Radio Voice of the Gospel,
P.O. Box 645, Addis Ababa, Ethiopia.

TREASURE FINDERS

TREASUREPROBES patented transistorized de-
tector signals ‘‘dig” by earphone "beeping.”
5" search head, PC boards, two colpitt oscilla-
tors improve stability. Kit $13.95, assembled
$18.88, with speaker $24.88. 60 day guarantee.
Send for Free bibliography, “Treasure Maps and
Books of U.S."” Treasurehouse, EH70, Tennent,
N.J. 07763.

July, 1970

ULy

SMASHES

GE PA-237 2-WATT
AUDIO AMPLIFIER

[J *Lowest Prices *Brand New!

$2.95

2 watts continuous 9 to 27 volt supply, 8 mV sen-
sitivity, includes Il circuits, for phono, tape re-
corders, dictating, TV, FM, movie

[J Westinghouse WC334 one watt audio
amp, TO-5 case .

TEXAS! NATIONAL!

FAIRCHILD L
COUNTING "IC's" [] SG43SD
] W215F
Guaranteed! W /Spec Sheets Any 3 — [ W266F
10%, Discount! L 3zo7
]
[C] 958 Decade Counter o 3495 QI 332;5
959 Quad Latch . ... .. e 295 A B09TU
| | SN7490 Decade Counter ... . 550 | g12TU
_ SN7475 Quad Latch ... ... . 450 || [913TU
1 SN744] BCD Decoder &5 07914TF
9301 I-to-10 Decoder ... ... 4 50 | \@23TF
9306 BCD Up/Down Counter . $8.95 | “|960TU
9300 4 Bit Univ. Shift Register $2 49 |L17470FX
9304 Dual Full Adder 95 | 17302FX
Li7400xF

D SN7493 4 Bit Binary Counter4.95

LINEAR AMPLIFIERS

F=Flat Pak;

BRAND NEW!

““IG”’ PRIGES!

How's your ""MEMORIES" for 19707

Guaranteea! with Spec. Sheets!

] Fairchitd 1128 8 bit ...
" Fairchild 9033 16 bit
["] Fhilco PL5R100 Dual 50 bit
["] 4000 Bit Core Planes .........

..$2.49

RTL-TTL ‘ICS’

GUARANTEED! With Spec Sheets! ¢ LOWI
Description

Dual 4 Input Nand/Nor Gate ... TTL lOw
JK lllp IOl pi it . DTL

Quad 2 Input Gate ......... ] Pn'

JK _1lip Flop (fastest logie)... ECL Ces!
Buffer -z RTL

Full Adder- .. RTL

Buffer .. RTL ¢
Half Adder .. ... .. RTL

Shift Register ... - RTL

Dual 2 Input Gate- w each
JK Itlin )rlop . s

.I])I,Jdl lBuﬂel 5 i 3 for
K Flip Flop (Sv)mhz) g .

Dual JK Flip Flop ... 5 1D_'FII: ’2 75
Quad 2 Input Gates - TTL

CODE: S=Sylvania, F=Fairchild, W= Westmghouse,x Texas,

D=Dual Inline, T=TO-5 case, metal. U=unable to

name maker. Give 1st, 2nd, and 3rd choices on case styles,

$1.39 each, 3 far $4.00

$1 | SOLID STATE 1970 WINNERS

S ;g?]g ICDJCpeﬁr?ig:\i;iIerA X 0 —alp— | Ehilcc;| ISdC“%? Dual Mosl:efs . :3.‘78
| ] m T Fairchild 9601 Mono Vibrator ... 2.98
[J 710C Differential Comp 1 AMP 800 PIV Fairchild 741 OP. Amplifier* $2.98

{J 711C Sense Amplifier i

|' I'recTiFiErs

*lrequency compensaled 709

Terms: add postage. Rated: net 30, cod’s 25% |o¢

Phone Orders: Wakefield, Mass. (617) 245-3829)

P.O. BOX 942W
Ks LYNNFIELD, MASS
01940

POLY
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MUSICAL INSTRUMENTS

30% DISCOUNT any name brand musical in-
strument. Free catalog. Freeport Music, 127-L
Sunrise Hway, Freeport N.Y. 11520.

