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We build better
PA profits into the
base of every PA 30

Paging Speaker!

ELECTRO-VOICE PA30AT/PA30RT

What’s the source of your biggest profit

» squeeze? Labor costs. And they’re going

higher every day. So the longer an installer spends

on top of a ladder, the smaller your profits. Indeed,

on competitive bids, high labor costs can put you
right out of the ball park.

This problem is one of the reasons why Electro-
Voice PA30 paging speakers are attracting so many
thoughtful sound men. Because we didn’t stop when
we created speakers with competitive performance
and prices. We also considered how they would
be installed.

Transformer Taps Easily Selecte
For instance, constant-voltage &
models have transformers with
screwdriver (or coin) adjusted taps
that are easy to see and reach no
matter where you point the
speaker. There are no pretty but
useless plastic terminal covers to
hinder you. Readjusting levels ¥
takes moments — not minutes.

Permanently Attached Lead-In

And each PA30 has a heavy-duty lead wire per-
manently attached. Long enough to go directly to
an adjacent conduit without splicing. Or easily at-
tached to surface wiring with wire nuts (which we
supply). Simple, fast, reliable.

Improved Swivel Mount
Even our swivel mount is easier to use. No loose
parts. No Chinese puzzles. And an integral spring
gives you a “third hand” when you need it most,
in assembling the horn to the base. Nothing could
be simpler or faster.

Eight Useful Models

We offer a complete line. 8 models. All rated
at 30 watts, with a sound pressure level of 127 db.
Each has clean, peak-free response from 250 to
14,000 Hz. Sound that’s equal to your toughest jobs.

The PA30AT has 120° x 90° dispersion from its
rectangular molded Implex horn. $28.50 net. The
PA30RT features a round, spun-aluminum horn
with 105° dispersion. $30.60 net. Both have either
25- or 70.7-volt line-matching transformers built
in. A tap switch provides 30, 15, 8, 4, or 2 watts
output. Also available, less transformer, with 8 ohm
or 45 ohm voice coils.

Electro-Voice PA30 paging speakers can do more
than build your reputation for good sound. They
can help offset rising labor costs. But prove it for
yourself. Put E-V PA30’s on the job today. It can
be a big step up.

ELECTRO-VOICE, INC., Dept. 306N
6029 Cecil Street, Buchanan, Michigan 48107

EleihoYores

A SUBSIDIARY OF GULTON INDUSTRIES, INC.

FOR INFORMATION ON E-¥ PRODUCTS:
Micraphones Musician's speakers/microphones
CIRCLE NO. 111 ON READER SERVICE CARD CIRCLE NO. 113 ON READER SERVICE CARD

PA Speakers{Accessories High Fidelity speakers/electronics
CIRCLE NO. 112 ON READER SERVICE CARD CIRCLE NO. 114 ON READER SERVICE CARD
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Every minute is longer up therg.

You can save as many as 20 or 30
of those long minutes when you put up
one of our larger antennas, because
they're pre-assembled. Cur snap-joints
take only seconds to lock in place.

Sylvania antennas are equipped with
a double boom (for strength and ri-
gidity).

All have strong, seamless, half-inch
tubular elements (not rolled-aver
strips of aluminum).

il aluminum parts are gold-alo-

1
dizefl inside and out (not sprayed, but
dipfled).
ven more care goes into the elec-
Lronics.
We've peaked our antennas for flat
respiense over the entire 6 MHz band-
widih of cach TV channcl. Flat re-
spousc is absolutely necessary for good
colar reception. Otherwise, color ren-
ditir. may be lost.
Yicu also need high gain—that’s ob-
vious. But coupled with high directiv-
ity %0 knock out interference. Polar

patterns from our antennas show al-
most complete rejection of signals from
the rear and sides.

We designed our antennas so you
wouldn’t have to (1) climb back up
there or (2) fiddle around up there.

We know that the fiddler on the roof
is just fiddling his own money away.
For more information on our line of
antennas see your Sylvania distributor.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

Here's where we
can save you time.

N \\
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Instant inventory.

Keep electronic components handy with
Mallob n® Benchtop Organizers. Each Mallobin
ccmairs a popular assortment of electronic
ccmponents in a stackable, intetocking plestic
case. Filteen parfitioned drawers keep parts
reat. And each drawer is color coded and
labelec for quick lzcation of the part you want.

MALLORY LCISTRIBUTOR PRODUCTS COMPANY

Mellobirs come with selected components in-
cluding all types of fixed capacitors, MOL and
wire-wourd resistors, carbon and wire-wound
coqtrols. In addition to regular Mallobins, cus-
tor assortments zre available.

As= your Mallory distributor for Mallokin prices
ani details today.

a division o~ P. R. MALLORY & CDx INT.
Box 15668, Ir.dianapclis, Indiana 323203: Telephone: 317-838-5353

Batwerizs Cassette Tapes BCREACIE] Semiccnductors « Sonalent® « Switches » Timers . Vibrators « ICs

CIRCLE NO. 1331 ON READER SERVICE CARD
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Electronies Worl

MARCH 1970 VOL. 83, 3
25 IC Memories—Growth and Future (Part 1)  Dole Mrazek
These relatively new devices compete with magnetic core mem-
el A A sl ories. Article describes the technological advances being made,
THIS MONTH’S COVER specifically in the application of bipolar and MOS devices.
shows a high-speed three- Recent Developments in Electroni
dimensional IC memory unit, 30 P ! ics
two of which form the com- ..
plete one-quarter million 32  The TV-Technician Shortage L Gyormathy
bit buffer memory of IBM’s
System/360 Model 85. Ac- 33 Four-Channel Stereo—Problems and Solutions  Daniel von Reckiinghausen
cess time is 40 nanosec- Author describes methods that can be used to transmit and reproduce
onds, faster than previous four separate channels by means of tape, phono records, and FM
computer memories used by broadcasts. Problems to be solved and possible solutions are covered.
the company. Seventy-two
monolithic memory mod- 36 Expo ‘70  Murray Suntag
ules, together with drive and
sense circuit_modules, are 38  Television’s Built-in Test Signals  Ivon Mertes

packaged on 7 x 9 inch mul-
tilayered pluggable card at

left. Sixteen storage cards 492  Computer Time Sharing Dovid L. Heiserman

and four logic and terminat-

ing cards make up the basic 45 Semiconductor Injection Lasers  Ronaid L. Corroll

storage unit (right), which These light-emitting solid-state diodes produce coherent light, but are
can hold 2048 72-bit words. much smaller than the more common gas or pumped ruby-rod la
The illustration ties in with sers. They can generate high power output when mounted in arrays.

a two-part article beginning
in this issue on the topic of 48 1937 —A New Device to Detect Aircraft  Harold A. Zahl

“ic Mt’e,mories—Growth and Description of a historic demonstration of early radar and heat-
Future” . . . Cover photo- detection equipment by one who was there on night of May 26, 1937.
graph courtesy of IBM.

50 Color TV for 1970 (Part 2)  rforest H. Belt

55 Cross-modulation and IM in Receiver R. F. Amplifiers . Knepler

Ay e 5©  C.E.T. Test, Section 2  Dick Glass
e - z
CIR &
S 74  The Electronic Strobotuner fred Moynard
Publisher 89  Answers to C.E.T. Test, Section #+1
LAWRENCE SPORN
Editor
WM. A. STOCKLIN 15 EW Lab Tested
Technical Editor Ferrograph 724A/P Tape Recorder
MILTON S. SNITZER Empire 7000 Speaker System
Associate M”"r;_ B. MOEFER 3 Inside the TV Technician’s Head  John frye
MURRAY SUNTAG
Contributing Editors 68 Test Equipment Product Report
WALTER H. BUCHSBAUM W Model 1240 Digital V.0.A

Prof. ARTHUR H. SEIDMAN H loscope Cammar
FOREST H. BELT S

Art Editor — —

RICHARD MOSS
o RD MOS MONTHLY FEATURES
Technical Hlustrator

J- A. GOLANEK 4  Coming Next Month 2 News Highlights

Advertising Manager
JOSEPH E. HALLORAN

ot : Radio & Television News Books
Marketing Munager
ROBERT UR
Advertising Serrice Manager 1 Letters New Products & Literature
MARGARET DANIELLO
(;rr)llp Vice President Electronics World: Published monthly by Ziff-Davis Publishing Company at One Park Avenue, New York, New York

o Py ; 2 e 10016. One vear subscription $7.00. Second Class Postage paid at New York, New York and at additional mailing
Electronics & th()gru“’”{‘ offices. Subscribtion service and Forms 3579: Portland Place. Boulder, Colorado 80302,
FURMAN H. HEBB Copyright © 1970 by Ziff-Davis Publishing Company, All rights reserved.
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ALWAYS INSIST
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*CONTROLLED @Y
QUALITY NS
CRYSTALS
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for your Communications
THE

“ON-CHANNEL™

CRYSTALS by

@uﬂvm

e U ;'.L':L‘.‘“.’:"".C

NOW vou 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

CLRYST

formerly

TEXAS CRYSTALS

Div. Whitehall Electronics Corp.

1000 Crystal Drive
Fort Myers. Florida 33901

4117 W. Jefferson Blvd.
Los Angeles. Californa 90016

CIRCLE NO. 144 ON READER SERVICE CARD
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Coming Nlext Month

Special Issue
VARIABLE CAPACITORS

Don’t miss this special section which offers a wealth
of information on all types of variables—from glass
piston trimmers to air plate, air tubulars, ceramic
disc, to LC tuned circuits. The issue will also include
up-to-date information on Teflon trimmers, polysty-
rene tubular and vacuum high-voltage capacitors,
along with an LC reactance chart. Experts from JFD.
E.F. Johnson, Erie Technological, Johanson. Centra-
lab, and Jennings will serve as your guides to this
interesting and important subject. Be sure to get your
copy of this timely and authoritative Special Issue.

Does man possess latent psi-sensitivities that have
been stifled by modern communications systems?
Parapsychology, an aspiring science using modern
electronic methods, has been working to unleash
this “natural” ability in man. L. George Lawrence
gives you details on the experiments and the equip-
ment being used to conduct them.

ELECTRONICS &
PARAPSYCHOLOGY

Howard L. McFann of the FAA's National Aviation
Facilities Experimental Center explains the operation
of a new weather outline device which will enable air
traffic controllers to guide planes safely around all
types of hazardous weather conditions.

SEEING THROUGH
WEATHER CLUTTER

In his second, and concluding, article, Dale Mrazek
of National Semiconductor, explains how the new
assembly methods and anticipated technological ad-
vances point to a bright future for IC memories—
especially bipolar types.

IC MEMORIES—
GROWTH & FUTURE

All these and many more interesting and informative articles will be yours
in the April issue of ELECTRONICS WORLD . . . on sale March 19th.

ZIFF-DAVIS PUBLISHING COMPANY

l-j.uunhl and Executive Offives

One Park Avenur

i mk \1\\ York 10018
{5

William Ziff, President

W. Bradford Briggs, Executive Vice President
Hershel B. Sarbin, Senior Vice President

Stanley R. Greenfield, Senior Vice President
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Walter S. Mills, Jr., Vice President, Circulation
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Arthur W. Butzow, Vice President, Production
Edward D. Muhifeld, Vice President, Aviation Division
Irwin Robinson, Vice President, Travel Division S e W R Manston.
George Morrissey, Vice President
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By FOREST H. BELT /Contributing Editor

Quasar 1ll: More Modules

Motorola has said goodby to tube-type TV sets. Its new Quasar 1I color chassis has only four tubes; the
rest is solid-state. The new TS-934 replaces tube chassis in the $400-8600 line. It is modular, and looks un-
usually serviceable——more so, even, than the first Quasars with their pull-out drawer and plug-in modules.
The regular Quasars stay in the over-$600 line.

The Quasar II chassis have six modular panels, but not all solid-state. The sweep panel has two tubes, and
two other tubes are mounted on the chassis pan. The pull-out drawer is smaller than in Quasar models.

Disappointingly, none of the Quasar 1 panels is interchangeable with those from Quasar models. Now, a
Wotorola panel caddy, to be complete, needs sixteen spare hoards. With fewer panels, there are more cir-
cuits on each. That raises the specter of higher exchange prices, but—at least for now—that jsn’t a prob-
lem. The most expensive panel in the Quasar I is the one that contains chroma, video, and color driver
and output stages; exchange price to the customer is $18. That’s only slightly more than for the Quasar
horizontal sweep hoard, which exchanges for $14.

Two integrated circuits are included. One is a color demodulator. The other contains almost all the sound-
section circuitry. Both are 14-pin in-line [C’s instead of the spider-like 11-pin TO-5 type.

A new Motorola monochrome chassis also has modules. Actually, it isn’t broken down into small modules
like the color chassis. This one has just two large panels, called “mini-circuits.” They do snap out for easy
access, and replacements will likely be available.

Of course, this isn’t the only modular TV. Zenith has a monochrome solid-state chassis with four color-
coded “dura-modules” that plug in along the rear of the chassis. They carry the a.g.c./sync, vertical
sweep, video/sound, and horizontal sweep stages. The printed boards for all dura-modules are the same.
The difference is in the wiring and components. A dura-module in the Titan-90 color chassis contains the
final color amp and an [C demodulator. In Zenith sets for 1971, to be shown in May, additional dura-
modules are expected (and there's a hint of another modular approach that’s even more sophisticated).

New Picture Tube Numbers

The Llectronic Industries Association has a new way to type-number picture tubes. The old numbers be-
gan with the outside diagonal dimension of the tube face. Numbers in the new system begin with the view-
able inches by diagonal measurement, followed by a “V” to indicate it is the new system. (Old numbers
will not be changed.) That’s followed by the usual three-letter tvpe assignment and the final number that
indicates phosphor (4 is a monochirome TV phosphor and 22 is the standard tricolor).

Of Cheap Cassettes

Something of a phenomenon may soon plague the cassette ficld. The market has grown by leaps and
bounds. Even so, marketers have pushed for ever lower prices on plavhack machines. And they’re get-
ting them. At $34.95 and $29.95, prices keep dropping lower. At least one is down to $19.95, which dis-
counters have been plumping for.

But what now? As prices have lowered, a dark cloud has begun to materialize. The stigma of cheapness
may close down many markets for cassettes. Problem is not that the more-expensive cassette recorders
won’t have quality; they can and they will. But if the pullic comes to helieve that most cassette players
are merely toys—and that idea is already prevalent—itll he hard to push the notion aside with ordinary
logic. Too-cheap cassette players may drive customers interested in quality hack to 8-track equipment.
i And some executives say there’s no hi-fi, market there. either.) A price/quality tradeofl anvtime soon
may turn mildly disastrous.

Return of AM Hi-Fi

Stereo receivers for a long while omitted the AM broadecast band. Theoretically, the slations couldn’t
put out a hi-fi signal. anyway; that was a gross misconception. Another theorv wus that listeners would
settle for no less than stereo, available only by FM multiplex. Wrong again.

Most new stereo receivers have AM back in. Recent examples are the Electro-Foiee 1282, the /1. /1.

5
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Scott 3800, and the /eathkit AR-19. All include AM, FM. and stereo FM tuner sections, feeding powerful
amplifiers. The Scott and [{eathkit have field-effect transistors and integrated circuits.

How come the turnaround? Actually, the [requency limitation of most AM listening is two-fold: (a)
the telephone-company line from studio to transmitter commonly has only an 8-kHz top-end response: and
(b} the receiver i.f. strip is narrow and selective. In an AM receiver for hi-fi listening. new cryvstal and
other special i.f. filters make it easy to widen i.f. response and keep selectivity—althouglt a sharp 10-kHz
whistle filter may he needed in the hinterlands (to block adjacent-carrier Leat).

Where a studio and transmitter are together or connected by radio link. audio-channel response to 15
kHz is common. Practically all AM transmitters nowadays handle frequencies out to 15 kHz nicely. So, any
station limitation is usually self-imposed (or unintentional). No FCC Rule prohibits amplitude-modula-
tion sidebands that wide with ordinary program material unless they cause interference.

The variety of music today is the widest in history. Individuals have hroad-ranging tastes. Stations tend
to specialize. This means some kinds of music can be heard only on AM. other kinds only on FM. An
eclectic listener needs both, and it looks like he’ll be getting it. And don’t you be surprised at the quality of
sound you hear from a good AM receiver. The old limits don’t apply any more.

Franchised TV Leasing

Not unexpectedly, leasing color-TV sets may catch on. It has with Teletronics Industries, Inc. of Dallas.
And the firm is looking for other operators to do the same, in a franchise arrangement. Cost for the fran-
chise is nil (at this writing). The franchisee buys color receivers from Teletronics and leases them to
customers of his own. The parent company collects the lease payments and sends the franchisee’s portion
to him. Teletronics builds its own color sets (an 18-inch and a 23-inch) in Mexico. One interesting inno-
vation concerns service. An analyzer used for production-line testing has been adapted to servicing. The
analyzer connects to test points wired in the chassis. That may save a lot of repair pennies; the sets are
leased with maintenance included.

Quadrasonics? . . . Maybe

Four-channel sound is having severe growing pains. There’s no resolution of standards yet. Three dif-
ferent disc systems are proposed, at least two FM-radio systems, and one AM/FM simulcast system. The
simplest way still seems to be with tape. Nearly a dozen manufacturers have amplifiers or tape decks to fit
the new medium. One manufacturer ( Electrohiome) simulates the effect by adding reverheration to two-
channel stereo programs; two behind-the-listener speakers are fed from an amp with a 2-second delay.

Many scoff that quadrasonic music is a fad that won't catch on: some said the same thing about two-
channel stereo a few years ago. If a standard is set that is compatible with two-channel stereo and retains
the same quality, [our-channel sound will probably attract a wide following.

New Society for Technicians

During a meeting at Peoria. Illinois early in February, a group of Certified Electronic Technicians
(CET) from all around the U. S. formed the first international professional society for service technicians.
Ouly CET's qualily for membership. The CET exam is administered through National Electronic Associa-
tions. 12 So. New Jersey Street, Indianapolis, Ind. 1620 1. Exams are held in all 50 states and in more than
a dozen foreign countries. Worldwide, there are already more than 1500 CET’s. The new society has of-

fices at the NEA address.

Small Stuff More Popular?

IT vou're a trend-watcher, give this some thought. Toward the end ol last year, sales of console sterco
and TV dwindled. Sales of TV portables and compact stercos rose a hit, leveling the over-all sales picture.
At Christmas. hopes were that console sales would hounce back. They didn’t. Anyone who is interested in
keeping realistic set inventories should be alert to the possibility that smaller sets are where the market is
really going to he this year.

Flashes in the Big Picture

Color-TV sales are holding about steady; sometime this month, over 409, of TV households will have

color. . .. Nearly 300,000 1970-model cars, ahout half of them Fords, are expected to have tape-cartridge
players. . .. Replacement color picture tubes from Admiral carry the same 3-year warranty as do the com-
pany’s new-set color picture tubes. A

ELECTRONICS WORLD
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Test Disc available today...

Who Needs the

If you've read tnis far,
you do. Whether you're
an avid audiophile
who’ll settle for nothing
but peak performance
from his stereo com- |
ponents . a casual | | EVhM
listenerwho'd like more | |

insight into the chal-
lenging world of stereo
reproduction ., ., . or a
professional technician
who needs precise
standards for lab test-
ing...the new MODEL
SR12 will be the most
important disc in your
entire collection.

REC

| FOR HOME AND

jGHLY EFECTIVE J
A e saTrNG

Frequency response—a direct warble-tone check of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz, which
will pinpoint any frequency response defects in your system.

Separation—an ingenious test which indicates whether you have
adequate separation for good stereo.