USED electronic and pipe organs, consoles, Kits
and accessories. Write for brochure: Newport
Organs, 1593 Monrovia, Newport Beach, Cali-
fornia 92660.

RUBBER STAMPS

RUBBER ADDRESS STAMPS $2.00. SIGNATURE
$3.50. FREE CATALOG. JACKSON’S, BOX 443-G,
FRANKLIN PARK, ILL. 60131.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of
yeasts, equipment. Semplex, Box 122-76, Minne-
apolis, Minn. 55412,

JAPAN'S PUBLICATIONS GUIDE Business,
pleasure, education. $5.00. INTERCONTI-
NENTAL, CPO 1717, Tokyo 100-91. |

STOP BURGLARS THE EASY WAY!l Affix
authentic ‘‘Protected by Electronic Sentry
Alarm” Decals to auto windows, doors and
windows of home, retail stores; vending ma-
chines, etc. Whether you have an alarm or not |
—thieves stay away! Only $1.00 each set of two. |
J. Ross, 80-34 Kent St., Jamaica, N.Y. 11432,
Dept. EW.

AS YOU SCAN THESE COLUMNS, more than
177,000 monthly buyers of ELECTRONICS
WORLD are doing the same. These men are ali
Electronics Professionals—individuals involved
actively in electronics from a business or haobby
viewpoint—they are doubly interested in those
advertisements which will enhance their careers
or their leisure hours. They look to the pages
of the ELECTRONICS MARKET PLACE for prime
sources of products and services of interest to
them. They will buy from you if your advertising
appears regularly in their favorite magazine.
Send copy and payment now to: Hal Cymes,
Classified Advertising Manager, ELECTRONICS
WORLD, One Park Avenue, New York, New York
10016. REMEMBER: September issue, on sale
August 20th, closes July lst.

www americanradiohistorv com

| westinghouse Voltage Regulator
0 to 40 YDC Positive ... . e
Shockley Diodes, 4 layers Ifar 31,19

Retail: 211 Albion, St., Wakefield, Mass 015\ "1 Neon & Nixie Driver 2N4410 .. 4for §1.00

SCR/Triac Trigger Diodes

[J 9989
[] 9997

dfor 3119

4 Bit Binary Counters ....... 4.95
4 Bit Shift Registers .. 4.95

e LORAN APN-3
N\ a FINE QUALITY
NAVIGATIONAL
EQUIPMENT

“-Channel 1o ange duat unit~. will determine ("nrt
geographie positton of \uu{l ho]‘{ (ln;' pli \ne“dh::l
and receiver cmnnlue with & ubes a g
INDICATOR 1D-6B/ N-4, and RECEIVER 569.5“
R-98/APN-4, (nm]!]ll( \\m‘ tubes, Exe. Used

LORAN R-65/APN-9 RECEIVER
INDICATOR

4-Channel single unit sysiem, used in

§ _-,_
~h||)\ and aurerati, Determines position
adio signals from known xmitters.
—\cLlu'le to within l‘ nl distance.

Complete with tubes
t

wl, IN L \l‘u\l\m ()}Igié(h)glo 5695“

A~ abao
11 GG tor Loran Equipment in stock
STV Inverter Power Supplies available for
\l'\ l and APN-p Roceivers above.

BC 645 TRANSCEIVER

4J.) to 500 Mc E’lslly adapted for
L Wdy voice Or coae UN Ham. AL,
lelexhlon L\pnnmem al  and  Citi-
zens' Bands. With tubes. less bower
;upp'ljy i {actory car(on s] _9
SPECIAL PACKAGE OFFER:
’ ceiver, I)ynammor and all ac-

Trans
including  mountings. Antenna  As-

BUERG TN 11F
semblies, control box, complete set of con- 526 95
neciors, plugZs. BRAND NEW o

AN/APR 4Y FM & AM RECEIVER

*FB’ FOR SATELLITE TRACKING!

ligh precision lab instroment, for maonitoring ngnl
meisuring frequency and relative signal <trempth, 3
to 4000 Me, in 5 tuning ranges, For 110 v 60 dyele
AC. Built-in power suvply, Original circuit
diazram_included, Checked out, perfect. .

LIKE NEW . .. .. .. .. ... s e
All Tuning Units Available for Above

APN-1 TRANSMITTER-RECEIVER FM 400-150 Mc.
Easily converted for Radio Control or 70 cms. Com-
plete” with 14 tubes, dynamotor and wobbulator,

Exe. Used .......: Brand New , . ..... S 10‘95
R-4/ARR-2 RECEIVER 234-238 Mc, . _tom-
plcle with 11 tubes, Exceltent Ched . 55 95

BRAND NEW, including dynamotor
EE-8 FIELD PHONE, checked out,
teries, escellent used. each . .............

NEW G & G CATALOG!
24 PAGES, crammed with Gov't Surplus Elec-
tronic Gear. Biggest Bargain Buys in America! It
will pay you to SEND 25¢ for your copy—Re-
funded with First Order!

25 ¢ Deposit with order. balance C.0.D,
TERMS -—OR—Rmnltl'\nce in Full. Minimum
* Order 853,00 F.0.B., NYC. Subject to

brior sale and price change.

G&G RADIO ELECTRONICS COMPANY
Tel.: (212) CO-7 4605
45 Warren St., 2nd Floor, New York, N.Y. 10007
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SPECIAL ILHIO

02 fen, Prg

TERRIFIC BUY! TOP QUALITY!
PRICE BREAKTHROUGH IN LARGE SIZE

OPAQUE
PROJECTOR

“Best Opaque
of its Kind
Under $200”

Projects briltiant,
oot tond  squnre
tmape from 8 feet
aw using up to
color, b & w
xllu\n.uuun Retains
b orgrmal colors and  proportions. Enlarres  drawings,
Bloinis,  witercolor-.  neturos,  stamps, coms,  other
oniee wo - Revolutionary lignting  sys~tetn giy maximum
ln"‘h(nv s, retains entire field o focus, Featur i
- Nmm anastigmatic projection lens 5.
powerful peanut-size quantz halogen lunp
o anbgue internal rellcenie system, ¢ an be useil up-
side aloesn——eapy held flat by anagnetie platens. Tuibo-
hlovwer coolel, Tough plastic case. 51s 1. coprd,
sinck No. 71,2724K
184 X6"X1212"—111 5 Ihs.)

7

$89.75 Ppd.

3-CHANNEL COLOR ORGAN BARGAIN!

Create tremendous variely of
unu~n.l & beautiful lizhting
with _this low.cost
top-quality  1300-Watt  unit
(300 W. per channel). Com-
pare with oth ~eliing tor
twice the pitoy
livht., plus indivi ~ensi-
fivity controls and channel
imdicator lluhu Can mmr.uo
ten 130 W, *‘spots’

o '||'l\llﬂﬂ‘~ I!lll L'
house current
audio souree
phone plug. p
plastic case. Hi-ft

Stock No. 71.223AK

127 214 (hs, Thmm.ll sotting
lm luding comnlete jnst telions.
$ Pp

SPECIAL VISUAL EFFECTS PROJECTOR SET

Dazzling,  avante-garde v
uil eftee Fantastic vi
oty ]n(‘l'(‘(lihl,\' heautiful.

\pevml packnge ofler con-
tains all necessary
tus, Create floatin
ing. tiory burst< of
Symphony  of

ic S

hroma i

Crystal urst. o
tures 35mm 300 W, fan
COnTed PLOJeCTOr— protdiees

big image at short distance,
Accepts two 97 diam. \\')n‘\'
2 ]\Jl(‘uh)\(‘ﬂ)le

3 foscope). 2 cylindrical acces-
sorfes (67 L olored Clound & Hexvdoscope w internal
mirroved wallsy. Periect for enteitaining, partie~, photog-

raphy. Complete instrueiions
Stock No. 71.212AK . . .. .. $79.50 Ppd.