Cartridge tracking—the most sophisticated tests ever devised

for checking the performance of your cartridge, stylus and
tone arm.

Channel balance—two broad-band, random-noise sigrials which
permit you to eliminate any imbalances originating in cartridge,
amplifier, speakers or room acoustics.

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

Flutter—a sensitive “‘musical’’ test to check whether your turn-
table’s flutter is low, moderate, or high.

PLUS.’ Cartridge and Speaker Phasing Anti-
Skating Adjustment “Gun Shot Test” for Stereo Spread
Multi-purpose Musician’s “A” Equal-tempered Chromatic
Octave Guitar-tuning Tones.

VvV VVew

Consider the hundreds—even thousands—you've spent cn your set-
up and you'll agree $4.98 is a small price to pay for the most valuable
performance tool ever made. So to be sure your order is promptly
filled from the supply available, mail the coupon at right with your
remittance . . . today!

e =l o L e ——
March, 1970

Announcing the NEW STANDARD in Stereo Testing!

et the All-New Model SR12 STEREQ TEST RECOR

The most complete...most sop

"L ABORATORY USE

O ACCURATE TOOL
i JLISTING, AND

LR, D T
ATING HTERED SYETE

Mg+ 5"'.9

| —

histicated...most versatile

For Just $498_!

Like its predecessor Model 211,
MODEL SR12 has been pro-
duced by Stereo Review Maga-
zine (formerly HiFi/Stereo Re-
view) as a labor of love — by
music lovers . . . for music lovers
who want immediate answers to
questions about the perform-
ance of their stereo systems and
how to get the best possible
sound reproduction.

Sgoreo RIVIOW'S

New Model SR12? . STEREO

Now greatly expanded and up-
dated with the most modern
engineering techniques, MODEL
SR12 is the most complete test
record of its kind — containing
the widest range of checks ever
included on one test disc. An
ear-opener for every serious
listener!

Attention professionals: Stereo Review's new Model SR12 Stereo Test
Record is also designed to be used as a highly efficient design and
measurement tool. In the following iests, recorded levels, frequencies,
etc. have been controlled to laboratory toierances—affording accurate
numerical evaluation when used with oscilloscope, chart recorder, out-
put meter, intermodulation-distortion meter and flutter meter.

e 1,000-Hz square waves to test transient and high-frequency response
of phono pickups.

500 to 20,000 Hz frequency-response sweep.

Sine-wave tone-bursts to test transient response of pickup.
Intermodulation test using simultaneous 400-Hz and 4,000-Hz signals.
Intermodulation sweep to show distortion caused by excessive res-
onances in tone arm and cartridge.

1,000-Hz reference tones to determine groove velocity.

o 3,000-Hz tone for flutter and speed tests.

Sample waveforms—illustrating both accurate and faulty responses are
provided in the Instruction Manual for comparison with the patterns
appearing on your own oscilloscope screen,

Nothing is left to chance . . . or misinterpretation. Every segment of
every band is fully, clearly, graphically explained. You'll know exactly
what responses to listen for in each test. Which'sounds and patterns
indicate accurate performance . . . which ones spell trouble . . . as well
as the cause of trouble and precise corrective measures to follow
and help you pinpoint, analyze and cure your stereo headaches!

Records ¢ Ziff Davis Service Division EW-3-70

595 Broadway  New York, N.Y. 10012

Please send test records at $4.98 each, postpaid.

My check (or money order) for $ is enclosed.

(Outside U.S.A. please send $7.00 per record ordered.) N. Y. State resi-
dents please add local sales tax.

Print Name

Address

City

State Zip I
PAYMENT MUST BE ENCLOSED WITH ORDER = 3
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firsts

make learning
Electronics at home
fast and fascinating—
give you priceless
confidence.

| &
o PRI N -

®

1]1'8 to give you Color Television training
equipment engineered specifically for education —
built to fit NR! instructional material, not a do-it-
yourself hobby kit. The end product is a superb
Color TV receiver that will give you and your family
years of pleasure. You “open up and explore” the
functions of each color circuit as you build.

8

some NRI TII'SES in training equipment

first
].lSl; to give you transmission lines and

antenna systems that include experiments not
otherwise attempted outside of college physics
laboratories. The experience gained with this kind
of Communications training equipment is matched
only by months — sometimes years — of on-the-job
experience.

ELECTRONICS WORLD
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NRI’s “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “‘hands-on’ experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about
NRI training is designed for your education . . . from the much-copied, educator-acclaimed
Achievement Kit sent the day you enroll, to “'bite-size” well-illustrated, easy to read texts programmed
with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickly for career positions in business, industry,
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you

for your FCC License exams. You must pass or NRI refunds your tuitionin full. No school offers a
more liberal money-back agreement. The full story about NRI leadership in Electronics training isin
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016

APPROVED UNDER NEW Gl B“_L If you have served since January 31, 1955,

or are in service, check Gl line on postage-free card.

s

[ ]
®
fll St to give you true-to-life experiences as a

communications technician. Every fascinating step
you take in NRI Communications training, including
circuit analysis of your own 25-watt, phone/cw
transmitter, is engineered to help you prove theory
and later apply it on the job. Studio equipment
operation and troubleshooting become a matter of
easily remembered logic.

March, 1970

designed from chassis up for y

our educqtiqn
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®
f]l St to give you completely specialized

training Kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, and problem-solving
digital computer circuits are also included in your
course.

1
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nutdriver $els

Handy "“Tray Bien” sets lie flat or sit up an a
bench, hang securely on a wall, pack neatly in a
too! caddy.

Lightweight, durable, molded plastic trays
feature fold-away stands, wall mounting holes,
and a snap lock arrangement that holds tools
firmly, yet permits easy removal.

Professional quality Xcelite nutdrivers have
color coded, shockproof, breakproof, plastic {UL)
handles; precision fit, case-hardened sockets.

Hangs up

Holds tools
securely

No. 127TB “Tray Bien" set — 7 solid shaft nut-
drivers (3/16” thru 3/8” hex openings)

No. 137TB “‘Tray Bien” set— 5 solid shaft nut-
drivers (3/16” thru 3/8” hex openings) and 2
hollow shaft nutdrivers (1/2” and 9/16” hex
openings)

No. 147TB “Tray Bien" set — 7 hollow shaft nut-
drivers (1/4” thru 1/2” hex openings)

WRITE FOR BULLETIN N666

®

XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127
In Canada contact Charles W, Pointon, Ltd.
CIRCLE NO. 116 ON READER SERVICE PAGE
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CLOSED-BOX SPEAKERS
To the Editors:

As a builder of my own speaker sys-
tems for over 20 vears, I was very much
interested in Hugh C. Morgan’s “Closed-
Box Speaker System” in the November
issue.

I find that T must take issue with Mr.
Morgan on some points:

1. Mr. Morgan recommends that a
speaker with a heavy cone be used and,
if necessary, to add a small weight to
the center to afford greater mass. This
is in line with the practice of several
manufacturers of closed-box systems:
thev add a rubber or a metal ring about
half-way down the slope of the cone for
the same purpose. The net effect of the
heavy, weighted cone is an increase in
inertin. Accordingly, the system does
not respond to the bass frequencies for
several microseconds and does not stop
for several microseconds after the signal
has stopped. It is the same as the result
that is sought by adding weight to the
turntable plate—steady, continuous mo-
tion, and not the sharp response to the
variations of the signal.

There are other ways of obtaining a
lowering of the free-air resonance of the
speaker, such as constricted front open-
ings and front loading.

2. Mr. Morgan recommends that, be-
cause the walls of the speaker system
are “flexed by changes in enclosed air
pressure and absorb more energy than
(they) transmiit to the outside air,” wall
flexure should be minimized. This con-
clusion does not follow. If the walls of
the speaker cabinet are suitably padded
with absorbent material, much of the
energy from the cone will not reach the
walls. The small amount of energy that
is then transmitted by the walls has the
effect of increasing the radiating area of
the cone in the bass region and affords a
superior bass quality. I have built speak-
er systems with %” walls and several thin
lavers of absorbent material tacked to
the entire inside. These systems have a
clean sound as well as good buss.

Natnax GROSSMAN
Brooklyn, N. Y.

Here are Author Morgan’s comments
on the points raised above.—Editors

To the Editors:
Mr. Grossman’s point on transient re-

-
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sponse is very interesting. However,
such response depends upon many fac-
tors. Motional energy from the voice coil
is most efficiently transferred to the cone
when the interface bond is optimized
and the coil-mass to cone-mass-plus-air-
load ratio equals unity. As to cone mass
per se, the old-fashioned, hard, thin
woofer cones tended to peak and distort
and were heavier than some of the new-
er, thicker, low-density woofer cones
which can produce equal efficiency and
at the same time smoother, less distorted
response with controlled range.

Cone profile, spider, surround, and
other elements also contribute to smooth-
ing of response. And as Villchur, Jordan,
and others have shown, smoothness (or
flatness, if you prefer) equates with ex-
cellence of transient response. Also, as
Bose advises, we are periled with buy-
ing or engineering waste; that is, no bass
musical instrument produces vertical
wavefronts in the low partials of its low
tones, the high-rise effect being pro-
duced by the upper partials of the tone
(all musical tones being formed of many
partials). Hence, the real-world speaker
is not required to produce vertical wave-
fronts in its extreme low end but must
be well-damped so as to avoid over-
hang. Also, please note 1 did not advise a
“heavy” cone. (How many grams is
“heavy,” und for what size cone?)

As to front-loading, this presently ap-
pears to be a dead end. The R-J, and
other forms of box-within-a-box, front-
slot-loading, and the like, have largely
left the market. This is not because they
are expensive but because thev do hor-
rible things to the response. The front-
loader which really works is the homn,
but it must be impracticably large if it is
to reach down to the low bass easily
within the grasp of a modest-sized,
closed-box system.

Mr. Grossman’s second point is also
an interesting one. Except for panel res-
onance, flexing cabinet walls indeed
act as extensions of the cone (down to
fo. ). But these extensions raise the sys-
tem resonance and the bass cutoff just
as if the speaker had grown in size, and
this adds to reactance mass and raises
Q.. But worse yet, whence comes the
cnergy to move those walls? Again, from
the cone. Now if we had a reinforced
concrete, thick-walled enclosure with no
wall movement, what would happen?

ELECTRONICS WORLD
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The box would not appear to shrink
relative to cone size which, in turn,
would not appear to expand; hence the
cone would travel farther. Since the
cone can move more easily than can the
wall, more acoustical energy would be
developed and more air would be
moved. The internal resistance of the
plywood panel is very high—so high that
it will absorb more energy than it radi-
ates—a very inefficient radiator. This is
true except at panel resonance, which is
not our concern here, and can be treat-
ed per the article.

As to eliminating panel movement by
absorptive lining or filling, this is not in
sight. We may reduce Q, and f,. by ab-
sorption or box enlargement. But the
value of absorption or enlargement re-
quired to reduce f,. output to zero is
indeed out of sight. Hence in the real
world, f,. energy is always present, in-
ternal air compression-decompression is
always present, and the panels always
nmove,

Sorry, but that’s the way the wall
bounces!

Hucir Morcax
Bethany, Okla.
* * *
TRIGGERED SWEEP FOR SCOPE
To the Editors:

Some readers have complained about
a possible error either in the circuit of
my article “Triggered Sweep for Any
Scope” (Nov. issue) or in the PC board
supplied by PrinTrac.

There is no error in the schematic
published in the article. However, the
PC board has a mistake and the layout
drawing has a capacitor polarity marked
the wrong way. The following correc-
tions would be appropriate:

(1) Error on PC board. The 500-.F,
15-V capacitor’s positive side is con-
nected to the emitter of Q13. To connect
it to the base where it belongs: (a) drill
small hole below the original one; (b)
mount capacitor; (¢) cut lead short and
make small evelet by bending it back;
and (d) run 13”-long insulated wire to
base of Q13.

(2) Error on PC board layout draw-
ing furnished with the board. The 10-p.F,
12-V capacitor near point (A) is shown
in reversed polarity.

(3) The 220k-ohm resistor on base
of Q5 is missing on PC board. 1f proper
blanking pulse can’t be obtained, add
the resistor.

Also, the 6.2-V zener diodes specified
in the diagram will work, although
1N4735 or 1N5234A are preferred.

Intre GORGENY!
Scottsdale, Ariz.

A number of readers have pointed out
the discrepancies between the circuit
shown in the article and the printed-cir-
cuit board supplied. Our thanks to Au-
thor Gorgenyi for sctting the record
straight.—Editors A
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RIGHT HERE!

Take a close look at a revolutionary new multimeter. The
Sencore Field Effect Meter. This beautifully styled FE
meter virtually obsoletes all VTVMs and VOMs. Why?
Exclusive FET circuitry. A totally new concept in multi-
meter design that prevents circuit loading. Interested?
Here’s more. The FE16's 15 megohm input impedance on
DC and 10 megohm on AC is 750 times less loading than
a standard 20,000 ohm/volt VOM, 50% less loading than
a standard VTVM on DC volts and 10 times less loading
on AC volts. Here's a real package of dynamite that
means accuracy. FET ACCURACY that's 1.5% on DC,
3% 08 )AC. (An unbelievable 2% full scale accuracy on
1 VDC.

Want more? Look a little closer. An exclusive true zero
center scale starting at = .5V DC, DC current ranges
from 100 A to 1-amp, complete meter and circuit over-
load protection, mirror back scale, built-in battery check,
rugged vinyl clad all steel case, and . . .. that's it. If you
still want a closer look, you'll have to buy it. Remember
the name FIELD EFFECT METER. Only Sencore makes
them. Your Distributor has them in stock at $84.50—Iless
than the cost of a good VOM or VTVM.

S ENCORE

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101

CIRCLE NO. 121 ON READER SERVICE CARD
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TWO NEW BELL RINGERS FROM DELTA

DELTALERT

Ultra Sonic Silent Sentry System

The all new economical-to-use DELTALERT, is more than a total motion
detection and intrusion alert system. Use it as a convenience item to
turn on lights, ring bells, alarms or monitor any area, indoors or out.
Merely plug the system into any wall socket and plug the light, bell or
alarm into the back of the unit. DELTALERT’s Extra Feature variable
sensitivity control and adjustable timing features provide you the most
advanced sentry system on the market. Unit comes in handsome walnut
finish, complete with 110-130V drop cord.

SPECIFICATIONS:
A Uitrasonic Frequency: 35 KHZ

A Area Coverage: 10-30 feet (depending on environmental conditions such
as shape of area)
A Controls: On-0ff Switch; Built in Timer; Variable Sensitivity Control

A QOutput: 110-130V at 1 Amp.
A Power Requirements: 110-130V, 60 HzAC ONLY $ 95
For Complete Unit, Ready to Use
ppd.

|
|
I Please ship immediately. l
I

Complete Auto Analyzer

Delta brings yju a new concept in automotive tune-up — The High
Volt Analyst. A unique and complete auto analyzer, it provides all
the primary advantages of a scope and yet is completely portable.

SPECIFICATIONS:

A Accuracy — Tachometer = 2% of full scale (all ranges) ¢ Dwell Meter
=+ 1% (both anges) ¢ OHMS Scale — 5% e Low Voltage — 2% of full
scale e High Voltage = 5% of full scale

A General — Filly protected meter circuit* e Size: 612W x 8H x 312D e
Weight: 33, Ims.

A Ranges — DC Volts 0-15V, 15KV and 45KV e OHMS: 0-1 Meg. (10K center
scale) o Dwadl: 4, 6 and 8 cylinders e Tachometer: 0-1500 RPM, 6000
RPM

*Batteries (8 Tvie AA cells) included. Comes complete with standard lead

set, a special p obe, and high tension lead.

$799 e $5Q30 2.,

[ Eem i e o (e Ko ]

City/State. lip____.
|

DELTA: Please seid me literature immediately.

I 'am enclosing $. for items checked.
] DELTALERT
[J High Vcit Anayst, Assembled

[J High Vcit Andyst, Kit form

Name.
Address_____ ==

DELTA PRODUCTS, inc.

P.0. BOX 1147 - GRAND JUNCTION, COLORADO 81501

CTRCLE NO. 143 ON READER SERVICE CARD
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Hi=-FI PRODUCT REPORT

EW LAB TESTED

by Hirsch-Houck Labs

Ferrograph 724A/P Tape Recorder

For copy of manufacturer’s brochure,

HE new Ferrograph Series 7 stereo

recorder. imported from Great Brit-
ain by Elpa Marketing. is available with
a variety of head configurations, tape
speeds, and installation formats. We
tested the Model 724A/P. a three-head.
four-track stereo machine with speeds of
1%, 3%. and 7'%2 in/s. The 724A P has
a pair of 4- X 7-inch monitor speakers
and 10-watt amplifiers built into a porta-
ble case. It also has many unconvention-
al design features and a careful study of
the comprehensive 75-page hard-cover
operating manual is necessary before at-
tempting to use the recorder—or even
trving to open it up.

The deck seems conventional enough,
but much is hidden from view. The take-
up reel is clamped firmly in place on the
hub by means of a small lever that pro-
trudes from the hub. For good measure,
a pair of screw-on reel locks are sup-
plied. The machine, incidentally, will
take 8%-in reels.

The tape path appears to be a straight
line, but nevertheless the process of
threading takes a bit of fussing. A cou-
ple of what appear to be fixed guides on
the deck are not identified in the man-
ual, and it is not clear on which side of
one of them the tape should go. We tried
both sides of the guide with no appar-
ent diflerence.

A trim strip along the bottom of the
deck can be pushed down to reveal an
impressive array of controls. Most are
duplicated for the two channels. Screw-
driver adjustments set playback levels
and recording-bias currents. A switch
connects the two multipurpose record-
ing-level meters to. read record-bias cur-
rent. A three-position switch connects
the output of either playvback amplifier
to the other recording line input for

circle No. 1 on Reader Sercice Caid.

the purpose of making sound-on-sound
recording.

The three-motor transport is con-
trolled by a single switch operating
through solenoids. There is an accessorv
connector for remote control of the
transport switch. In the “Fast” position.
a separate knob smoothly varies the tape
speed from maximum wind to maximum
rewind (the tape stops in the middle
of the knob’s rotation). This permits
smooth tape handling and precise cue-
ing. The luck of tape lifters facilitates
fast and accurate zeroing-in of the de-
sired spot on the tape by listening. The
transport starts up quickly, thereby
eliminating sharring.

To move the transport switch past
“Stop” to the “Pause” or “Run” positions,
a separate release button must be oper-
ated together with the control knob. The
724A/P has an unusually elaborate
svstem of interlocking to prevent im-
proper operation, and a number of con-
ditions must be met in order for the tape

FERROGRAPH
RECORD-PLAYBACK

724 A/P

DECIBELS

e b ok SN

TINAB PLAY

i 8 R 1 o |
BACK RESPONSE jiii: |

FREQUENCY —H:z
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Ferrograph 724A /P Tape Recorder
Empire 7000 Speaker System

to move. The tape speed (set by a small
knob and dial) must agree with the set-
ting of the equalization control. Other-
wise. @ red “Reset” indicator lights and
the transport will not operate. Once run-
ning. if cither the tape speed or the
equalization control is changed. the tape
stops and the “Reset” light goes on.
Similarly, tape stoppage because of loss
of tension or the contacting of an auto-
stop foil attached to the tape actuates
the reset system.

Ou the deck are individual screw-
driver adjustments for setting reel spac-
ing from the deck to center the tape in
recls of slightly different dimensions.
This is a very useful feature and it en-
ables the Ferrograplt to operate in dead
silence. without the scraping heard on
so many recorders.