LONG-WAVE BLACK LIGHT FIXTURE

[ \Ilunl

3 tile.  com-
~lL!'IIu(l ]on“ wave
"H() 4(Mm anpstromsi
hiaek tight sultraviolet)
e, Hns  G-watt, 1o
Luanp with buitt-in filter—
climinaie~ harmfui  shorter
wave ubtraviolel rays, Use
to identify minetal~, fungi.
||.u||-|\.1 —check for suilace
W, ofl and gas le
U or displ

ﬂllnl'(‘\( ont ymyu‘

alk, ernyons, e pow.
dendnel adpstile alunnum rvllw!m. push. null swatel,
IR in il or on corner. 107

. '\qunt vert., horr..
[

Stock No. 70.364aK
REPLACEMENT BULB
Stock No, 60.124AaK

.$12.50 Ppd.

................... $4.50 Ppd.

NEW (MosicisioN) MINI-MODEL

Actually “seet' musie in
dazzling action with com-
paet, self-contained  unit
|I\>\|;:nwl for portahility
Produces  fantastic  pat-
tern~ in  heautiful
Sidual note
it~ own unique.
n\ sUng. el |n;: Jmp(»
cach <hape f

pre < whirlin
swirl 1

F : T I M F
lhc music. :

t i >
tre s hig mumm With tow tevels of souni
rroct for wondow displays

parties. Stand or hang.
L-Pad needed tor use

....... 546 50 Ppd.
5 5o 2.00 Ppd.

at
rear proj,
IR TR
Wohig ampdifiers,

No. 71,124AK
Stock No. 41.140AK

ion ||\.\l:lu\'(’.~4 Pe
elubs, (H!n)m\,
teg.  Tla.p2ov

(L PAD)

balliooms
lnnlu'ul Tzt
hul to the Iu'..l

i di~scothenue
3 1000 Tustions,
clear handuiade HE
wirrors  on edch fadl
Create fantaste
cifects Motan

cast reflections
the mind! Ideal
show s, displaye,
hotels, o o

Stock No. 71.066AK
Stock No. 85.180AK
Stock No. 71.065AK

{12” Diam.)
... (16 Diam.)
..... (8" Diam.)

$30.00 Ppd.
$75.00 FOB
$17.50 Ppd.

NICKEL-CADMIUM BATTERY BARGAIN!

- Terrific value ~lialitly used
. Laghiiweiche 5
olt, 4 Awmp-hour
o~ untim.
N irh
curient output, Recharges in
1 hour with Fdmund kit,
won’'t sleteric when left
~charged. Minimum main-
renance—tew drops of wi-
ler per vear, Rurired, ~hoc I\r
and-vibiation  resistant ¥
tou case, Dehvered parti; All\
chartroed, tilhsl with electio-

lvte. 314" x 27 x 67, 2 1b.
Stock No. 70.942AK
Stock No. 70.807AK

{battery)
tcharger kit)

.$15.00 Ppd.
.$ B.00 Ppd.

PSYCHEDELIC LIGHTING HANDBOOK

Lo intormation pached
pages Fully v\])!.nn~ latest
ity ehedelie lighting voguip
nlent,ot 'Imnum\. dovelop.
nents

vors faeers of
byirhio AI-H\ hzhi-~how  pro.
duction inciuding  strobos
Iul\ his, prorectors. oy
rimnic stides, mirrors,
N, pobitized col-
o e hose MusreVisiong,
=fow. how to tpey-
lefize ™ puities, musical
WS or Now (o set
up elecur ~ tor private smherings, 8la” x 117
Lloasebear |-A||\L'x
0A

uum m-d lm d4oring hn'lder
Stock No. 9100AK .$3.00 Ppd.