One precaution should be observed
in using the recorder. The red “Record”
button can be pressed—and it will re-
main engaged—at any time while in
“Pause” or “Play” mode. There is no
protection against accidental erasure of
tape if someone should accidentally
touch this button while plaving a tape.
Incidentally, there are no unnoying
clicks or pops due to bias transients
when recording new information on the
tape.

How well does the 724A P perform?
Very well indeed, we are happy to say.
Using 3M Tvpe 202 tape. we fonnd the
over-all record-plavback frequency re-
sponse to be within =2 dB from 20 to
18,000 Hz at 7% in s. At 3% in/s. the
response was =2 dB from 20 to 17.000
Hz, almost identical to the 7'2-in s per-
formance. At 1% in/s. it was within
+5 dB from 20 to 10.000 Hz, which
compares with the best cassette ma-
chines at that speed (and with better
signal-to-noise  ratio and  speed  con-
stancy). Needless to sav, these particular
frequency response figures are outstand-
ingly fine.

The playback response with Ampex
test tapes was +4.5 dB. — 1.5 dB from
50 to 15.000 Hz at T%2 in/s and +1.5 dB
from 30 to 7500 Hz at 334 in/s. The dis-
tortion was only 1.2 percent at “0 vu”
recording level. increasing to 3 percent
at +8 dB. The signal-to-noise ratio was
good. but not outstanding. at 43 and 45
dB for all tape speeds. The background
was. however, very quiet on listening
tests.

The transport worked very smoothly
with 0.03-percent wow at all speeds and

15
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only one
amp
has

all
these

features

Mndustry's highest power - 300
watts/channel RMS @ 42

Mndustry's lowest distortion
ySuperb S/N - over 100db

yUnbeatable cost ratio - under $1
per watt

%omplete output protection
3-year parts & labor warranty

Compact design - only 7x10%x19""
MRuler-flat response 10.1db 0-20KHz

|
You could settle for less — but with
a cost ratio like this, you don’t have
to! DC300 professional net is $685.
For PA use, a $75 adaptor gives you
over 500 watts mono for balanced 70v
line. For tech data sheet, or to arrarge
for demonstration, call 219 +523-4919, ‘
Or write Crown, Dept. EW-3, Box |
1000, Etkhart, Indiana, 46514,

®

MADE ONLY IN AMERICA
CIRCLE NO. 110 ON READER SERVICE CARD
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flutter of 0.07 percent at 7% in/s and
0.13 percent at 3% in/s. Both figures
are well within the recorder’s specifica-
tion limits. The machine handled tapes
in fast speeds far more rapidly than most
machines, taking 42 to 45 seconds to
handle 1200 feet of tape. The operating
speeds were exact.

A unique feature of the recorder is
the highly accessible brake controls.
These are simple screw adjustments
that can be made easily without dis-
mantling the unit.

To summarize our impressions of the
Ferrograph 724A/P: it is made exceed-
ingly well, handsomely stvled, very flex-
ible in use. and sounds as good as any-
one could desire. Although we did not
measure their performance, the built-in
amplifiers and speakers sounded very
pleasant and external speakers of mod-
erate efficiency can be driven directly
by the machine to provide first-class
stereo plavback performance. The Fer-
rograph T24A/P tape recorder sells for
$699.00. A

Empire 7000 Speaker System

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

N its new Model 7000 Grenadier

speaker svstem, Empire has, in our
estimation, hit the proper balance be-
tween lows and highs. The 7000, like the
other Grenadiers, is cylindrical, measur-
ing 19 inches in diameter and 26'%
inches high. It is finished in walnut and
is available with either a walnut top or
a handsome and practical marble top.

The Model 7000 has a 12-inch woof-
er that faces downward and radiates
through a slot around the base. The mid-
range speaker and tweeter are mounted
in a separate structure near the top of
the cohunn, and they radiate through
acoustic lenses designed to improve their
polar dispersion. Under the base of the
speaker, where the input terminals are
located. is a three-position slide switch
for normal, increased, or decreased
tweeter level.

For our frequency-response measure-
ments we averaged the output of eight
microphones placed in various loca-
tions in the listening room to obtain
a single composite frequency-response
curve, Tone-burst and low-frequency
harmonic-distortion measurements were
made with a single microphone close to
the high-frequency speakers and on their

centered axis. The measured frequency
response of the speaker svstem was quite
uniform from about 50 to 15,000 Hz.
Above about 5000 Hz, with the tweeter
control set at “Normal,” there was a
shelf in the response that resulted in an
average high-frequency output about 5
dB lower than the average level at lower

T T T T TS
LOW-FREQ. PEAKS CAUSED BY ROOM

RESONANCES [T

RESPONSE-dB

i ATl e
MPIRE 7000 SPEAKER SYSTEM

NE 8URE

EQUE
AVERAGE OF 8 MICROPHONE POSITIONS
; P s

uree

T TONE BURS

50 100 200

Sk

R I—WAT T INPUT
AT T

% HARM, DIST,

| B

FREG

www americanradiohictorv com

UENCY -~ Hz

ELECTRONICS WORLD


www.americanradiohistory.com

frequencies. The tweeter-level switch in
its boost and cut positions produced
about a 3-dB increase or a 5- to 7-dB
decrease in output (from the “Normal”
position) above 6000 Hz. However, the
high-frequency response was exception-
ally flat and smooth—within =1.5 dB
from 5000 to 15,000 Hz.

Two broad peaks of 5- or 6-dB ampli-
tude were observed at about 75 Hz and
500 Hz. We believe them to be a prop-
erty of the speaker rather than of the
room, since we listened to the speaker
in other rooms and noticed eflects which
seemed to confirm this. Of course, all
speakers show such irregularities in re-
sponse and their frequencies and mag-
nitudes have much to do with the differ-
ences in sound quality.

The Model 7000 has what the manu-
facturer terms a “Dynamic Reflex Stop
Svstem” that enables the user to adjust
the bass response below about 100 Hz.
Each “stop” is said to boost the bass re-
sponse by 1 dB. The svstem arrived at
our lab with all four stops removed, and
that is the way we tested it. It could be
that the 75-Hz peak we measured would
have been somewhat reduced by instal-
lation of the stops.

At 3500 Hz there was a sharp notch or
dip of about 10 dB in the response. This
showed up in all our tests. and was un-
doubtedly due to some crossover-fre-
quency cancellation effects. Because of
its narrow bandwidth, it is not likely to
be heard in normal listening.

Tone-burst response was generally ex-
cellent. Only at 300 Hz and below did
it depart significantly from ideal charac-
teristics and at these frequencies we can
no longer separate the characteristics of
the listening room from those of the
loud-speaker.

Listening tests are the ultimate veri-
fication of a speaker’s performance. The
highs (as our curves suggest) were de-
lightfully smooth and well dispersed. In
fact, we would rate the middle- and
high-frequency sound and dispersion
among the Dbest of the current Toud-
speakers.

Because of its smooth, peak-free per-
formance in the region between 100 and
200 Hz (where so manv speakers add
coloration to men’s voices) the bass was
completely free of boom, hut definitely
“all there.” The useful output of the sys-
tem extends down to below 35 Hz with
low (under 5%) distortion. The 500-Hz
peak mentioned earlier added a slight
trace of Dboxiness to the sound, which
could be detected on white noise and on
certain program material but never be-
came objectionable. The speaker had a
“live” quality and less coloration than
most speakers at or above its price; it is
thoroughly listenable. In the case of the
Model 7000, there are no qualifications;
we like it. The Empire 7000 sells for
$209.95 with either walnut or marble
top (7000M). A
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Precision

s

reatest value in sound \
forevery PA application

¢ Most trouble-free line in the industry, Precision
offers a complete range of amplifiers in every
power range including mobile, and a complete line of accessories.
Frem the smallest office to large auditorium or industrial installations,
Precision gives maximum flexibility and performance.

Line

Precision has led the
field in quality and de-
pendability for 25 years.

A et

e b

DIVISION 0F PRECISION ELECTRONICS, INC.

9101 KING STREET, FRANKLIN PARK, ILLINOIS 60131

MAIL THIS
courPoON

% NAME

%
% ADDRESS
®

©_ CITY
%w
¥ R - o e 0

[ i

STATE __ ZIP
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Build this magnificent
Schober Theatre
Organ for

only $1730!*

You couldn't touch an organ like this in a
store for less than $3500—and there hasn’t
been a musical instrument with this
vast variety of genuine Theatre Organ
voices since the days of the silent
movies! Haunting tibias, biting strings,
blaring reeds—the whole A to Z gamut
of real pipe sounds that make the sim-
plest playing a thrilling experience and
give the professional organist every-
thing he needs. If you've dreamed of
the grandeur of authentic big-organ sound in
your own nhome, you won’t find a more satis-
fying instrument anywhere—kit or no kit.

£ ‘“ A \1‘“
'\"‘*

e

*includes tinished walnut console. Amplitier,
speaker system, optional accessories extra.
Cnly $1256 if you build your own console.

y— e e e e e e e = — ., YOU Can learn to play it. And you can build it,

| 1refhioferoman corp, pept. mzs | from Schober Kits, world famous for ease f

43 West 61st Street, New York, N.Y. 10023 assembly without the slightest knowledge o
| | electronics or music, for design and parts quat
| O Please send me Schober Organ Catalog and | jty from the ground up, and—above all—for
1 free 7-inch ‘“sample” record. | . . ..

the highest praise from musicians everywhere.
| O Enclosed please find $1.00 for 12-inch L.P. |
i record of Schober Organ music. | Send right now for your copy of the full-color
| | Schober catalog, containing specifications of
| NAME | the five Schober Organ models, beginning at
I  ADDRESS I $499. 50. No charge, no obligation—but lots of
| | food for a healthy musical appetite!
| CiTY STATE P |
Ny Rty R |
CIRCLE NO. 123 ON READER SERVICE CARD
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Second in a series...

Can you solve
these problems
in electronics?

They're a cinch after you've taken RCA Institutes’
new communications electronics program.

It includes new preparation for the FCC license plus the
assurance of your money back if you fail to get it.

This one is quite elementary. This one is more advanced.

v

Sge—

LPOOR_E') Ko NG
: " \\

In this door bell circuit, which kind of What is the total capacitance in the above
transformer is T, —step-up or step-down? circuit?

Note: if you had completed only the first lesson of Note: you’d know the solution to the problem if
any of the RCA Institutes Home Study programs, you'd taken only the first two lessons in RCA's new
you'd easily solve this problem. Communications Electronics Program.

These are the lessons that prepare you step-by-
step for an FCC License.

This license is a requirement for servicing all

types of transmitting equipment and can help
open doors to jobs commanding high income in
communications, radio and broadcasting,
aerospace, industrial automation and many others.

For a rewarding career with good pay, take that
$47 g first step now. Send for complete information—
‘UMOp-dels :S1amsuy mail the attached card.
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Marine Communications  Inthe new program 01 Solid

RCA Institutes Autotext learning method

makes problem-solving easier...

gets you started faster towards a good-paying career in electronics

Are you just a beginner with an interest in
electronics? Or, are you already making a living
in electronics, and want to brush-up or expand
your knowledge? In either case, RCA has the
training you need. And Autotext, RCA Institutes’
own method of Home Training will help you learn
more guickly and with less effort.

Wide Range of Courses

Select from a wide range of courses. Pick the
one that suits you best and check it off on the
attached card. Courses are available for beginners
and advanced technicians.

Electronics Fundamentals
Black & White Television Servicing
(Transistorized TV Kit Available)

Color Television Servicing (Color TV Kit Available)
FCC License Preparation
Automatic Controls
Automation Electronics
Industrial Electronics
Nuclear Instrumentation
Electronics Drafting
Computer Programming

Plus these new
up-to-the-minute courses

Semiconductor Electronics
Digital Electronics

Solid State Electronics
Communications Electronics

Build and keep this
valuable oscilloscope.

Prepare for good paying §
positions in fields like these §

Television Servicing
Telecommunications
Mobile Communications
CATV

Broadcasting

State Electronics you will study
the effects of temperature and
leakage characteristics of
transistors.

Nuclear Instrumentation
Industrial Electronics
Automation

Computer Programming
Solid State

Electronics Drafting

March, 1970

Variety of Kits—Yours to Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a multimeter, a fully
transistorized breadboard superheterodyne

AM receiver, and the all-important oscilloscope.
These 4 kits are at no extra cost. Compare this
selection with other home study schools.

Two Convenient Payment Plans

Pay for lessons as you order them. No contract
obligating you to continue the course. Or, you can
take advantage of RCA's convenient monthly
payment plan. No interest charges!

Classroom Training Also Available

RCA Institutes operates one of the largest technical
schools of its kind. Day and evening classes. No
previous training is required. Preparatory courses
are available. Classes start four times a year.

Job Placement Service, Too!

Companies like Bell Telephone Labs, GE,
Honeywell, IBM, RCA, Westinghouse, Xerox, and
major radio and TV networks have regularly
employed graduates through RCA Institutes’ own
placement service.

All RCA Institutes courses and programs are
approved for veterans under the new G.I. Bill.

Send Attached Postage Paid Card Today.
Check Home Study or Classroom Training.
Accredited Member Nati¢nal Home Study Council.

IF REPLY CARD IS DETACHED, SEND THIS COCUPON
RCA Institutes Inc.

Home Study Dept. 240-003-0
320 West 31 Street
New York, N.Y. 10001

Please send me FREE illustrated career catalog.

Name___ - Age
{please print)
Address e
City State Zip
L I L e s |
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It took more than skill
lo design the world's

smallest complete mobile

5-walt GB
lransceiver

2 3 9 23 =

1 4
@,un:n o Ql.p:-__sxﬁuzn:. : vn
SRS Y YTy | e v

—

Jrl oo Messengeri2s 999

Only the famous Johnson ‘“‘talk-power’ is big as ever on Johnson'’s
radically new Messenger 125! Virtually every vehicle on the road,
including the 1969 and 1970 models, can easily accommodate this
versatile new radio. Its far-ahead features make operation extremely
simple and enjoyable. Best of all, we sliced the most out of the
price!

Features
m 5 push button channels—no knobs ® slide-lever vol. and squelch

m World’'s smallest panel configuration—1%” by 4'%,”, just 7” deep
m 4 watts output at 13.8 VDC m Accessories for portable use

E. E. JOHNSON €0,

l WASECA, MINNESOTA 56093
®
CIRCLE NO. 135 ON READER SERVICE CARD
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John G. Hoad, first chairman of National Engineers Com-
mission on Air Resources (NECAR), a newly formed com-
mission of the Engineers Joint Council (EJC), started calling
signals for what could very well be man’s last “down” in
his drive to rid “modern” world of one of its greatest
scourges—air pollution. NECAR, representing almost half
a million engineers, will attempt to educate, advise, and
work actively with the public; federal agencies; regional,
state, and local governments; industry; and other profes-
sions. Let us all root for a touchdown . . . and while we're
on the subject, late last year we were invited by The Cop-
per Development Association, the trade group of the copper
industry, to see its contribution to anti-pollution battle—an
electric, pollution-free car powered by a 1700-pound set of
lead-cobalt batteries produced by Electric Fuel Propulsion
of Detroit. Model was quite maneuverable and had rapid
acceleration. Has range of 150 miles at 40 mi/h before
batteries require recharge. Mass-produced price between
$3500 and $4000 and operating costs about 2¢ per mile. . ..
Automobile giants please note that at recent International
Electric Vehicle Symposium sponsored by arm of the Edison
Electric Institute, an association of investor-owned utilities,
a great deal of excitement was generated over new electric
vehicle that has great potential for use as delivery vans.
Post Office trucks, in-plant transportation, and as second
car for two-car families.

Sighted Shrimp, Shocked Same

If economic law of “supply and demand” holds true,
shrimp prices should buck “inflation” tide and start drop-
ping when electronic shrimping system, developed by The
Rochester Corp., a subsidiary of Pauley Petroleum Inc., is
put to full-time use. The electronic shrimping system, by
using an electro-mechanical cable to create a pulsating
electrical field in front of a standard trawler, will literally
shock shrimp from normal daytime burrows to be caught
by trailing net. Shrimping, normally nighttime operation,
can now be extended round-the-clock, thereby helping
shrimp industry increase its catch by approximately 25
percent.

Time-Sharing Tax Returns

The Information Services Div. (ISD) of Honeywell has
designed a new computer service that reduces income tax
computation time from one week (batch-process method)
to 20 minutes (time-sharing method). New service uses re-
mote teletypewriter terminal to feed tax information directly
to Honeywell 1648 time-sharing computer through standard
telephone lines from tax consultant’'s office and receive
computed tax back in office on a multiple-copied 1040
form ready to be signed by client and sent to government
within 20 minutes. ldeal for tax consultants who handle
hundreds of individual returns annually.

Laser Communications Due Soon?

Let's not make light of this, but perhaps 25 years or so
from now man may be projecting his voice thousands of
miles across the country over beams of light. Racing
towards what appears to be saturation point of supplying
frequency channels to accommodate increasing communi-
cations demand, Bell Laboratories’ scientists are in-
vestigating the practicability of using laser light beams for
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Pollution Engineers Carry Ball

transmission of voice, data, and television signals. Before
this can become a reality, communications system devices
that amplify, guide, and receive laser-transmitted informa-
tion must first be developed . . . meanwhile back at CBS
Laboratories, Dr. Peter C. Goldmark, President and Director
of Research of the labs, announced development of system
using laser-beam scanning and satellite communications
that can transmit military reconnaissance pictures directly
from an air strip in Saigon to President Nixon's office in ap-
proximately 15 minutes. Air Force officials claim that pic-
tures produced by the CBS Image Scanning and Recording
System contain highest resolution ever reported in trans-
mission of aerial reconnaissance photographs.

Seeing Electronically

Thanks to research being conducted at San Francisco
Pacific Medical Center, those eternally cloaked in dark-
ness may soon be able to “see” through sense of touch.
Doctors at center have developed a system that converts
image of an object picked up by TV camera into a tactile
image, formed by the vibrations of a planar array of stim-
ulators, placed against subject’s back. Using this system,
blind person can be taught to recognize simple objects in
10 hours or less. Big problem that remains is to refine
present system to make it portable and battery powered.
Similar system, that permits blind to read ordinary printed
material, was described in our November 1969 issue
(“Reading Aid for the Blind”).

People in the News

Dr. John V. N. Granger, Chairman of the Board of
Granger Associates, Palo Alto, Calif., succeeded Dr. F.
Karl Willenbrock as president of IEEE for 1970. . . . Hugh
Robertson, honorary board chairman of Zenith Radio Corp.,
was recently honored at a luncheon for his 45 years of ser-
vice to the company and the electronics industry. Starting
as office manager for Zenith in 1924, he became company
treasurer in 1926, executive vice-president in 1934, president
in 1958, chairman of the board in 1959, and was elevated to
his present post in 1965 . . . and another radio oldtimer, the
venerable Haskel A. Blair, president of University Sound, a
Div. of LTV Ling Altec, Inc., announced his retirement on
January 4. Reluctant to leave electronics scene completely,
he will be available in an advisory capacity as a consultant
to his successor, William Garmon.

What’s New Around?

For habitués of the deep who would like to extend under-
water vision, Burnett Electronics Lab, Inc. offers completely
transistorized, flashlight-battery-powered, basketball-size
sonar system. Unit, called “Diver Held Sonar,” operates on
continuous transmission frequency-modulated principle and
can “locate,” by audio tones, wrecks of ships, planes, other
divers, etc. up to range of 120 yards at depths of 0-200 feet.
Extra set of headphones is included to maintain scuba
diving “buddy” system . .. and for those in management
who would like to see what subordinates are doing without
leaving desk, Concord Communication Systems has the
AVC-10 desk-top audio-video communicator. Operator can
communicate visually and verbally with persons at as many
as five locations simultaneously making it ideal for super-
visory situations, hospitals, and as a security or theft-
deterrent device. A

23

wwWw americanradiohistorvy com


www.americanradiohistory.com

e

Next time you’re in the market for audio equipment, consuit
the all-new, 1970 STEREOQO/HI-FI DIRECTORY first.

I's the most complete, most reliable guide to virtually every new
component on the market:

m amplifiers w tape machines—cartridge,

w tuners cassette and ree!-to-reel

® receivers w speakers/cabinets

m changers and turntables m hi-fi systems

m home TV-tape recorders ® miscellaneous accessories
w cartridges—arms—accessories

No more guesswork—No more mumbo-jumbo sales talk to confuse
you!

You'll know what to look for, what to listen for, how to buy, what to
pay—before you set foot into the store.

Now you’ll be armed with the full technical specifications (and know
what they mean), photos, model numbers, dimensions, special fea-
tures, optional accessories, and prices for each piece of stereo
equipment put out by the world’s leading manufacturers.

PLUS . . . Julian Hirsch (of famous Hirsch Houck labs) on how to
decide upon—and what to pay for—your hi-fi equipment. m Tips on
how to coordinate components, whether you're upgrading your
present system or starting from scratch. m Fascinating articles to
increase your understanding of audio engineering, and the technical
advances that mean better listening for you.

Even if you plan to buy just one piece of equipment in the next twelve
months, the 1970 STEREO/HI-FI DIRECTORY is your most important
first step. A must for anyone concerned with good listening ... and
sound buying!

GET THE DELUXE LEATHERFLEX-BOUND EDITION for just $3.50 POSTPAID!

The 1970 STEREO/H!-Ft DIRECTORY is also
available in a splendid deluxe edition. Rugged
Leatherflex cover provides lasting protection yet
is softly textured and gold-embossed for the look
of elegance. A collector’'s item—a superb addition
to your permanent reference library. And it’s yours,
for just $3.50 postpaid, when you check the appro-
priate box on the order form.
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- i GUIDE
/l D ! Latest 'Podels

np Latest Prices
RY s puds

STEREQO i |

weLres WETI
HOMSE TV-TAPE
RECORDERS

Bring Your Reference Library Up to Date!

If you've missed any of these current and previously
published handbooks, a wide selection is still avail-
able. Just circle the corresponding numbers on the
coupon below.

ELECTRONIC EXPERIMENTER'S HANDBOOK-—148 pages
of the most fascinating and challenging construction proj-
ects for electronics hobbyists. 1969 spring—#88
1969 winter— 85 1968 spring—#84 1968 winter—#50
1966 spring— =36 1966 fall—%39 1965 fall—#9

TAPE RECORDER ANNUAL—Covers every aspect of tape
recording ... plus complete buyer's guide.
1969—~+#81 1968—#59

STEREO/HI-FI DIRECTORY —Giant buyer's guide complete
with photos, specs, prices. 1969—+#82  1968—%=56

ELECTRONICS INSTALLATION & SERVICING HANDBOOK
—Covers all 8 areas of consumer electronics servicing—for
the serviceman and hobbyist.

1969—#83  1968—#58 1967—743

COMMUNICATIONS HANDBOOK—Fact-packed pages for
the CB, SWL, or HAM . . . plus equipment buyer's guide.
1969— %86 1968~+53 1967—#47

ZIFF-DAVIS SERVICE DIVISION, Dept. SD » 595 B'way *» N.Y., N.Y. 10012
Please send me the 1970 STEREO/HI-FI DIRECTORY. | want the:

[J Regular Edition—3$1.35 plus 25¢ for shipping and handling. ($2
postpaid, for orders outside the U.S.A.)

{1 Deluxe Edition—$3.50, postpaid. ($4.50 postpaid for orders outside
the U.S.A)

I"'ve circled the numbers of additional annuals 1 wish to receive.

9363943475053
each 56 58 59 82 84 85 88

) am enclosing a total of $__ for the annuals ordered
above. |'ve added an additional 25¢ per copy for shipping and handling.
(For orders outside the U.S.A., all regular editions are $2.00 per copy,
postpaid. Deluxe editions are $4.50 per copy. postpaid.)

81 83 86

print name

address

city

R EW-3-70
state zip

PAYMENT MUST BE ENCLOSED WITH ORDER
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(Editor’s Note: Part 1 of this article cocers the read-write
and read-only (ROM) randonmi-access and sequential-aceess
IC memories being produced today in an attempt to capture
the computer memory market. The potential of bipolar,
MOS, and bipolar/MOS memories and their advantages, as
compared with ferrite-core memories, in capacity, specd,
and cost, are discussed. Part 2 will cover some of the current
applications for IC memories and their future, based on the
research and development that is now under way.)

NTEGRATED-circuit developments indicate a trend
toward a merger of logic and storage functions pertinent
to digital systems. Memory and logic IC’s are being made

vith the saume basic transistors so that they are compatible in
electrical characteristics. speed, power, and packaging. The
monolithic chip containing the storage cells frequently con-
tains the decoding, sense, and drive circuitry as well. Often,
in fact, the dividing line between logic and memory cannot
be clearly drawn.

Generally, the system designer uses memory IC’s as “build-
ing blocks” rather than purchasing preassembled memory
svstems. Economically, it made sense to handle magnetic
memories as preassembled subsystems because they do not
lave the same sense, drive, and power-supply requirements
as logic IC’s. Now, the reverse is generally true—it costs
little. or nothing, to interface logic and memory IC’s, giving
the designer freedom to organize subsvstems without having
to accommodate conflicting component characteristics.

As a result. the range of memory IC applications is be-
coming very broad, running the gamut from computers to
visual displays. Memory IC’s are being used not only for
conventional memory functions, but as replacements for
analog devices, components such as delay lines, and even
logic IC assemblies, as well.

IC’s are not yet cost-competitive with large-core memories,
although this is the main goal of LSI (large-scale integration)
development efforts. At present, the principal large-computer
applications of memory 1C’s are high-speed scratchpad, buff-
er, and control memories. However, IC’s are rapidly becom-
ing the dominant memory form in minicomputers and elec-
tronic calculators and could conceivably become the leading
small-computer memory technology soon, judging from the
number of small computers being developed with semi-
conductor main memories.

Semiconductor Memory Families

Both random-access and sequential-access types of mem-
ory IC’s are being produced as “standard” building blocks—
devices made for off-the-shelf use, as opposed to custom or
in-house designs. Memory 1C’s can also be used to assemble
associative, or content-addressable memories, with additional
external logic IC’s. Associative memory IC’s are being devel-
oped with the required logic on the chip.

Both read-write and read-only types of memories are found
in the two families. The read-write, random-access types are
typically organized as an X-Y array, similar to the two-D core
plane, while the read-write sequential-access circuit is gener-
ally based on the shift-register design. The basic read-write
storage cell is a simple flip-flop or latching circuit while in a
read-only memory (ROM) IC. the storage cell is usually
single transistor. Usually, transistors representing binary “0”
bits are made inoperable during circuit processing. so that
only operable transistors produce a “1” bit when selected.
The transistors are arranged in an X-Y array that may be
accessed randomly through decoding logic or sequentially
through counting registers and decoding logic.

Read-write types of semiconductor memories usually read
out nondestructively, but are volatile. The flip-flop cell
assumes the state of the binary input bit, which can then he
sensed in random-access arrays or shifted out of serial arrays.
Storage is volatile because the flip-flops will quickly assume
a random state if the power supplies providing biasing volt-
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PART 1

By DALE MRAZEK

National Semiconductor Corp.

Part 1 of an article that describes
recent advances being made in the
IC memory field. Emphasis is placed
on the application of bipolar and
MOS processes to produce read-write
and read-only IC memories that are
compatible with logic 1C’s, thus
facilitating logic/memory design.

Photomicrograph of National Semiconductor 1024-bit ROM.

+
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TECHNOLOGY CELL AREA CYCLE POWER cost IC CAPACITY
(sq mils/bit) TIME 5 (per bit) (in bits)
(per bit)
Ferrite core 1000 to 2000 600 ns-2 us About 20 mwW 114,-8¢ —_
Bipolar IC 100 to 250 1o & 10 to 35 mW 50¢-$5 4,8, or 16 Table 1. Physical, cost, and
(typic performance comparison of
ferrite core and I1C memories.
P-MOS serial 250-500
and read-write 50-100 ns/bit 1 W to 1Y, mW 214 -10¢ 32 to 512
P-MOS ROM 10 (typical) 350 ns-2 us Y, to 14, mW 1.5¢ 256 to 2048
NOTE: This data applies to memory IC’s in mass production for general use.

ages should fail. Although this is not a serious problem. par-
ticularly if only small amounts of data are stored temporarily,
the loss can be prevented by incorporating a small emergency
battery supply.

Read-only semiconductor memories are as non-volatile as
other “wired” types of memories, for example core-rope mem-
ories, and readout is considered nondestructive. However.
some types of ROM’s exhibit a form of destructive readout
whereby bit selection is controlled by “dynamic” circuits
that must be clocked continuously while processing the ad-
dresses. If the clock is stopped, the address is lost and the
output will go to zero and be restored only when the clock is
resumed. Static-type ROM select circuits. which need not be
clocked continuously, avoid this problem.

MOS and Bipolar Elements

Virtually all standard memory IC’s are produced either
by the bipolar or MOS p-channel processes. Bipolar refers
to the familiar planar silicon process used to make n-p-n and
p-n-p transistors and most linear and logic 1C’s. Bipolar
memory [C’s, as a rule, contain n-p-n transistors as switch-
ing, sense, and drive elements, and diffused resistors as load
elements. MOS, for metal-oxide semiconductor, produces the
insulated-gate, field-effect transistors known as MOSFET’s.
MOS memory IC’s customarily emplov MOSFET’s as load
elements, as well as using them as switching, sense, and drive
elements.

The bipolar technology is used primarily for small, high-
speed random-access read-write circuits and small shift-regis-
ter types of memories. MOS is the processing method gener-
ally used for medium-speed random-access read-write 1C’s
and for almost all large read-only and sequential memories.

Table 1 lists the reasons for these splits in the semicon-
ductor-memory family tree. Bipolar circuits are extremely
fust but costly because of their small capacity and relativelv
high power dissipation. They are chiefly used in computer
main-frame scratchpads and in other applications where
speed is the paramount selection factor. MOS, on the other
hand, features high capacity per chip, low cost, low power
dissipation, and medium speed (250 ns). While not as fast as
bipolar, it is considerably faster than most core memories.
Therefore, when a semiconductor memory is desired, MOS
is generally chosen today for all functions that can be per-
fermed at medium to low speeds.

Basic diflerences in the production processes are respon-
sible for the applications trade-offs. One slice of silicon
crystal has enough space for several hundred 1C’s about 0.10
square inch in area. Each bipolar IC requires approximately
150 process steps to produce about 100 n-p-n transistors and
their associated diffused load resistors, while about 235 pro-
cess steps will produce 1000 or more MOSFET’s in the MOS
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integrated circuit. MOSFET’s are small, single-diffused de-
vices; n-p-n transistors are relatively large, double-diffused
devices.

Bit-storage capacities of read-write production I1C’s are
typically 4, 8. and 16 bits for bipolar IC’s and 32 to 312 bits
in MOS IC’s. Bipolar ROM’s are presently at about the 64-
bit level, although Motorola reports developing an array con-
taining 128 emitter-follower transistors and 8 buffers. MOS
ROM’s with 256 to 2048 bits are in mass production. Design
engineers are aware that the next plateau for standard MOS
ROMI’s, 4096 bits. should be reached before long.

The cost figures in Table 1 are ballpark estimates which
vary with memory size. It is difficult to make valid compari-
sons of magnetic and semiconductor memories today be-
cause core technology is oriented toward large main memor-
ies while semiconductor production emphasizes small-storage
functions. IC prices vary widely with the total of bits-per-
chip and the number of circuits ordered. Operating charac-
teristics also have different meanings; for instance, the user
of bipolar IC’s will usually try to utilize the full speed of bi-
polar, while the MOS user will frequently use a speed less
than maximum and reduce power dissipation.

Capacities per chip may seem small to engineers accus-
tomed to specifying core memories. Memory IC’s are usually
assembled to build up words of the desired length. Unpack-
aged chips may be interconnected on a small ceramic sub-
strate, as hybrid IC’s, although assembly of packaged cir-
cuits is the most common practice. The packages are the same
as those used for comparable logic 1C’s—hermetically sealed
metal packages for MOS and hermetically sealed metal and
ceramic or molded packages for bipolar. About ten 1C pack-
ages take up a cubic inch in an assembly. The volumetric
efficiency of high-density core planes is reached in a 16-pin
dual in-line package 1C with a capacity of 256 bits—a point
that MOS has already surpassed.

Memory IC’s generally neet the same electrical and en-
vironmental specifications as logic 1C’s. According to a recent
NASA report, the reliability of bipolar and MOS circuits is
0.016 percent per 1000 hours at the 60 percent confidence
level. No direct comparisons between failure rates of mag-
netic cores and 1C storage cells can be made, but life tests ol
MOS shift registers made at National Semiconductor (“MOS
Integrated Circuits Reliability Report”, November 1969) in-
dicate that the failure rate of flip-lop type cells is 0.00011
percent per 1000 hours at 60 percent confidence. Like logic
IC’s, memory IC’s can operate at temperatures to 125° C, a
capability that is expensive to achieve in magnetic memories.

1C Operating Characteristics

Most bipolar memory IC’s are practically identical in op-
capability that is expensive to achieve in magnetic memories.
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IC’s. This means that they operate at a Ve of 45 volts ref-
erenced to ground, sense a signal near ground as logic 07,
and one at 2 volts or higher as logic “1.” Ordinarily, TTL
gates operate at rates of 20 MHz or higher, but since mem-
ory IC’s are considerably more complex than simple logic
IC’s, read-write cycle time is typically 100 ns rather than
50 ns. Fanout is typically 10.

High-threshold MOS logic circuits sense a signal near
around (which may be arbitrary) as a logic “0” and sense
the more negative signals as logic “1”. A change of about
—24 volts in the MOSFET’s gate-control voltage is usually
required to switch the device. Operuting frequency of high-
threshold MOS logic is typically limited to 1 or 2 MHz. MOS
is a high-impedance teclmology and long RC time constants
cannot be avoided (although they cun be compensated for in
special designs).

During the past two years, a type of MOS that is compat-
ible with bipolar logic (DTL. or diode-transistor logic. as
well as TTL) has been produced. It is now the preferred tech-
nology for MOS memory IC’s. Low-voltuge MOS can sense
signals at bipolar levels and eliminate the former require-
ments for interfuce circuits (voltage translators). These cir-
cuits can switch with a gate-voltage swing of only 14 to 18
volts. Bias or clock voltages can be obtained or derived from
standard +5- and =12-volt power supplies. MOS logic IC’s
compatible with these MOS memory IC’s have been devel-
oped.

There is no absolute limit on the fanout of MOS circuits
into MOS circuits. Fanout depends upon the repetition rate.
Fanout of MOS into bipolar logic is generally better than 1.

Conventional high-voltage MOS is still being used for stor-
age in some custom designs for all-NOS systems. However,
the majority of new systems are a combination of bipolar
logic and MOS memory, giving low-voltage MOS a consider-
able competitive advantage over and above a number of per-
formance advantages. Functions such as clock formatting,
data multiplexing, and serializing of parallel memory outputs
can be done at several times the normul MOS maximum rate
to minimize cycle times. Only bipolar logic has the necessary
speed for these control functions. In addition, the faster the
MOS memory can run, the more efficiently associated data-
processing circuits, which are usually bipolar, can operate.

Merely coupling the MOS input and output stages to bi-
polar gates significantly improves MOS performance, mainly
because bipolar gates can detect lower voltages. Low-impe-
dance signal sources and receivers are substituted for high-
impedance ones, and the reduction in signal-voltage transi-
tions permits reductions in bias and clock voltages. MOS cir-
cuits that operate at 1 or 2 MHz in all-MOS systems can
usually be speeded up to 2 to 4 MHz in bipolar/MOS sys-
tems. In some special designs, optimized for a given applica-
tion, rates as high as 10 MHz have been achieved.

The TTL/MOS/TTL interfaces for building-block cir-
cuits are shown in Fig. . The shift register or serial-memory
type of interface (Figs. 1A and 1B) permits coupling of
MOS devices within the serial string, while the ROM type of
interface (Fig. 1C) provides high-speed operation of paral-
leled ROM’s when £12-volt supplies are used. The input pull-
ups, accomplished with 2-cent resistors, assure that input sig-
nals rapidly make the transitions between the TTL “0” and
“1” levels, while the resistors at the outputs sink the —1.6-
mA current from the TTL receiving gates.

Pulling the input to 10 or --12 volts instead of only to
V(5 volts) in large ROM’s doubles the shift register’s
frequency and reduces the access time to between 0.5 and
1 us. Some devices designed to be used singly between TTL
gates will operate at low frequency without the resistors,
but in such cases performance will generally be marginal.

Most engineers are familiar with the operation of n-p-n
transistors, but further information on NIOSFET character-
istics may be useful. MOSFET’s are switched by a gate-
control voltage (the clock in shift registers) that biases the
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IC’s. (A) Low-speed and (B} high-speed interfaces for serial
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Fig. 2. Application of negative voltage to gate electrode of the
MOSFET causes channel region to invert from ““n’’- to ‘'p’'-type

silicon, allowing current to flow between source and the drain.
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gate electrode negative. This electrode, the gate insulation,
and the silicon substrate form a capacitor, which must be
charged to a threshold voltage to switch the transistor “on.”
At this threshold—2 volts in low-voltage devices under zero-
bias conditions—the silicon in the channel region “inverts”
from the normal n-type to p-type semiconductor. Current can
therefore flow through the p-channel that is formed between
the p-type source and drain diffusions, shown in Fig. 2.

The MOSFET’s in memory IC’s are small, verv-high-im-
pedance devices with the exception of output buffers. Their
R,, is about 50k-ohms, R, about 10'® ochms, and input ca-
pacitance only about 0.04 pF. Consequently, internal RC time
constants are short, about 2 ns. Operating rates are therefore
limited by the output MOSFET’s, which have high capaci-
tance because they are made large to reduce R,,. A low R,
is essential in interface devices to reduce RC time constants.
Output time constants in a MOS/MOS couple are typically
500 ns to 1 ps. This can be reduced to as little as 250 ns in a
MOS/TTL couple because the RC values are smaller.

As a trade-off, the MOSFET’s are much smaller than n-p-n
transistors and have lower average power dissipation, that
is, the R term in the general power equation, P = E2/R is
much larger. Power dissipation in a tvpical MOS read-write

28

~WWW.americanradio

<

DATA OUT

Fig. 3. Sequential access 256-bit MOS ROM. (Top) Layout of circuits
making up (left) the chip and (right) the cascade arrangement when
a word series longer than the standard 256-bit capacity is required.

memory is well under 1 mW per bit, while in a typical bipolar
memory it is greater than 10 m\V per bit. The average power
dissipation is much less in a MOS ROM because most of the
cells are inactive at any given time. In addition, bipolar IC’s
have a higher proportion of buffers to storage cells because
of their smaller capacities. The average power dissipation/bit
ranges for p-channel, low-voltage MOS and bipolar are given
in Table 1.

Read-Only Memories

Bipolur und MOS ROM’s have applications similar to core-
rope and transformer read-only memories. MOS ROM’s pre-
dominate at present because of cost factors. Bipolar ROM'’s
are used now only in applications where speed is the para-
mount consideration, such as microprogramming in large
compulers. The majority of bipolar ROM’s produced have
been diode arrays storing about 100 bits, rather than n-p-n
fransistor arrays.