MAIL COUPON FOR GIANT FREE CATALOG

148 PAGES—1000’s OF BARGAINS

Completely new edition. New

A Zories,jtlustrations,  Dozens
= cal and electromannetic parts, accessaries
3! Inmnum\ sclection of  Astonomical Tele.
: Tioosvopes,  Micre Binoculars, \m"ni-
H iers, Magnels . I'risme war
i surpins iteme: hahbyists. o\ywnmvm
<3 ers, \\mkﬂmn factorv. MMail coupon for
= i1 catilor “AK
w““-: EDMUND SCIENTIFIC CO.
Eoy 300 EDSCORP BUILDING,
®l BARRINGTON. N.J. 08007
NAME

ADDRES S

CITY

STATE Z1p

EDMUND SCIENTIFIC C

86

ORDER BY $TOCK MUMBER * SEND CHECK OR MONEY ORDER » MONEY-| !AI:E

CIRCLE NO. 144 ON READER SERVICE CARD

PLUG-IN ULTRASONIC ALARM LIGHTER

=ilent,  cconomical,  cisy
to install. No N
Lachment~ o
needed, Just pluwran socket
—then plug Tnchis and o
alirm anto 1t Activate

when it thears™  some-
one. Resets automatieally .
sensi to 30

. Sensitivity eontiol ean
diust Ul pet norse, ¢ an
ventent for anight lighi—
eliminates fumbling or in-
ey in rl.nl\no\s Tdeal for
aproument. home. otlie
timme) - on-oft swaiteh.
HzAC

No. 71.283AK

Walnut fin ~I| \\;\I l~|'|ll»m
frequeney: [A

11035 X314 X314 ) $59.95 Ppd.

NEW $99.50 HELIUM-NEON LASER!

tompletely  asscmhled,  in-
SLNE LAt W three thnes
POWer Dutput of compa
maodels,  Steady i
light ot mwoles:
power Exeellent
tion,
~tudi

collima-
cularly useful tor
~. experiments in hoi-
wrraphy. anterferometry, dif-

b

ction. optical alignment,
Simple and_ ~afe ~c-
plug in, switeh  on.

The -“n unit reaches
T4 e in 2 sees.: tull -
Prower t\]n(‘.ll]\ 0.0 lnlll]\\'n( |U Bomw  minimuniy in

H4omins, Beam ihverzence oulv 2 milliradiais star ahegd
af comnetition s heant oniy 2 ems al 40 feet,
Stock No. 79.004AK . . . . 5 - ..%99.50 Ppd.

81 ‘‘WILD’”” 35MM SLIDES

Created by Hollywood's pre-
mier special lighting etfects
man—~RBob  Beck Produece
tantastic bach light
Shows, pevetivdolic | slide
~hows, ete, premountesd

exnecially selected for

Covividness and i
seene. Range from

soul”’ oty ol eyes to
}\ e Sdoseopic images, opli-
cal dHlusions, eote, Low-cost
undunhieated ~ets ntl ]u)lluldl
Ko Carousel tray. Idea

for modan professional Innrh of fun for an
Stock No. P-60.749AK— (Set A) ......... $22, 50 de
Stock No. P-60.750AK—(Seot 8) ... ... ... $22.50 Ppd.

Hi-VOLTAGE ELECTROSTATlC GENERATOR
Van De Graf low-amp (\)JL.
200,00 volt potential, yet
completely  safc e
strates Tirhtning, St Klmo
fire. repul-ion of chz\rzes.
electrostatie dust coliection,
many other electrical son.
ders. Mowr. 110V, 60-
eyele, AU,

Humidity, g
to

fregive, l\lll(‘nl 1.5
microwmbs, Vluminum hise

rame and cb

l'ﬂ]lll“l] . .
11l |n~uu(‘1mn».
Stack ND. 70,264AK . ... ... ... ... ....... $49.50 Ppd.

VISIT OUR FACTORY RETAIL STORE!
Turipike =3. 15 Min, to
SN TN m;gmm ilus

.'» Mingtes runu dersey
Phila.. either bridge.

Exclusive sm e Tlems.
ternoon. Store Hxx .

Af.

“hoy
£330y, ( ]o:cd \un

CUARANTEE

300 EDSCORP BUILDING
s BARRINGTON, NEW -JERSEY 0B0O7

tanred in ULS.AL
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INFORMATION

SERVICE

:.",/ Here's an easy and convenient way
for you to get additional information
about products advertised or mentioned
editorially in this issue. Just follow the
directions below...and the material will
be sent to you promptly and free of
charge.

EL/ Tear out one of the perforated post-
age-free cards. Please print or type your
name and address where indicated.

:/ Circle the number on the card that
corresponds to the key number at the
bottom of the advertisement or editorial
mention that interests you. (Key numbers
for advertised products also appear in the
Advertisers' Index.)

¢l / Simply mail the card. No postage is
required.

¢/ Inquiries for information other than
“Free Information Service'' are to be
directed to Electronics World, One Park
Avenue, New York, N.Y. 10016.

f/ The ‘“Free Information Service” is
available to all readers of Electronics
World. If your copy is passed along, the
next reader can also take advantage of
this service. All he has to do is tear out
the remaining card and follow the same
directions.

d‘/ Electronics World's Free Information
Service lets you ‘‘shop by mail".

i

(PRINT CLEARLY).

(Zip Code must be included to insure delivery.) (Void 60 days after date of issue.)

PLEASE SEND ME ADDITIONAL INFORMATION ON PRODUCTS | HAVE
CIRCLED, [sem |
(Key numbers for advertised products also appear in Advertisers Index.) |l

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30-
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60-
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 77 78 79 80 81 82 83 84 85 86 87 88 89 9Q=
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105-
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120=
121 122 123 124 125 126 127 128 129 130 131 132 133 134 135-
136 137 138 139 140 141 142 143 144 145 146 147 148 149 15Qs

(PRINT CLEARLY) TITLE

. J

P HEED &4 AR
ZTATE Iy UL

(Zip Code must be included to insure delivery.) (Vdid 60 days after date of issue.)

PLEASE SEND ME ADDITIONAL INFORMATION ON PRODUCTS | HAVE
CIRCLED. [sa7ro

(Key numbers for advertised products also appear in Advertisers Index.) i
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1&
16 17 18 19 20 21 22 23 24 25 26 27 28 29 3C
31 32 33 34 35 36 37 38 39 40 41 42 43 44 4%
46 47 48 49 50 51 52 53 54 55 56 57 58 59 6C
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 77 78 79 80 81 82 83 84 85 86 87 88 89 o
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 12C
121 122 123 124 125 126 127 128 129 130 131 132 133 134 13%&
136 137 138 139 140 141 142 143 144 145 146 147 148 149 15C

(PRINT CLEARLY)

o e 4 W WY
' A

T I D
— L AR COUWE.
(Zip Code must be included to insure delivery.) (Void 60 days after date of issue.)

PLEASE SEND ME ADDITIONAL INFORMATION ON PRODUCTS | HAVE
CIRCLED. [sam0
(Key numbers for advertised products also appear in Advertisers Index.) s
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1&
16 17 18 19 20 21 22 23 24 25 26 27 28 29 3«
31 32 33 34 35 36 37 38 39 40 41 42 43 44 AL
46 47 48 49 50 51 52 53 54 55 56 57 58 59 6(
61 62 63 64 65 66 67 68 69 70 71 72 73 74 7E
76 77 78 79 80 81 82 83 84 85 8 87 88 89 9«
91 92 93 94 95 96 97 98 99 100 101 102 103 104 10F
106 107 108 109 110 111 112 113 114 115 116 117 118 119 12(
121 122 123 124 125 126 127 128 129 130 131 132 133 134 13&
136 137 138 139 140 141 142 143 144 145 146 147 148 149 15
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INFORMATION
SERVICE

PHILADELPHIA, PA. 19101
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) , . ' I
Electronies World ;
P.0.B0OX 7842 I
PHILADELPHIA, PA. 19101 :
| P
————————————————————————————— —! .‘ ‘
FIRST CLASS I
HILA PHIA, PA i e -
BUSINESS REPLY MAIL | Y
POSTAGE WILL BE PAID BY — — :
e r |
Electronics World |
P.0. BOX 7842 | Read
PHILADELPHIA, PA. 19101 I eac’l
————————————————————————————— ; month
FIRST CLASS I by the
e | world’s
BUSINESS REPLY MAIL | largest
NO POSTAGE NECESSARY IF MAILED IN U.S.A. : audience
POSTAGE WILL BE PAID BY | of %
. | - -
Electronies World ' electronies I
P.0. BOX 7842 . professionals
|
|