MOS ROM’s are made in 256-, 512-, 1024-, and 2048-bit
capacities, as standard sizes. Some 4096-bit MOS ROM’s,
as well as a variely of odd sizes for special applications,
are being produced. MOS ROM’s larger than 2048 bits are
not difficult to design, but are costly because of small pro-
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Fig. 4. Organization of the parallel-address, parallel-output
MOS ROM where the memory array is accessed randomly.

duction vields and it is usually cheaper to make the meniory
with smaller ROM’s. Standard MOS ROM’s appear to be
setlling down to 4-bit and 8-bit word organizations. Since
capacities higher than 256 bits are readily obtainable the
256-hit sizes generally are more complex. In any size, though,
decoding logic is usually located in the chip.

Each bit of storage in the larger arrays requires about
1%5 MOSFET’s—one transistor to store a bit and the other
L in the common control logic and sense circuitry. Bipolar
ROM’s are generally decoded off the chip to allow for diffu-
sion of the maximum number of storage cells on the chip.
However, in future large-scale bipolar arrays, decoding will
probably be done on the chip.

Generally, the ROM is programmed to order; the system
designer supplving a truth table or other notation of input
output functions needed for his application. The table is a
guide as to which transistors in the array should produce a
logic “1” output when selected by the address input, and
which should be prevented from switching, producing a “0”
output.

Some bipolar arrays can be programmed by the user with
the fusing-link technique. This technique is not used on MOS
ROM’s and is suitable only for devices that have no control
or sense circuits, or those with only a few such circuits that
can be bypassed. All the transistors are connected wilh thin-
film wiring to make them operable as fabricated, but the
wiring to each cell is narrowed down at some convenient lo-
cation on the chip, such as in the emitter lead. A high current
pulse is then applied to the “0” bit lines, melting the fusing
link.

The fusing-link teclhnique is not popular with MOS man-
ufacturers because control and sense circuitry would have to
be made very large to provide the fusing surges; and it is
laborious compared with the masking methods used for mass
production. Furthermore, most of the chip surface is already
occupied by fine-line wiring and broadeniug the lines would
seriously reduce ROM capacily. One exception is used by
Autonetics, which has a method of cutting selected lines with
a laser beam, to program one or a few ROM’s.

In most cases, the manufacturer alters the etching mask
that controls the thin-film electronic pattern or the mask that
controls thickness of the NIOSFET gate oxide. Mask-prepa-
ration costs per bit are insignificant over a production run.
However. if fewer than 100 ROM’s are to be mnade, a tooling
charge of $500 to $1000 is incurred by the customer. This
charge may Dbe avoided by buving one of the preprogrammed,
standard-function ROM's that are just starting to come
on the market. National Semiconductor, for instance, makes
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Fig. 6. Implementation of logic functions with read-only mem-
ories. (A} Truth table function reduces to the (B) function
Z=BC + AB + ABC and can be implemented with 8 bits in ROM
or with (C) three logic gates. Today much more complex (D}
functions are being accommodated by read-only memories.

several preprogrammed ROM’s for table lookup of standard
malh functions and for display-character generation.

The oxide-programmed method. whereby the gate oxide
is left too thick, alters the switching threshold of the “07”
hit MMOSFET’s so that they will not turn on. The alternative
is to either etch away the gate electrode metal, etch open
the wire to the gate, or open some other connection to the
cell. Fig. 3, top illustrates the situation where the drain con-
nection is etched open.

MOS ROM Applications
Although the MOS ROM of Fig. (Continuced on page 64)

29

wwWw americanradiohistorv com


www.americanradiohistory.com

RECENT
DEVELOPMENTS
IN ELECTRONICS

British Defense Communications Satellite. (Top left) This
satellite carries the flags of two nations, the U.S. and Great
Britain. Designed and built for the United Kingdom by Phiico-
Ford under a U.S. Air Force contract, it is the first of two
such satellites that will provide communications for the Britich
Skynet defense system. The satellite was launched by NASA.
Once in orbit it was handed over to Britain's Royal Air Force.
The satellite will be positioned in a 19,324-nautical-miie-high
synchronous equatorial orbit, over the indian Ocean off the east
coast of Africa. This will provide Great Britain with a highly
secure communications link between points as far apart as Eng-
land and Singapore. The Skynet satellite is compatible with the
U.S. Initial Defense Satellite Communications Systems which
became operational in mid-1967. Twenty-six satellites are now
in orbit as part of the U.S. IDSCS system, which is the world’s
first global military communications satellite network.

German Satellite Ground Station. (Center) The West-German
Post Office now has its second ‘‘ear’’ directed towards space.
The second antenna of the earth station at Raisting near Mu-
nich has been officially opened. The Post Office is now able tc
establish simultaneous connections with communications sat-
ellite ground stations in the U.S. and in East Asia. While the
previous antenna was driven by means of hydraulic motors, the
new antenna uses thyristor-controlled electric motors. [n con-
junction with the automatic tracking system, the antenna can
be tracked to an accuracy within a few hundredths of a de-
gree. Parametric amplifiers are used to handle the extremely
weak signal powers received from the Intelsat communications
satellites. These amplifiers have a gain of 10,000 with a 500-
MHz bandwidth; they operate below 20 degrees K in liquid heli-
um. A third installation of this type has been planned as a
standby installation and for a number of special applications.
Probably a fourth installation will be made in the future to oper-
ate in conjunction with the Franco-German communications
satellite Symphonie. Contractor for installation was Siemens.

Lower-Cost Instant-Replay TV Disc Recorder. (Below left)
The instant-replay feature that is widely used in television
sports broadcasts is made possible by means of a magnetic
disc recorder. This recorder is able to store and play back up
to 30 seconds of action in full color. Stop motion and slow mo-
tion can also be used when desired to show details of any event.
The same manufacturer of this equipment, Ampex, now has a
lower cost version of this device for black-and-white TV pictures.
This disc-recording system is intended for use in closed-cir-
cuit TV applications in education, industry, medicine, research,
and sports, or wherever slow or stop motion is required for
close study of recorded TV pictures. Price of the new unit
starts at $8000. (The commercial color-TV version has a
price around $100,000.) Up to 2400 black-and-white TV pic-
tures are available for detailed and lengthy analysis, so that
the unit can be used as a random-access slide projector by
broadcast TV stations. The device continuously records infor-
mation from a TV camera, with the last 714 to 80 seconds al-
ways available for replay. Pictures are viewed on a TV receiv-
er. As new information is reccrded, the old signals are erased.

30 ELECTRONICS WORLD

radiohistorv com


www.americanradiohistory.com

Giant Accelerator for Cancer Treatment. (Top right) A huge ac-
celerator built for radiotherapy of cancer is shown here under-
going final testing at the manufacturer's plant. This high-energy
device produces an accelerated electron beam with energies up
to 32 million electron volts and x-rays with energies of 25 mil-
lion electron volts. The accelerator is being built for the Uni-
versity of Texas' M. D. Anderson Hospital and Tumor In-
stitute. Manufacturer of the giant cancer fighter is Raytheon.

Day-Night Surveillance TV. (Center) This picture, photo-
graphed directly off the screen of a TV monitor, was made at
9:30 in the evening with only moonlight as illumination. It dem-
onstrates the night-seeing capability of the new Westinghouse
round-the-clock TV surveillance system that needs no adjust-
ments throughout its 24-hour vigil. Some versions of this sys-
tem use the highly sensitive secondary electron conduction TV
pickup tube. This was the tube that was supposed to have pro-
vided color-TV coverage of the recent Apollo-12 walk on the
moon. Perhaps the tube's sensitivity was its own undoing as it
was reported that camera failure resulted when sensitive TV
camera was inadvertently pointed at sun or at sun's reflection.

New Credit Card Uses Imbedded Magnetic Lines. (Below left)
Look closely at your next new credit card. It may have on
the reverse side a thin strip less than 145 inch high by less than
3/ inch long containing a pattern of closely spaced lines made
of imbedded iron-type material. When this card is inserted into
the low-cost (about $100) reader as shown in the photo, the
lines are magnetized and read off directly into a computer. The
individual owning the card is then immediately identified and
his account can be billed automatically for a purchase. Unlike
punched holes, which obliterate some of the printed matter on
the card, or unigue numbers, which must be read by expensive
optical scanners, this system has neither of these drawbacks.
Because the lines are indented into the plastic, the card, de-
veloped by Synergistics, Inc., will take considerable abuse.

Pulse Code Modulation Stamp. (Below right) The British stamp
shown in the lower left-hand corner of the photo has been
issued to honor the invention of pulse code modulation. One of
the most important uses of PCM is to transmit many audio
channels simultaneously over a single circuit. It is also widely
used in our space program for voice and data transmission and
telemetry. Alec Reeves (left), inventor of the technique and a
leading electronics engineer with ITT laboratories for more than
25 years, is receiving a first-day cover with the stamp from
Stanley B. Marsh, managing director of Standard Telecommuni-
cation Laboratories, in Harlow, England, a British unit of ITT.
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An Instructor Looks at—
The TV-Technician Shortage

By L. GYARMATHY / Associate Professor

Electronics Dept., Los Angeles Trade-Technical College

Highlights from speech delivered to national service managers of radio-TV
manufacturers at a recent EIA(Electronic Industries Assn.) conference.
Here are suggestions on how to bring more men into the service industry.

HY is there a shortage of competent TV technicians? Why

are there so many Better Business Bureau complaints and

lawsuits against TV repair shops? Why is there a stigma
attached to the TV technician in some localities?

The shortage of good technicians explains the many com-
plaints and troubles; and the troubles in the field may explain
the shortage. But why does this have to be at a time when there
is so much TV viewing and so much hi-fi listening? Why
shouldn't there be a pleasant, lucrative, and satisfying supply-
and-demand situation?

From my vantage-point as a close ally of the service industry,
for the past thirteen years on the education-training end
of it, | will list as many factors as | can and try to suggest pos-
sible avenues of improvement and remedies.

The Bright Young Men

In my experience, two main types of young men go into
radio-TV servicing. Let us refer to them here as Group A and
Group B.

The Group-A man looks forward to having his own shop and
dealing with customers. He hopes and tries to prepare himself
for a growing, prospering business. He has energy, enthusiasm,
and determination. He knows that after his training he will
probably have to work for somebody else for a while—to save
up some money and gain technical experience at the same
time—but he would not give up his dream of striking out and
being his own boss some day soon.

This fellow could be the backbone of the service industry
because, if he succeeds in having his own business, there is
a good chance that he can and will do well. However, if finances
won't permit him to establish his own business, he will find
himself having to work, permanently, for a service organization,
or a smaller outfit—and that's where disillusionment sets in.

He will now see that the pay is not commensurate with his
training and not comparable to what he can make in industrial
electronics. His chances for advancement are poor compared
to work in industry with its frequently better working conditions,
guaranteed raises, and other opportunities for promotion.

Well, this bright young man, who should be the backbone of
the TV service industry, will move over into industrial electronics
very soon. Hourly rates of $2.20 to $3.20 just can't compete
against $3.20 to $4, plus the other advantages.

The Other Group

Let us now consider Group B. in this group we find the young
man with a comfortable sort of self-defeatist attitude. He feels
he could not master the theory and mathematics needed for
other work so he “just” wants to do radio-TV work. He doesn’t
have the drive of the Group-A fellow; he would hardly dare
dream of having his own shop.

How will this young man fare? He doesn’t really anticipate
that being proficient today in “radio-TV work” requires quite
advanced electronics. Some of these men become “late bloom-
ers” and discover they can learn the circuits and testing tech-
niques. As a rule, they do a good job. Others will find that they
cannot stand the complexity of color-TV circuitry and will run
from it. This is the more fortunate case, because if a man stays
with it by just muddling through the circuits without understand-
ing them, he becomes a dangerous, notorious tinkerer.

| have described two main, characteristic groups. Of course,
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there are in-between cases. There are, fortunately, also loyal
and highly skilled adherents to the service induslry, but there
are not enough of these. That's why we have a shortage of TV
service technicians. And this picture is getting worse at a time
when more and more color-TV sets are being sold.

What Are the Remedies?

In what way can this situation be remedied? Here are a
few ideas.

Scholarships at the high-school level, funded by the manu-
facturers, could attract more and better students to the field
of radio-TV service. This investment would reap rich rewards,
since we know that one scholarship can motivate many dozens
of youngsters each year.

A committee with members selected from the ranks of the
manufacturers and local vocational school educators should
approach Boards of Education with cogent arguments regard-
ing community needs and request more vocational radio-TV
training at high schools and junior colleges, or wherever facili-
ties are available. Vocational instructors rather than industrial
arts teachers should be used in such programs.

By providing such programs in public schools, we can reach
a large number of prospective radio-TV technicians, including
those from the lower income groups.

At Los Angeles Trade-Technical College we are in a fortunate
position: our instructors must have had at least seven years of
industrial background and have achieved some eminence in
their line of work. Our always over-enrolled color-TV courses
produced Zenith's local chief technician, Magnavox's chief
technician, and RCA Service Company’s (Hollywood branch)
lead technician who recently became supervisor. Three of our
students were hired right out of the classroom for NBC's
(Burbank) Color Studio maintenance. Graduates such as these
recruit hundreds of new students for us.

What can be done for instructors who are to train radio-TV
technicians? Workshops can be established by the TV-set manu-
facturers in the summer time, with pay. In return, the instructors
in the workshop could develop course outlines and shop experi-
ments for the new sets and these, organized and edited, could
be disseminated throughout the training and service fields.
Schools providing vocational training should be given different
brands of current sets. School finances just do not permit pur-
chasing all the representative new models.

Once the scholarships begin moving new blood from the high
schools to radio-TV training, and adequate numbers of voca-
tional courses are made available, the radio-TV industry should
advertise these courses.

| can envision troubleshooting and/or alignment contests set
up by the industry for students, with attractive prizes for the
winners. And for the young man just starting out in his own
business, technical help, financial incentives, even counseling
in business management could be furnished—perhaps through
the above-suggested committee.

Remember Gelett Burgess’ famous four-liner about never hav-
ing seen a purple cow? Well that was before color TV, because
now too many customers are complaining to repair people that
they're seeing impossibilities like that on their TV screens. |
hope that some of the suggestions made here can help the
situation to the point where the customer would be seeing red
only when it is actually being transmitted. A
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Four-Channel

Stereo

—Problems and Solutions

Here are the problems to be solved and possible solutions leading to
iransmission and reproduction of four channels of sterco information.

By DANIEL von RECKLINGHAUSEN / Technical Director, H.H. Scott, Inc.

ITHIN the past few months. popular attention has
turned to a new d-chammel sound. Broadcasts in
J4-channel sound have been made in Boston and New
York. and are plumed for the West Coast. These prograirs
show an increased spatial perspective over 2-cliznniel steren
sound and the listener has a substantially increased listening
area over which good multichannel stercophonic sound can
be heard. A numiber of manufacturers have made 4-charnel
tape recordings and 4-channel amplifiers and tape recorders
are beginning to appear.

The usual designation of the four channels are left-front,
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right-lront. left-rear. and right-rear. Generally. in classical
recording, the two front channels are located closer to the
orchestra and the two rear channels therefore receive more
reverberant information. In popular music. this is not always
the case. and performers may be assigned to any one of the
channels. The listener would have the feeling of being right
in the middle of the performers.

At the time of this writing, recording engineers have con-
cluded that since usage of the four channels cannot be pre-
dicted, it is best to have all four channels of equal transmis-
sion characteristics. Hence. frequency response. noise. and
distortion of all four channels should be equal. Another group
feels that the chamels located behind the listener need not
have the same high quality as the front two channels.

This difference of opinion points up the need for determin-
ing what is a just noticeable degradation of performance in
any one of the chanmels. Tests would also have to be made
to determine what separation is necessary between the four
channels. Another test might determine whether certain
charmels can tolerate more distortion or noise than others.

The present 2-channel stereo svstem was subjected to the
same arguments ten vears ago. Listening tests resulted in the
requirement that the two channels should be of equal quality.
The separation for just noticeable audible degradation should
be at least 24 dB at mid-andio frequency and at least 20-dB
separation should be maintained between 100 and 8000 Iiz.
The standards adopted by the FCC for 2-channel stereo
broadcasting exceed this requirement as does present stereo
equipment.

Tape Recording

In tape recording, it has been standard practice to record a
mumber of channels on the same piece of tape. Professional
recorders with 16 or more channels are available. For home
use various types of multitrack tapes exist. For example,
2-channel. open-reel tapes are available at 7Y% in/s in which
four tracks are recorded with tracks 1 and 3 carrving the left
and right stereo channels in one direction and tracks 4 and 2
the Jeft and right channels in the other direction (Fig. 1).
The 4-channel tapes carry the left- and right-front channels
en tracks 1 and 3 respectively and the left- and right-rear
channels on tracks 2 and 4. Track width, spacing, equaliza-
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Fig. 3. Two methods that have been used to transmit 4-channel ster-
eo in Boston and New York by means of two FM broadcast stations.
tion, frequency response, and noise are exactly the samme as

in 4-track. 2-channel stereo tapes.

For playback of the 4-channel tapes, a 4-channel head
picks up the recorded magnetic flux and a 4-channel amplifier
provides the necessary amplification. The major problem is
to find roo inside the playback head for four magnetic struc-
tures in a space previously occupied by only two. This results
in a lower output voltage and perhaps poorer signal-to-noise
ratio, placing more demands on the amplifier. Because of
closer spacing, cross-talk between the channels is higher than
we have been accustomed to in 2-channel recordings.

Other tape formats are also possible for recording 4-chan-
nel sound. The 8-track tape cartridge is a likelv candidate.
Conceivably, tracks 1. 5. 3. and 7 may be used for one pro-
gram and tracks 2. 6. 4, and 8 for the other program (Fig. 2).
This track sequence would correspond to the 1, 3, 2, 4 se-
quence of reel-to-reel tapes. At the time of writing, playback
heads for this purpose have just become available. Similarly,
the tape cassette, which normally contains two channels re-
corded in one direction and two channels recorded in the
other direction is adaptable to 4-channel sound. Here, the
track sequence might be 1, 2. 3. and 4. However. after each
plaving of such a cassette or reel-to-reel tape, the tape will
have to be rewound before it is plaved again.

As simple as the 4-channel tape system sounds, there is
still room for arguments. The first argument is compatibility:
What is heard by the listener who wishes to start a library
of 4-chunnel tapes and play those on his existing stereo equip-
ment? At the present time, he can listen to either the two
front channels or the two rear chamnels. but in each case he
will not have full compatibility because he will not get the
information from the other two channels. In plaving 4-chan-
nel stereo tapes, it would be possible to sum the outputs
of the left-front and left-rear channels to make a new left
channel and, similarly. to sum the outputs of the right-
front and right-rear channels to make a new right channel.
For this purpose. a 4-channel head would be necessary for
plavback.

Another possible argnment might evolve around the com-
plexity and difficulty of making 4-channel tape plavback
heads, particularly for the narrow track widths. Consequent-
ly, one might propose to use two heads spaced, say 1 in from
cach other, where one head reproduces the front information
and the other onc the rear information. This is the staggered-
liead approach which was used in the early days of 2-channel
stereo tape recordings. More than likely, however, a single
head with all gaps in the same line will be used.

Stereo-FM Broadcasting

Another source of 4-channel program material for the lis-
tener is stereo-FM broadcasting. At the present time there
are two different methods in use, although these may he
changed. In Boston, the two left channels are provided by
station WGBH. The other station, WCRB, provides the two
right channels. (See Fig. 3.) The four microphones are ar-
ranged approximately in a semicircle located near the orches-
tra and the recommended loudspeaker arrangement for lis-

34

tening is in the form of a square (as it is for other 4-channel
playback).

The Boston arrangement has the advantage that two mono
receivers can be used to receive 2-channel stereo. Two-chan-
nel stereo can also be received by tuning to either one of the
two stereo stations. This is the way these two stations solved
the compatibility problem. This is not full compatibility as
talked about above, and it also suffers the problem of having
somewhat different frequency-response characteristics be-
tween the two stations as received on two different receivers.
Also, the relative phase of the signals from one station with
respect to the phase of the signals from the other station is
not controlled. Consequently, loudspeaker reversing switches
are necessary to take care of this problem. Boston’s problems
are somewhat siniplified since the 4-channel programs of
these two stations are live broadcasts of the Boston Symphony
Orchestra, which plays mainly classical music.

In New York, the station arrangement is somewhat differ-
ent. The signals from the front microphones are carried by
radio station WNYC-FM and the signals from the rear are
carried by radio station WKCR. In this case, compatibility is
again a problem because a listener tumed to one station gets
only the front information and the listener tuned to the other
station gets only the rear information—whether he listens in
stereo or mono. The listener with two monophonic receivers
will then have one of his channels provide only the rear infor-
mation and the other one the front information. Here the
listener might miss important parts of the program, for exam-
ple, if it is specially recorded pop music.

At present, the use of two hroudcnsting stations to transmit
4-clannel stereophonic sound is the only way suclh broadcasts
can be made to the public. The reason for this lies in the
Rules and Regulations of the Federal Commmunications Com-
mission, which specifies in detail what types of signals each
radio station can put on the air.

At some time in the future, broadcasts will he made using
the carrier of a single FM station to transmit all four chan-
nels. A new type of multiplex system will have to be adopted
by the FCC if sufficient grounds can be shown that 4-chanuel
broadcasting is in the public interest. The first step is the
proposal of a multiplex system. At the present time there is
one proposal before the FCC (made by William Halstead).
but it is possible that a great number of systems will be pro-
posed over the next few years. As many as 17 different sys-
tems were proposed for 2-channel stereophonic broadeasting
before the FCC adopted a single standard system.

The FCC will probably be operating under the same type
of ground rules that were used in 1955 through 1961. The
first question to be resolved is “How much interference is
caused by a 4-channel sterco broadcast to signals of other
broadcast stations located on adjacent or alternate channels?”
Since these stations are allocated to adjoining cities. interfer-
ence components by one local station may inake the reception
of another distant station more difficult. To minimize such
interference and to protect the broadcasts of the various
stations, the FCC regulates the signal strengths of all stations
on all frequencies. The permissible ratio of these strengths
existing within any one service area of a station is known as
the protection ratio. 1If 4-channel broadcasts require a wider
channel bandwidth than 2-channel or single-channel broad-
casts, more interference components may appear in other
channels and the protection ratio may be reduced. This may
prove to be a stumbling block for certain 4-channel multiplex
systems.

The second question to be resolved is that of compatibility.
Here compatibility will have to be observed in two directions
—up and down. The upward compatibility means that a
4-channel-equipped listener tuned to a mono station will
receive the mono signal on all his channels and will receive
the left channel of a 2-channel stereo broadcast in his two
left channels and the right channel in his two right channels.
Downward compatibility means that a 2-channel stereophon-
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i receiver tuned to a 4-channel broadcast obtains a snitable
mixture of the two right channels in the right-channel output.
Similarly, the single-clannel mono listener would have to be
able to listen to a mixture of all four channels.

In the past, the FCC has defined “suitable” as an equal
proportion of both channels. in the case of 2-channel pro-
gramming. It may be assnmed, therefore, that the mono-
phonic component of a 4-channel broadcast most likely will
consist of an equal proportion (or sum) of all four channels.
Similarly, the two existing stereophonic channels will contain
an equal proportion of the left-front and left-rear channels in
the left stercophonic channel and an equal proportion of the
right-front and right-rear channels in the right channel.

Compatibility goes even further. There should be minimal
degradation in volume to the 2-channel stereophonic listener
amd to the monophonic listener when tuned to a 4-channel
broadeast. From past FCC actions, it will not be satisfactory
to have 4-channel broadeasts accompanied by a greatly re-
dneed or even noticeably decreased volume for existing lis-
teners. This requirement presents some rather formidable
engineering problems and could be the downfall of many
systems that may be proposed in the future.

Other questions that will have to be resolved are problems
existing with practical transmitters and receivers. Audible
cross-talk and distortion may occur when a transmitter is
modnlated with a composite signal comprising the four chan-
nels and listening tests are made with 2- or single-channel
cquipment. Such distortion components would have to be
minimized.

A further guestion to be resolved is the amount of separa-
tion required between the four channels. This can be an-
swered only by a series of controlled listening tests and then
by setting transmitter specifications in excess of those which
result in just audible degradation.

The least of these questions is the ullowable signal-to-noise
ratio within the service area of a station. It has to be deter-
mined whether the addition of two more channels to a signal
degrades the signal-to-noise ratio to such a point that, within
the station’s prime service arca, there will be marginal listen-
ing quality to the four channels.

It is worthwhile to repeat the old truism that one can’t get
something for nothing. In order to get two channels from a
single FA station, signal-to-noise ratio decreases for listening
to weuk signals and distortion due to multipath and receiver
and transmitter deficiencies increase. However, the develop-
ment of new receivers within the past ten vears overcame
many of these difficultics. It is possible that a 4-channel multi-
plex svstem will result in a lesser additional decrease in
signal-to-noise ratio. It may also eliminate the existing back-
ground music (SCA) channel.

One of the further questions to be resolved in each pro-
posed -f-chunnel broadcast system is that of receiver com-
plexity and quality. Most of this complexity will center
around the multiplex decoder section. Here, a system which
uses relatively simple decoder circuits, capable of high qual-
ity, will have a clear advantage over a system requiring more
conmplex circuits.

Phonograph Discs

A difficult problem that engineers will face concerns re-
cording and storing four channels on a phonograph record.
This disc has now been developed to a high state of perfor-
mance capability, but only in two channels. As is well known,
the inner-groove wall of a phonograph record curries the left-
channel information and the outer-groove wall the right-
chinmel information. Since the two groove walls are perpen-
dicular to each other, two channels can be recorded and
played back. But what about four channels?

Experimental stereophonic records of the early 1950’s con-
tained two sections on cach side. Each one had to he playved
with a separate monophonic pickup, mounted on a common
arm. Excellent stereophonic sound could be obtained. but the
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Fig. 4. Possible arrangement for obtaining four channels of
information from a 2-channel disc plus special circuitry.

problem of plaving these records was rather difficult hecause
the two pickup styli had to start at exactly the same lead-in
groove in order to prevent some completely uncorrelated
sounds from coming out of the two loudspeakers. If this
svstem were extended to using two stereophonic pickups,
4-channel sound could be recorded and plaved back on the
same record. From puast experience, this method does not
seem too practical. Similarly, it may be argued that since a
record las two sides, one side could he recorded clockwise
and the other counterclockwise and the record could be
played back with two pickup heads on a conmmon arm, one
pickup plaving the top of the record and the other plaving
the bottom. Again, mechanical and practical considerations
make acceptance of this system unlikely.

We might record a high-frequency subcarrier signal on a
disc. This was attempted a number of years ago. Here the
sum channel was recorded along with a dilference signal as
modulation of an inaudible high-frequency subcarrier. A
multiplex decoder then recovered the two separate signals.
The problems were increased high-frequency noise and sub-
stantial intermodulation between the low-frequency andio
channel and the high-frequency sub-channel. Increased prob-
lems of dust. dirt, and record weur made such a system im-
practical. Consequently, recording additional high-frequency
information on a record will suffer from the sume problems
and will probably prove unsatisfactory.

Are Four Channels Necessary?

But are four channels really necessary to give the illusion
of 4-channel sound? One might recall some sound movies
which were shown shortly after World War IT in which there
was only one sonnd track but there were three loudspeaker
svstems located behind the screen. When the actor spoke
from left stage. the left loudspeaker was operating and when
he moved to right stage, the right-hand speaker produced the
sound. There were problems when there was an orchestra on
one side and a soloist on the other side of the stage. In this
case. the sound would come from the direction of the louder
sound.

This illusion was accomplished by a 25-Hz control signal
recorded on the sound track which caused the various speak-
ers to be turned on and off as desired. A similar system, the
EMI-Percival system, was proposed for stereophonic broad-
casting and it even reached the field-testing stage. However,
since the reverberant information (Continued on page 63)
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Expo '70

By MURRAY SUNTAG / Associate Editor

Here is an invitation from Japan
to all peoples of the world to join
them in attempting to raise hopes
of all mankind by fostering good will
and understanding among nations.

XPO '70, the first World Exposition to be held in

the Orient, will open In Osaka, Japan on March
Smme= 15 and is scheduled to run until September 13.
Osaka, known as the “Chicago of Japan,” is the sec-
ond fargest city and the industrial and business center
of the nation. Because it is geographically focated in
the center of Japan and in close proximity to such cul-
turally rich cities as Kyoto and Nara, and is only 45
air minutes or three hours and ten minutes by train
from Tokyo, Osaka was considered an Ideal location
for Expo '70. More than 70 nations, international or-
ganizations, and private corporations will participate
and, hopefully, contribute more than “lip” service to
the theme of the exposition—"Progress and Harmony
for Mankind”—which is predicated on the concept of
progress in the betterment of human life and harmony
or peace among mankind, based on tolerance and
understanding.

It is estimated that approximately 45,000,000 visitors
(800,000 of these foreign) will have attended Expo '70
before it closes in September. To accommodate these
visitors, there will be a number of both Western- and
Japanese-style hotels within a one-hour’s ride of the
exposition site. In addition, some 600 private homes
in the immediate vicinity of Expo '70 will provide
accommodations for visitors.

Expo °70, constructed on 815 acres of land, is bas-
ically composed of three distinct areas: the Symbol
area, the Exhibition area, and the Recreational area
(Expoland). In addition, a 64-acre Japanese garden
has been constructed at the fair which will serve as a
quiet place for those visitors who wish to relax and
meditate.

The 412 X 2952 foot Symbol area, located in the
center of the exposition, contains exhibits that will, by
all indications, indelibly impress upon the visitor
mankind’s relationship to, and effect upon, the past,
present, and future of the world and the universe. it
is for this reason that the Symbol area—especially the
Theme Hall—a feature attraction of this area, should
not be missed.

The Theme Hall contains a subterranean exhibition
and a 198-ft tall Tower of the Sun (Shown here) flanked
by the Towers of Motherhood and Youth. Fairgoers
will pass from the subterranean exhibition through a
transparent tube directly into the Tower of the Sun.
Four escalators will then carry the visitors up through
the tower to the horn-like wings that egress directly
onto a 4700-ton transparent polyester film roof mea-
suring 958 X 354 X 33 feet, supported above the
ground by groups of steel pillars. It is the sharp con-
trast between the oriental flavor of the three towers
and this modern architectural feat that will hold the
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Saucer-like American Pavilion features largest {274 x 465 foot) trans-
lucent, air-supported cable roof ever built. Exhibit will illustrate
progress in culture, science and technology, as well as phases of
American lite, past to present. Sample of moon rock will be displayed.

viewer spelibound. The entire trip through the Theme Hall takes
about one hour. Once completing this part of the tour, which
actually represents an introduction to the theme of Expo '70, the
visitor is now prepared for other wonders of the fair.

The Exhibition area will contain the pavilions of the participat-
ing nations, international organizations, and foreign and domes-
tic enterprises—each depicting in its own inimitable style its past
history, present endeavors, and future plans. In fact, as indicated
by the symbol of the exposition—the five petals of a cherry blos-
som, where each petal represents a continent—every part of the
world will be adequately represented. Architecture of pavilions
will reflect oriental, occidental, and futuristic tastes.

The Japanese electronics industry is well represented at the
exposition by such prestigious companies as Hitachi, Ltd., Mat-
sushita Etectric industrial Co., Ltd., and IBM Japan, Ltd. In ad-
dition, it goes without saying that all of the Japanese electronics
firms that do business with the United States, but who are not
represented at the exposition, will have their welcome mats out
for those who wish to pay them a visit or are looking for informa-
tion. Some of the American firms represented at Expo are: Ko-

Impressive-laoking Australian Pavilion consists of 3 main elements:
a cantilever that rises to height of 128 feet to form giant ‘‘sky hook’
that suspends 159-foot diameter roof; a 250-foot-long, 25-foot diam-
eter underground exhibition space; and display and information hall.
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Resembling o space ship, p
the Hitachi Group Pavilion
provides visitors with 30-
minute simulated air trip
followed by demonstration
of latest scientific advances.

Model of very modern-p
looking moving sidewalk
used at Expo to transport
visitors to and from gates
to Symbol Area. Walks, op-
erated in transparent tubes,
carry 9000 persons/hour.

dak, Coca-Cola, Sunkist, Encyclopaedia Britannica, Royal Foods,
among others.

Unlike any other exposition ever held, the visitor will be able
to obtain up-to-date information about buildings, roads, exhibits,
visitors, the weather, etc. which will be continuously fed into five
huge electronic computers. Consequently, it will be possible for
visitors at the fair, or people anywhere in Japan, to get pertinent
information about the exposition just by picking up a phone.

For those who find walking anathema, a monorail, an aerial
cableway, battery-powered cars, and moving sidewalks will be
available to transport them from one part of the exposition to
the other. The monorail will contain six four-coach electronically
operated trains that can hold 540 persons and cover the 2.7
miles of monorail in 15 minutes. They will run on a single track
at 2-minute, 30-second intervals.

The cableway contains twenty-two 3080-pound ball-shaped
gondolas each capable of accommodating 15 persons. The gon-
dolas will be operated at one-minute intervals and can cover
its 2871-foot run in 7Y/2 minutes, thereby transporting 1800 per-
sons per hour.

ERTA-TH
HITACH! GRIOUP P

The battery-powered cars, designed for comfort and safety
can accommedate six persons including the driver and will move
around the fairgrounds at a speed of 5 mi/h. Of the 200 battery-
operated cars available, only 70 of them will be used as taxis
while the others will be rented to special groups (exhibitors
and newspapermen)

The moving sidewalks, operating in transparent tubes, will
carry about 9000 persons per hour between the entrance gates of
the Exposition and the Symbol area. And for those who arrive
at the Exposition site by car, free buses will shuttle between the
parking lots and gates, at which point connection can be made
with the moving sidewalks.

For those visitors from the Western world, Expo '70 will pro-
vide a wonderful opportunity to get to know the Japanese peo-
ple and something of oriental customs. What better way can
people become acquainted than by eating, living (rent a room in
a private home), and bathing together (community bath house)?
A littte understanding among people can go a long way in realiz-
ing the theme of this exposition—"‘Progress and Harmony for
Mankind.” A

One of three types of battery-powered cars used at Expo ‘70. All are
semi-open and travel at 5 mi/b ond will accommodate up to six per-
sons, including the driver. Seventy cars will be used as taxis for
fairgoers, 120 cars by distributors, and 10 cars for members of press.
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TELEVISION’S .
BUILT-IN TEST SIGNALS ’

By IVAN MERTES/ Design Engineer, The Heath Company

The vertical-interval test signals transmitted by TV networks can help in
cvaluating TV receiver and provide quick alignment check or need for repair.

LL television signals carry a great many built-in means
A for testing a receiver to pin down a variety of trou-
bles. One set of special testing signals transmitted by
three major networks is the vertical-interval test signals, or
VIT’s. These signals will help vou decide whether to repair
the antenna system, troubleshoot and re-align the r.f. tuner
or i.f. amplifier, or troubleshoot and repair the video ampli-
fier. Making use of VIT’s may help you avoid the tedious
connecting of all vour sweep-alignment equipment, only to
find the real trouble is elsewhere in the system. VIT sig-
nals also Al the void left today by rarely seen test patterns.
Evaluation of receiving systems may be accomplished with-
out regard to the quality of the picture content as seen on
the set’s screen.

VIT’s are primarily intended for evaluation of network
transmission equipment. You probably have seen these sig-
nals before and wondered in passing, “What are these bright
lines here for?” Well, these bright lines can help vou. They
appear in nearly all network color telecasts and will be
found in the vertical-blanking interval.

Contents of VIT’s

To make use of these signals we must know what they
contain. Fig. 1 shows VIT’s as they appear in two consecu-
tive fields of the TV signals. The multi-burst is composed of
a white flag and six groups of video frequencies. The white
flag extends from black level to maximum white level. This
appears on the TV screen near the bottom left side of the
vertical blanking pulse as a solid white portion about 2
inches long on a 293-square-inch screen.

When viewing multi-burst on an oscilloscope, the white
flag serves as a reference. Immediately to the right of this
pulse come sine-wave frequencies in groups at 0.5, 1.5, 2.0,
3.0, 3.6, and 4.2 MHz, respectively, with the 4.2-MHz Dburst
near the right side of the TV screen. Each of these multi-

Fig. 1. VIT's (vertical-interval test signals) are added
to the last two horizontal lines of the vertical blanking.
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burst frequencies is transmitted at equal strength. There-
fore, by comparing the strength of each of these frequencies
after the receiver has worked on them, we have the means
lo measure the frequency response of the receiving system.

The other parts of VIT s—the sine-squared pulse, window,
and staircase—are not nearly as useful to us in servicing
color sets. These signals are useful mainly to engineers with
very high-priced equipment. For example, the sine-squared
pulse has a particular shape that makes it valuable for
checking ringing and such things in video amplifiers. Hope-
fully, the sets we come across in servicing are designed to
keep ringing to an acceptable level. If one shows excessive
ringing, we will start looking for broken resistors across
peaking coils, coils shorted Dy solder blobs, etc., rather than
looking at a test pulse that only confirms what we see on the
screen. The same goes for the window signal—it is fine for
checking amplifier tilt, smearing, and response, but its use
is quite limited for servicing applications.

The staircase signal consists of ten or eleven equal steps,
beginning with the first step at black level and proceeding
up to the white level. Each step is modulated an equal
amount by 3.58-MHz energy. By comparing the amount of
3.58-MHz signal on each of the steps, a check of the re-
ceiver’s lineurity may be made. Meaningful test results from
the staircase require very elaborate equipment beyond the
means of service shops.

Fig. 2 shows the horizontal sweep lines during two con-
secutive vertical-blanking intervals. As shown, there are two
horizontal lines of VIT’s in each vertical blanking pulse:
lines 17 and 18 in field number 1, and lines 279 and 280 in
field number 2.

As seen on the screen of a TV receiver, field 1 will be
interlaced with field 2 and vou will find line 17 followed by
line 279, then line 18 and finally line 280, followed by the
first line of video at the top of the picture. In other words,
near the bottom of the vertical blanking pulse you will see
four bright lines among the dark lines of the pulse. The
upper bright line will be line 17 carrying the multi-burst,
then line 279 also carrying multi-burst, Third comes line 18
carrying the pulse and window, then line 280 carrying the
staircase signal. Immediately below these bright lines will
come the picture information.

To see the VIT’s just described, the set’s height and/or
vertical linearity controls are adjusted to reduce the picture
size vertically. Now carefully adjust the vertical hold control
to interlace the two fields of the picture and prevent “pair-
ing” of the horizontal sweep lines. The multi-burst signals
will now appear just above the picture as two “beaded”
white lines, followed by two more mostly white lines.