=
=
2
)
3
D
=
0
)
>
=
)
=
S
=3
N
5
5]
>
=
®)
o]
3
—


www.americanradiohistory.com

VARIABLE BALANCE STEREO
HEAD PHONE

Unique “Sound Level" control on
each earpiece permits adjustment.
Frequency range: 20 to 20,000 +
cps. 6% cord with stereo plug.
Impedance 4 to 16 ohms.

Cat. No. Q4-132 $17.95 Net

AUDIO ADAPTORS
“y" Audio Adaptor has a phono pin
jack on one end and dual phono

pin plugs on the other.
Cat. No. 04-288 $.99 Net

HOBBYIST'S SOLDERING AND

TOOL KIT

Diagonals, long nose pliers, solder-
ing iron and solder, solder aid tool,
heat-sink, and screwdriver. An ideal
gift item.

Cat. No. H3-378 $7.95 Net.

TWO STATION WIRELES3
INTERCOM

Just plug into any electrical outlet.
Completely portable. Expand sys-
tem anytime with additional units.
Two unit system complete in dis-

play pack.
Cat. No. N4-110 $34.95 Net

TAPE RECORDER MICROPHONE

Outstanding performance on musc
and speech for the price. Low im-
pedance matches late model solid
state recorders. Removable desk
stand; 415’ cord with dual plugs
that fit most models. Freq. Re-
sponse: 100-8k Hz. Output: — 77
dB. Impedance: 200 ohms

Cat. No. Q4-146 $4.95 Net

MINIATURE LAMPS

Type PR2 « 2.5 volt = 0.50 amp *
Cat. No. £2-430 « Pkg. of 2 $.29 Net
Type PR3 « 3.6 volt » 0.50 amp ¢
Cat. No. E2-431 + Pkg. of 2 $.29 Net

STANDARD 1000 VOLT CAPACITOR
High quality, compact and reliable.

RESISTORS

Attractively packaged 2 per pack,
showing values, color codes and
formulas.

G-C ELECTRONICS

HYDROMETALS, INC.

A DIVISION OF

AOD Ny VIYIAAR T PACKFORDCIHHINDIS 61100

EXPERIMENTER’S CIRCUIT
BOARD KIT

Contains a 334" x 4" perforated
board, 15 terminals (No. J4-636)
and 4 mounting feet w/screws.
Build small circuits, hobby and
science projects, etc.

Cat. No. 14-660 $.98 Net

e
Whow SEIARCR =11 160 041 3 IEDODS
s de POV

THE *“6C CALECTRO HOBBYIST
HANDBOOK"

The “GC Calectro Hobbyist Hand-
book” is available at your nearest
Calectro Electronic Supermarket.
One is located near you. WRITE
TODAY and we’ll rush you the name
and address of your nearest Calec-
tro Supermarket.

-
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New and blgger than ever'
The RC-27

\VOur

Where
ur
OftS

Solid-state design is the big thing in electronics today,
but your profit margin is—and will be for years—directly
related to your tube business.

That’s why we keep on expanding and up-dating the
RCA Receiving Tube Manual—the “bible” —to help you
continue to save time (and make more money) in the
servicing of tube-designed equipment.

Now 672 pages, the manual includes comprehensive
technical data and curves for all active RCA receiving
tubes ... a useful circuits section . . . handy Applications
Guide . . . tabulated data on color and black-and-white
picture tubes, voltage-reference and VR tubes . . . plus a
Replacement Guide.

Get a copy today from your RCA Distributor. It's
almost as indispensable as your tube-tester and V-O-M!
RCA|Electronic Components | Harrison, N. J. 07029

*Optional Price

wwwW americanradiohistorvy com


www.americanradiohistory.com