On some sets recently manufactured this procedure may
not work and you will see nothing but black in the blanking
pulse even when VIT’s are present. This is because of a very
effective vertical blanking signal, produced in the set itself
and designed to completely eliminate vertical retrace lines
from the picture. To sidestep this, roll the blanking pulse
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Fig. 2. Horizontal line-by-line illustration of composite TV signal. Circled numbers identify each horizontal line.

into view on the screen with the vertical hold control, “rid-
ing” the control to keep things as nearly stationary as pos-
sible. Now, however, VIT’s will probably show as only two
bright lines instead of four, because the set is not interlacing
when the vertical-hold control is misadjusted as we have
just done. This is no problem, though, because lines 17 and
279 will pair up. Since these lines carry the same multi-
burst signal, nothing is lost. The multi-burst signal is the
part of the VIT’s we are most interested in, and pairing the
pulse and window signals and the staircase on the next line
will not lose much for us.

Estimating System Response

Now let’s see how to measure frequency respouse with
VIT’s. Fine-tune the sel as accurately as possible. View
VIT’s by either of the methods just described. If the station
being received is transmitting the test signals, you should
see them as in Fig. 3. What you see here will represent the
frequency response of the entire receiving system from an-
tenna to CRT. In the photograph of Fig. 3, separate white
dots are seen resulting from the peak of each multi-burst
sine wave reaching an amplitude great enough to make the
CRT screen white. Where the amplitude of the multi-burst
is lower, each sine-wave peak will be more gray, and with
very weak multi-burst the screen will remain nearly black.

The highest frequency response of the set will correspond
to the multi-burst frequency group which can just be re-
solved as separate dots on the screen. In Fig. 3 this is at
about 3 MHz, where the dots begin to run together. So we
can say the response of this receiver is good to about 3 MHz.
(Note that the actual TV picture shows more detail than
the small photo reproduced here.—Editor)

Of course, the set’s high-voltage and focusing circuits
must be operating and adjusted properly. Also, some touch-
up of brightness may be called for.

Observing VIT’s with an Oseilloscope

A more satisfactory way to look at VIT’s is with an oscillo-
scope. The first requirement for the scope is that its fre-
quency response must be good at least up to 4.5 MHz before
it rolls off, or it will influence the results. Second, it must
have a triggered sweep. What this means is that with no
signal into the scope vertical input there will be no sweep
generated. When composite video from a TV receiver is fed
to the scope, it may be adjusted to start a sweep only each
time a vertical or horizontal sync pulse comes along. The
advantage of this is that the waveform seen on the scope
screen will be very stable and free of jitters or drifting. This
is what we require if we are to look at VIT’s multi-burst.
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Another important requirement of the scope used is that
it have enough gain to allow use of a 10-to-1 isolation probe.
The isolation probe lets you hook on to high-impedance
points in a circuit without loading the circuit down or de-
tuning it too far. The loss in these probes is usually ten
times and this must be made up by the gain in the instru-
ment’s vertical amplifier. Minimum sensitivity needed is
about 25 millivolts per screen division.

More satisfactory scopes for VIT’s viewing have sweep-
delav provisions. With these instruments any portion of the
displayed waveform may be selected, expanded to fill the
trace, and swept at any desired rate. This means you are
able to take the VIT’s part of a TV signal display on the
scope and, in effect, expand this tiny part enough to fill the
entire baseline without loss of brightness and the jittering
that would be present with simple sweep-expanders.

Measuring Frequency Response with Scope

Using a 10-to-1 probe, clip it on to the color CRT red
cathode. Using a scope without delay provisions, adjust the
Sweep Stability and Trigger Level controls on the scope to
obtain a stable trace with two horizontal lines of the TV
signal (two horizontal sync pulses should be visible). Now
turn the scope brightness up and very carefully adjust the
stability control to either end of the range where the trace
brightness drops suddenly. With sufficient patience, the
horizontal lines carrying the VIT’s will come into view as in
Fig. 1. Look first for the staircase pattern, the most easily

Fig. 3. Photo of TV screen with vertical blanking bar
rolled to center of screen in order to show the VIT's.
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Fig. 4. Partial schematic of video amplifier of Heath-
kit GR-681. Short A’ to chassis to disable blanking.

identified portion of VIT’s. Some varying video information
from other parts of the signal will also be visible but a
usable multi-burst pattern will appear.

If you are using an instrument with sweep delay, results
will come much easier. Follow the manufacturer’s instruc-
tions for selecting and expanding the desired part of the
waveform—in this case the portion showing the VIT’s.

One thing that may stop us at this point is vertical blank-
ing in the set. Some recent sets, such as the Heathkit GR-
681, have a very eflective blanking circuit which operates
in the video amplifier. This will remove VIT’s information,
so the blanking will have to be defeated. A partial schematic
of the GR-681 video-output stage is shown in Fig. 4. By
shorting point A to the chassis with a clip-lead, blanking
will be defeated and VIT’s will come through to the CRT
cathodes.

Now that we have VIT’s captured on our scope screen,
leUs continue. We can expect to see the multi-burst appear-
ing somewhat as shown in Fig. 5. This is a photograph of
the multi-burst response at the CRT cathodes of a normally
operating color set. The maximum resolution of the set is at
the frequency where the multi-burst height is about half
that of the lowest frequency multi-burst groups. This re-
sponse shows 2 Mliz to he 14 of that at 0.5 MHz, or 6 dB
down. Likewise, 3 MHz is 10.3 dB down, 3.6 MHz is 17.6
dB dowr:, and 4.2 M1z is so far down we can’t measure it.
This response mcasured on a scope is from the same set used
for the photo in Fig. 3. Response to VIT’s shown by our
scope connected to the picture detector will appear similar
to Fig. 6 with a normal color receiver.

Effect of the I.F. Response

The most often asked question concerning VIT’s is,
“What sort of response should a normal color set have as
measured by the multi-burst?” To answer this, let’s do some
digging.

The multi-burst is applied to the picture carrier at the
transmitter as amplitude modulation. Each group of multi-
burst frequencies will form sidebands at the frequency of
picture carrier plus and minus multi-burst frequency.

Fig. 5. Photo of multi-burst waveform at CRT red cathode.

Since the TV transmitter uses mainly the upper sideband
(carrier plus modulation frequency), we can forget the
lower sideband. As the TV signal is passed through the
receiver’s tuner it is converted to the i.f. frequency range
and also flipped over frequency-wise due to the conversion
action of the tuner. The picture carrier frequency is now
45.75 MHz regardless of which channel is being received
(if the fine-tuning control is adjusted right).

Imagine a TV station transmitting on channel 4. The pic-
ture carrier is at 67.25 Mz, the color sub-carrier is at
70.83 MHz, and the sound carrier is at 71.75 MHz. This is
upper-sideband transmission because the picture, color, and
sound mformation show up at higher frequencies than the
picture carrier. This chaunel-4 signal is sent to the tuner
input from the antenna, where it is amplified and hetero-
dyned with the r.f. oscillator.

The r.f. oscillator is on 113 MHz when receiving channel
4. 113 MHz minus 67.25 MHz, the picture carrier frequen-
cy, comes out o 45.75 MHz. This is now the frequency of
the channel-4 piclure carrier as sent on to the i.f. amplifier.
The r.f. oscillator frequency, 113 MHz, minus 70.83 \MHz,
the color sub-carrier, comes out to 42.17 MHz, the fre-
quency of the color sub-carrier in the if. amplifier. Like-
wise, the sound carrier at 71.75 MHz is converted to 41.25
MHz. If the multi-burst at 2.0 MHz, for example, is being
transmitted, it will appear in the i.f. amplifier at 43.75 \[Hz.

After many decibels of amplification in passing through
the if. amplifier, our channel-4 signal reaches the picture
detector and is converted back to the same form it started
with at the studio: video frequencies. Next, the video ampli-
fier amplifies the TV signal in video form sufficiently to drive
the picture tube.

The if. amplifier of the receiver has a great effect on the
over-all frequency response. Fig. 7 is the familiar i.f. re-
sponse curve of an ideal color-TV receiver. Note that the
picture carrier and the color sub-carrier are both down by
6 dB.

Expressed in fractions of the maximum amplification, or
in terms of voltage as would be seen on an oscilloscope
screen, the curve of Fig. 7 would look something like Fig. 8.
The picture carrier and color sub-carrier would be half-way
down the curve, hut the frequencies around the lower skirts
of the curve would be compressed to almost nothing, so that
a representation of the trap action would be lost. In effect,
putting this curve in decibels instead of percentage amplifi-
cation shows more of the interesting details. One more
point: 6 dB is a factor of two only when talking voltage.
When talking power, the magic number is 3 dB to show half
or twice power.

Referring again to Fig. 7, we see that the VIT's multi-
burst frequencies of 0.5, 1.5, 2.0, 3.0, 3.6 (3.38), and 4.2
MHz will appear at 45.25, 44.25, 43.75, 42.75, 42.17 and
41.55 MHz, respectively.

These multi-burst frequencies will come from the picture
detector at full strength at 1.5 and 2.0 MHz, down slightly
at 3.0 MHz, down 6 dB at 3.6 MHz, and down 28.5 dB at

Fig. 6. The multi-burst waveform at picture-detector output.
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4.2 MHz. Missed 0.5 MHz, you say? Well, that’s a special
case. We said earlier that only one sideband is used in our
TV system. That is not quite true because a second sideband
is transmitted at frequencies near the picture carrier. So
these frequencies must receive less amplification in the re-
ceiver to prevent these “double-sideband” frequencies from
humping up the final response. This works out just right
with the picture carrier set at 6 dB down, and 45 MHz at or
very near to maximum amplification.

We can sum up by saying that the frequency response of
a properly operating and aligned color-TV set at the output
of the picture detector will be flat from below 0.5 MHz to
about 3 MHz. At 3.6 MHz the response will be down about
6 dB, and at 4.2 MHz the response will be down far enough
to allow us to forget it. The r.f. tuner response is supposed
to be sufficiently wide and level on cach channel so that the
response of the rest of the set will not be changed. (Editor’s
Note: The video amplifier is between the picture detector
and the CRT cathodes; it handles the brightness component
of the signal and affects picture resolution. Hence, it should
have a fairly wide response. The chroma section also has an
effect on the response but only for the color signals applied
to the CRT grids. This portion of the receiver need handle
only sideband frequencies up to 0.5 MIlz, or at the most
1.5 MHz, and need not be discussed when considering pic-
ture resolution.)

This leaves only the video amplifier to further affect re-
sults. Ideally, this part of our set will not upset the response
either. However, such is not usually the case. In designing
color sets for home use, much thought is given to what the
majority of customers will consider a “good” picture. With
local live telecasts and a strong signal into a viewer’s set,
full advantage may be taken of the response available. But,
with a slightly snowy picture and a movie from 1940 being
programmed, there will be a revolting mess. Wide frequency
response will bring out every flaw in the whole chain, from
dirty and scratched film and noisy preamps at the studio, to
snow from an over-aged antenna and lead-in, overshoot and
ringing in the receiver, and dozens of other possible prob-
lems.

With these responses in mind, most set designers tailor

Fig. 7. I.f. amplifier response curve of a modern color-TV
receiver showing placement of VIT's multi-burst modulation.
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the response of their video amplifier to produce a picture
sharp enough to satisfy the average set buyer, but not so
sharp that pictures appear grainy. As an added feature,
several sets now appear with resolution, or sharpness, con-
trols. This control lets the customer adjust the sharpness
(frequency response) of his set to suit himself.

Actual measurements on several sets show over-all re-
sponses to be typically down from 1 to 5 dB at 1.5 MHz,
1 to 7 dB down at 2 MHz, 8 to 14 dB down at 3 MHz, and
15 to 29 dB down at 3.6 MHz. These responses are all com-
pared to 0.5 MHz. On paper this kind of drooping response
appears terrible, but the sets that were measured were late
models, and all had very acceptable pictures.

Use of VIT’s in Troubleshooting

The idea for rapid localization of trouble is to observe set
response at the picture detector first by use of VIT’s. This
will localize trouble to a point either before or after the
detector. If the multi-burst is not normal at the detector,
check VIT’s on other channels. If all channels appear about
the same, the trouble is in the i.f. amplifier. If some channels
look okay, you probably have tuner or antenna-system trou-
bles. Don’t overlook the chance of the antenna system caus-
ing “holes” or tilted responses on some channels.

Say that we have a set on the bench with a very bleary
looking picture. Hooking our scope to the picture detector
output shows VIT’s to be about normal except that the
burst at 2.0 MHz is way down compared to the bursts on
either side. This suggests an if. trap is detuned into the
passband, chopping out frequencies about 2 MHz below
the picture carrier frequency. Switch to another channel
carrying VIT’s. If the same thing is seen, then our reasoning
is right, and the if. amplifier requires realignment. If the
poor response at 2 MHz is not seen on other channels, may-
be an FM trap at the tuner input is misadjusted, causing a
bite on only one channel. Other traps at the input of the set
could similarly be misadjusted or faulty.

If the VIT’s response at the detector output is normal,
the trouble will be in the video amplifier. Look for open
peaking coils, off-value resistors, solder bridges across foil
patterns, etc. A

Fig. 8. Same response as in Fig. 7 except expressed as per-
cent rather than in dB. This is how curves appear on scope.
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COMPUTER
TIME
SHARING

By DAVID L. HEISERMAN

Want your own computer? Ilere are
some pertinent facts about time-sharing
systems that can make this possible.

N their occasional moments of idle fancy, engineers and
scientists used to dream of having a private computer
system right in their own office or home. Of course, a

computer system costs a good share of a million dollars, but
it was fun to think about it anyway. Today, that dream has
hecome a reality. In fact, anyone who can spare about $300
a month can have access to a vast general-purpose computer
system in the privacy and in the comfort of his own home
or office!

A time-sharing computer system makes this possible by,
as its name implies, sharing the computer time among a
number of users at remote telephone terminals. The system
can switch from one user’s problem to another’s and, since
the computer can manipulate a great deal of information in
a very short period of time, the users generally aren’t aware
that they are being switched in and out of the system. As far
as the users are concerned, each one of the individual users
is working alone with the distant general-purpose computer
system.

The basic idea of computer time sharing is not new. In
the early 1960’s, researchers at Dartmouth and MIT worked
on the first time-sharing computer systems. In those days,

Fig. 1. Data set that's used in commercial time-sharing com-
munication systems to condition signals from a user's teletype-
writer for transmission along ordinary telephone lines and re-
condition signals coming to the user from the computer center.
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CRT display terminal that uses alpha-numeric symbols to show
user results of his program much faster than a teletypewriter.

LARGEST AND MOST VERSATILE
TIME-SHARING FIRMS

Computer Sharing, Inc., Bala-Cynwyd, Pa.
Com-Share, Inc., Ann Arbor, Mich.
Datalogics, Inc., Cleveland, Ohio

General Electric Company, Bethesda, Md.
Honeywell, Inc., Minneapolis, Minn.

I-C Computer Corp., Tulsa, Okla.

ITT Data Services, Paramus, N.J.
On-Line Systems, Inc., Pittsburgh, Pa.
Service Bureau Corp., White Plains, N.Y.
Technical Advisors, Inc., Wayne, Mich.
VIP Systems Corp., Washington, D.C.

large industries, businesses, and universities had to lease a
complete system if they wanted to make extensive use of a
general-purpose computer. The whole point of the first time-
sharing research was to find a way to let these large organi-
zations scatter remote-access terminals around their facilities.
So the first time-sharing systems were merely optional add-on
features for someone leasing an entire computer system.

About 1964, computer manufacturers began working on
the jdea of setting up their own computer facilities, and
leasing remote telephone terminals to anyone who wanted
them. In 1965, the new commercial computer time-sharing
firms did a $10,000,000 business, and by 1967 the income
from time-sharing users was close to $30 million, and nearly
twice that amount in 1968. Less conservative experts esti-
mate a $5-billion time-sharing business by 1975.

Some of the computer manufacturers entered the time-
sharing business by simply extending their present computer
operations. GE and Honeywell are examples of such com-
panies, while other major computer firms, such as IBM,
established separate subsidiaries to handle time-sharing sys-
tems and services. Of course, it was inevitable that a new
multimillion-dollar industry would spawn new companies.
Today, there are about 200 new firms dealing exclusively in
time-sharing services. A fourth source of time-sharing ser-
vices is the large, non-computer industries that have to lease
entire general-purpose computer systems for their own use.
Aerospace industries, in particular, reduce their share of
computer operating costs by subleasing time-sharing devices
to other users.
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The User’s Terminal

The only computer hardware the user ever sees is a tele-
typewriter and a small “black box” called a data set. When-
ever he wants to work with the computer, the user dials a
certain number on his office telephone, listens for a charac-
teristic 2225-Hz tone, and fixes the telephone handset to the
data set (Fig. 1). In an instant, the teletypewriter seems to
come to life, and the user is ready to go to work.

The user’s teletypewriter resembles an ordinary type of
machine with a few added computer-type symbols. The tele-
typewriter generates 10-bit digital words for every keyboard
character the user types on the machine. The teletvpewriter
also accepts digitized words and commands from the time-
sharing computer, and types them out on a long sheet of
paper.

Ordinary telephone lines are cluttered with clicks, buzzes,
and beep tones; some of them are explainable and others
are not. For this reason, the digital “mark” and “space” out-
puts from both the user’s teletypewriter and the computer
system must be suitably conditioned before they can pass
reliably through the telephone lines. The data-set “black box”
does this job.

Whenever a user is sending information to the time-
sharing computer, the data set generates a 1270-Hz “mark”
signal, and a 1070-Hz “space” tone. When the user’s data
set receives the same kind of audio signals from +the com-
puter, it uses a simple FM-like filter circuit to convert the
frequencies to mark and space voltages for the tcletype-
writer. The mark and space signals from -the computer are
2235 Hz and 2025 Hz, respectively.

Time-Sharing Field Offices

Although commercial time-sharing users do not like the
idea of having to add long-distance telephone charges to
their computer-terminal budget, it would be prohibitive for
commercial time-sharing computer firms to place an elabo-
rate general-purpose computer center in the vicinity of every
large city in the nation. To solve this problem, time-sharing
firms are beginning to establish local field offices to relay
all the data from nearby users to a distant computer center.
As far as the user is concerned, he dials a local number, and
pays the usual local telephone rates for the use of the line.

A local time-sharing field office leases a dozen or so local
telephone lines just as most large businesses do. The differ-
ence is that the “answering” is automatic, and the incoming
lines connect to data sets rather than to a secretary. The
time-sharing firm can save multiple long-distance telephone
charges Dy using a single line to the central computer station
rather than a line for every data set in its offices. To do this,
the outputs from the field-office data sets feed a multiplexer
that combines all the local-terminal signals into a single
channel (Fig. 2). The field office multiplexer also accepts
multiplexed data from the computer center, unscrambles it,
runs it through the office data sets, and sends it on to the
individual terminals in the area.

Time-Sharing Techniques and Hardware

All the techniques and hardware described so far are con-
cerned with the communication of data between the central
computer station and the individual users. The hardware for
performing the actual time-sharing operations is at the cen-
tral computer station along with the central processing unit
(CPU). The basic time-sharing subsystems (Fig. 3) are a
communications interface unit, the users’ I/O buffers, a set
of rapid-access memory devices (RAD), and a time-sharing
scheduling programmer. Some time-sharing companies con-
sider the 1/O buffers part of the CPU, and some think of
the scheduling program as CPU software. In any case, all
of these subsystems work together with the CPU to give
terminal users the impression that they have their own
private computer.

March, 1970
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FIELD
OFFICES MULTIPLEXER

TIME -SHARING
COMPUTER

TELETYPE- DATA ,
WRITERS SETS |

MULTIPLEXER
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USERS LOCAL COMPUTER CENTER

TERMINALS PHONE OFFICE
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Fig. 2. Layout of typical time-sharing computer system. Local
field office between users and computer central eliminates the
need for separate long-distance telephone link for each user.

COMMUNICAT IONS CENTRAL
USERS
INTERFACE PROCESSING
1/0 BUFFERS
UNIT UNIT

RAPID-
SCHEDULING ACCESS EERMENENT,

PROGRAMMER MEMORY A
DEVICE MEMORY

CENTRA_
MULTIPLEXER

Fig. 3. Block diagram of a basic time-sharing subsystem. The
central processing unit switches the users’ programs and data
into and out of a rapid-access memory device according to the
schedule that is set up by the avtomatic scheduling programmer.

The communications interface unit keeps track of what
every user is doing as well as what the computer is doing for
every user. Suppose, for example, a user has just dialed into
the system; the communications interface senses the incom-
ing call, assigns the new user an 1/0 buffer and notifies the
scheduling programmer that a new user is on the line. As
soon as the ongoing schedule permits, the CPU acknowl-
edges the new user, loads the 1/O buffer with an opening
statement, signals the interface, and quickly switches to
another customer. The communications interface then tells
the buffer to write out the opening statement—usually a re-
quest for a customer code number.

When the user’s teletypewriter has printed out the request,
the interface waits for the user’s code sequence. When it
begins to come in, the interface tells the buffer to accept the
information, and notifies the scheduling programmer that
the new data are in the buffer.

This example describes the activity of the communications
interface unit only for a sign-on routine. The interface actu-

CURRENT APPLICATIONS FOR TIME-SHARING

Percent of Total

Application Area Time-Sharing Usage

Engineering Calculations ......................... 27
Financial Calculations ... ... ... ... ... 13
Camputer Program Development . ... .. .. 11
Scientific Research Calculations ... ... .. 9
Planning and Business Forecasting ............. 9
Marketing ... .. 9
Accounting "- s 17
Manufacturing ... . B — 7
Management Information .. ... ... 4
Miscellaneous ............... ... 4

100

Source: Research Survey, December, 1968. International
Data Corp., Newtonville, Mass.
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TYPICAL CHARGES FOR A TIME-SHARING TERMINAL

Terminal Connect Time— $10.50 per hour
the time the user is on-line

with the computer—

Computer Time— $3.00 per minute
actual time the CPU works on

the user's problem—

$1.00 per 1000
characters

Storage Charge—
for data stored in memory units—

Rent for Data Set and Teletypewriter— $125.00 per month
depending upon model and
accessories—

ally carries on this kind of traffic control thronghout the
entire time the user is on the line. The communications in-
terface services all users simultaneously.

Taking its cues from the scheduling programmer, the
CPU works on a user’s program for ounly a millisecand or
two before switching to another user and, if the CPU hap-
pens to finish the user’s program at that time, it will dump
the results into the user’'s 1 'O bufter. If the CPU lhas not
completed a program when it is time to switch over to an-
other user’s work, it will dump the entire program and all
the unfinished results onto u RAD. When the scheduling
programmer tells the CPU to work on that program again,
the CPU retrieves the data from the RAD, and works on it
again for a short time. Chances are that the CPU will switch
an average program in and out of the RAD muny huadreds
of times hefore it finishes the work.

Actually, there is no point in making a user wait for the
CPU to complete his program before beginning to read out
some of the results. Compared to the actual computing time
and switching rate, the teletypewriter print-out time is infi-
nitely long. So, the CPU can fill a user’s 1/0 bufler with a
fragment of the unfinished computations, cycle through hun-
dreds of other bits of work, and return to the original user
long before the 1 O butfer can unload its data to the tele-
typewriter.

The CPU switching of scheduling program varies some-

TYPE OF ORGANIZATIONS USING TIME-SHARING SYSTEMS
Percent of Total
Organization T/S Service Use
Education, research, government ... ... ... .. 13
Chemical, petrochemicals ... . ... 10
Finance, insurance, real estate ................. .10
Aircraft, ship and vehicle mfg. ................ ... 9
Construction . ... . . 9
Business services .9
Transportation, communications . ... .. 7
Metals, machinery manufacturing i ... B
Wholesale, retail . . B 6
Mining, oil, gas ... ... ... ... 5
Hotel, personal services . ... . PO 5
Consumer products .................................. 4
All others ... ... ... 7
100
Source: aesearch Survey, December, 1968, International Data Corp.. Newtonwiile,
ass.
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what from one time-sharing firm to another and none of the
scheduling programs gives each user a fixed amount of CPU
time. The scheduling programmers all have some sort of
user-priority logic built into them. The priority schedules
give some users larger time segments in the CPU than others,
and allow some users to have uccess to the CPU more fre-
quently.

Priority Rating

A user in active “conversation” with the computer, for ex-
ample, generally has the highest scheduling priority. The
reason is that, during a conversation, the user and CPU
exchange small bits of information at a relatively rapid rate.
The lowest priority goes to users who have already typed in
a program, and are waiting for a long string of data from
the CPU. Such users are said to be “core hound,” and their
teletypewriters seldom stop running even though the CPU
may pass them over hundreds of times. Occasionally, a core-
bound user will notice a one- or two-second pause during a
long print-out sequence if the user traffic is exceptionally
heavy, but such pauses do not irritate a core-bound user as
much as the user who is waiting for a simple “ves” or “no”
answer to a question.

Services Available

At present, the time-sharing firms offer their customers
three basic kinds of services: conversational time sharing,
remote-batch processing, and a group of miscellaneous spe-
cial services.

Conversational time sharing was the only time-sharing
service described so far in this article. With conversational
time sharing, the user is in direct “conversation” with the
central computer systern—the user asks questions or requests
data, and the computer replies as soon as it has a chance.

In the case of remote batch processing, the user calls up
the computer system and loads the memory drums with a
program or a prepared list of data requests; the computer
does not respond to the user’s program at that time. When
the user finishes loading the memory drums, he hangs up
the phone, and leaves the computer to run the program and
prepare the readout format at its leisure. Some time later,
perhaps the next day, the user calls the central computer
station again, and requests a readout of his data; the com-
puter has already performed the routines, and simply types
out the data on the user’s teletypewnriter.

The biggest single advantage of the batch-processing serv-
ice is that the time-sharing firm saves money invested in
high-speed terminal switching hardware. Of course, the
time-sharing firm can pass the savings on to the customers
who request batch-processing services only. The obvious
disudvantage is that the user has to wait at least several
hours to get his data or to find that he made some mistakes
in the programming.

With both the conversational and remote batch-processing
services, the user must write his own programs. Among other
things, the special time-sharing services include “packaged”
programs prepared by programming experts. These programs
are the most frequently used standard programs for engineer-
ing, science, and business. The user does not have to know
the first thing about computer programming to use a pack-
aged program. All he las to do is call the computer, type in
a code designation for a particular program, and feed the
computer the data it asks for. Generally, the time-sharing
firms offer a file of prepared programs for no extra charge.

Other special services include reports about the time
schedules for the computer system, notices of new services
or changes in the services, und even some computer games.
Sales representatives for time-sharing firms often like to
impress potential customers by showing how a user can play
nine holes of golf, shoot craps, or talk with a rather impu-
dent and wisecracking electronic conversationalist by means
of their time-sharing system. (Continued on page 78)
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SEMICONDUCTOR

INJECTION
LASERS

By RONALD L. CARROLL

R & D Electro-optics Engineer, Texas Instruments

These solid-state diodes, which emit coherent light, are much
smaller than the more common gas or pumped ruby-rod lasers.
When mounted in arrays, they can produce substantial output power.

N injection laser is a solid-state diode fabricated in such
a way that it will emit coherent light. The most com-
mon fabrication materials are gallium arsenide and
gallium phosphide, although other materials have exhibited
lasing properties. These offer a tremendous size advantage
over the gas and ruby-rod lasers more commonly used. An
individual laser chip can vary in size from 3 mils X 10 mils to
50 mils X 15 mils and, when mounted in arvays, these de-
vices can compete with gas lasers on a power basis, Today,
individual luser diodes capable of producing peak powers of
10-15 watts are commerciallv available for less than $50.
And the current demand is for more powerful and less ex-
pensive units. Fig. 1 is a typical example of such a device.
In order to beller dissipate the heat generated, the chip is
kept as thin as possible without making it too difficult to
fabricate. Thickness is typically 3-6 mils.

Being relatively inexpensive, small, and simple in opera-
tion, injection lasers are finding many new uses daily: for
communications, terrain illumination, missile tracking, air-
borne computers, range finders, bomb fusing, “seeing’
through fog and underwater debris, intrusion detection, and
optical calibration.

Fig. 2 displavs various light spectra. Although we cannmot
see infrared energy {wavelengths longer than 0.75 micron),
we can feel it. These wavelenglhs penetrate the surface of
the skin, generating heat. We call a mercury-vapor lamp
“cool” since it has little infrared emission. Most of its radiant
cnergy is in the visible portion of the spectrum, with little ot
its radiant energy at invisible wavelengths. Lasers emit mos!
of their encrgy at one wavelength; hence, they are mono-
chromatic. Lasers also have cousiderably higher efficiencies
than tungsten-filament light sources, which radiale a wide
range of frequencies.

In Fig. 3 we sec in more detail what an actual laser emis-
sion peuk looks like when detected by a receiver corected

March, 1970

for flat response (insensilive to changes in wavelength for
constant-intensily light). The spectral half-width is a figure
of merit relating to lasers. It is the width of the spectral peak
at half of the peak’s amplitude. A good, highly monochro-
matic laser peak appears more like a line; thus the term “line-
width” rather than “half-width” may be used.

The threshold current density (in amps,/sq cm) is defined
as the minimum current required to cause lasing. It is highly
temperature-dependent and varies directly as the cube ol the
temperature.

Another temperature aspect is Lhe propagation delay
which exists in room-temperature lasers but not in cooled

Fig. 1. Simple diffused semiconductor injection laser diode.
Laser light is emitted from ends at the p-n junction of device.
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units. At room temperature (300°K) there exists a time lag
between the application of the current pulse to the laser and
the light pulse emitted. In most cases this varies from 20 to
30 nanoseconds, but in some of the poorer units it can be as
great as 250 ns (or 0.25 microsecond). This delay does not
exist to any effective extent at the very low temperature of
T7°K.

I'ig. 4 shows the directivity advantage of lasers over non-
lasing semiconductor and filament emitters. With no refine-
ments, a laser will emit equally from both cleaved surfaces.
To climinate back-edge emission and increase front emission
by about 60% (optical absorption prevents doubling the pre-
ferred front emission), a mirror surface is placed over the
back cleaved surface.

The quantum efficiency, which is photon per electron ratio
expressed in pereent, is 3%-10% for filiment sources, and
3%-20% for spontancous (non-laser) semiconductor light
emitters at room temperature. Injection lasers have a quan-
tim efficiency of 10%-30% at room temperature. At 77°K,
spontaneous cmitters have as much as 30% efficiency while
injection lasers can go as high as 40%-50%.

To compare the different sources on a basis of absolute
power efficiencies is complex since it would require integrat-
ing spectral intensities in the case of filament and spontane-
ons emitters. However. lasers can he measured directly and
vield power efficiencies from 2% to 5% at 300°K, and 20%
to 35% at 77°K.

Degradation Effects

There are two tvpes of degradation in performance of an
injection laser: these are long term under moderate condi-
tions and irreversible catastrophic. The loug-term variety
can reduce output 10%-20%, but most of this takes place dur-
ing the first few hours of operation. Trreversible catastrophic
degradation means. as the name implies, that once a certain
level of operation has been exceeded the device will begin
degrading and continue to do so even if the power level is
reduced to within safe levels, In this case the mirror-smooth
finish of the emitting cleaved surface in the region of the
junction will be destroved to the point that the device will no
longer produce a useful light output.

As a rule-of-thumb, any current less than three times the
threshold current is safe. However, above this point, there
are three factors to consider: temperature, lasing junction
wniformity, and area of the lasing junction, At 300°K, devices
cannot be operated safely at more than 4 to 7 times threshold
current. while at 77°K. this factor increases to & to 10, Llow-
ever, in actual tests some devices have degraded at 2.3 times
threshold current and others have operated sufely at 8 tines
the threshold current at room temperature,

Lasing junction uniformity and junction area are closely
related to degradation. The maximum permissilile photon
density is about 1.5-2 watts/mil of emitting junction.

This means that a 5-mil wide junction can be expected to
produce 7.5-10 watts for long periods of time. This presup-
poses that there may be some “dead” or non-emitting rewirms
of the junction. Low-efficiency regions of the junction caise
degradation to begin at lower levels than expected.

Electrical Considerations

Laser fabrication is mainly a problem of leat dissipation.
Present materials dictate the current densities necessary to
mitiate lasing within a junction. thus the chips cannot be too
large or the required current will exceed the ubility to pro-
duce the necessary currents. It is not practical to weneriate
these powers within a junction using d.c. as we would not e
able to carry away the heat produced: therefore, when we
«peak of laser current and power requirements, we are con
sidering ouly peak powers involved with the pulses that are
actually used.

Electrical requirements of the pulsers diller according to
the ambient temperature at which the laser is to be operated.

ELECTROMICS WORLD
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Cooled devices operate in the 77°-1530°K range, while a
ronm-tenperature device generally means one operated at
007K,

Biv cooling the device we can obtain the following advan-
tages: higher guantum efficiency, much lower currents re-
quired, ahility Lo use pulsers of poorer quality (slower rise
aril fall times, such as 100-300 ns).

Cooled laser pulsers can be made using conventional
switching transislor techniques and inexpensive, commercial-
lv availal:le power devices. A typical cooled laser having an
area of 200-330) sipuare mils and producing 7-10 W peak out-
put power will require 20-23 amps peak and can tolerate
pulse widths up to several microseconds at frequencies over
10 kllr. Boom-tersperature operation is considerably more
demanding,

If the corrent rizse time is too long, the device will heat
more rupidly than the current builds up, and lasing action
muy not acewr. Even with a typical satisfactory pulser having
o rise Hime af 1-10 ns. the device will heat after the current
peak is reached and, hence, stop lasing despite the presence
of adequale current initially. This effect is known as “self
quenching” and is common among all room-temperature
devices. Using longer pulse widths than the individual de-
vice’s quench time, plus whatever propagation delay time it
may exhibit, is a waste of efficiency.

Although the fall time is not too important, it does have
some effect. A long fall time has the same effect as excessive
pulse width. It represents efficiency loss and contributes to a
reduction in peak power output by increasing the average
temperature of the chip.

The pulsers for room-temperature lasers cannot employ
conventional transistors due to the fast rise time and high
currents required. To date avalanche transistors and special
SCR’s have been used. The avalanche transistors appear to
have a better pulse match since their current pulse more
closely resembles the laser’s optical output pulse. However,
their avalanche operating voltage is fairly critical, permitting
little adjustment in current. Typically one will produce a
peak current of 50 amps when biased to 100 V and 60 amps
at 120 V, and will not operate above or below these values.
SCR’s permit a wide range of current adjustment but have a
poor fall time—up to 250 ns as compared to an avalanche fall
time of 40 ns. In either case, these fast high-current pulsers
require etched circuit boards and strip-line layout, whereas
the cooler pulsers may be chassis-built with conventional
coaxial connections.

A typical room-temperature laser having an active area of
50-80 square mils will produce an 8-W peak power output
with 200 ns half-power points when driven by a 60 amp peak
950-ns (half-power points) current pulse at frequencies up
to 5 kHz.

Recent Developments

Fig. 5 depicts the latest technique in laser fabrication. The
junction is grown in layers with a heavily doped p-plus region
over it. The device is merely sawed to the desired width ac-
cording to the desired output requirements. The emitting
faces are formed by the usual cleaving method of placing a
sharp-edged instrument against the edge of the material and
applying adequate pressure to cause it to break along its
predetermined grain-structure line. These devices have been
called “close-confinement” or “heterostructure” lasers.

They generally vield lower current densities and higher
quantum efficiencies since the p-plus region confines more
of the radiated light to the active emission region. However,
growth techniques lack refinement and presently require
thicker chips with the junctions generally being formed about
in the middle of a 5-6 mil thick chip. This creates more heat-
transfer problems as well as increasing the devices already
lossy series resistance. Manufacturers claim higher power
efficiencies but actual tests yield lower efficiencies than dif-
fused units of comparable quality. If the series resistance
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Fig. 5. The close-confinement or heterostructure laser.

problem can be solved, this technique will supersede former
diffusion methods.

Quarter-wavelength anti-reflection coatings are now being
applied to the emitting surfaces to increase output. One man-
ufacturer eliminates the back-surface mirror and permits
emission from both cleaved faces as shown in Fig. 6. The
light is reflected in parallel ravs to an optics system, consist-
ing of an angle mirror. This increases source size considera-
bly and introduces alignment problems.

Precautions to he Observed

Injection lasers can be dangerous to eyesight. Although
medical science has yet to come up with a reliable number
for the safe power level the eye can tolerate, all efforts are
being made to do so. The key to safety is average power out-
put and one should use the numbers below as a guideline to
eye protection. Below 1 milliwatt average power output is
safe. From 1 to 10 milliwatts is that region where eye damage
can occur if the energy is focused on the retina; laser goggles
should be worn. About 10 milliwatts average is dangerous,
and adequate proper-wavelength goggles must be worn. A

A

SOURCE ANGLE MIRROR

A

Fig. 6. Use of angle mirror
to reflect the laser light
that is produced from both
ends of the semiconductor die.
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Early drawing showing the detected test plane caught in the intersecting beams of the aerial searchlights,

1937

-A New Device to Detect Aircraft

By HAROLD A. ZAHL

Description of a historic demonstration of early radar and heat
detector from one who was there on the night of May 26, 1937.

T was the night of May 26th, 1937. From the several
small huddles of military and civilian observers, an air
of expectancy could be sensed, as if they had been

chosen to be a part of a great moment in historv. The group
of some 25 observers had distributed themselves around four
huge, varied, and complex pieces of electronic equipment—
the combination of which, the Signal Corps said, could
detect airplanes. The almost fantastic claims for the new
device had brought out the “brass” in both quantity and
quality.

Military persounel at the Fort Monmouth, N.J., site in-
cluded the Secretary of War Harry H. Woodring, Chiel of
Stadl Malin Craig with some of his top generals—Chiefs of
the Signal Corps, Coast Artillery, and Air Corps—the latter
corps having already had a glimpse of the new equipment a
few weeks carlier through an officer by the name of “Hap”
Arnold.

But the show was not so much tor the military, for the
guest list included members of Congress who made up the
all-important Military Affairs Committee of both the Senate
and the IHouse of Representatives. What was at stake was
whether the Congress would allow the Signal Corps some
emergency funding to push forward more rapidly the devel-
opment of a new aircraft detection device. With Goering’s
Luftwalte now blackening the skies of Europe, the need for
such a device in owr military arsenal was most urgent.

For the first time, a demonstration was scheduled, the

48

claims for which were that the exact position of an airplane
could he determined by reflected radio waves traveling
through space at 186,000 miles per second—as compared to
the then current military practice of listening to the airplane
sound traveling earthward at only about 1100 feet per sec-
ond. Besides being very limited in range, the sound locator
could only tell where the airplane had been—and detection
was not quick enough for aiming a gun.

The equipment around which the visitors had spread
themselves included: a radio transmitter which would beam
ont powerful pulses of energy, hoping to intercept the target
in the sky; two sensitive receivers with antennas to collect
the reflected encrgy, one to tell the elevation (altitude)
angle of reflection, the other to give an azimuth (or bearing).
Then also, by measuring the time required for the pulse to
travel to the airplane and be bounced back to Earth—and

Asout THE AuTnor: Until his recent retirement, the author
was Director of Research at the Army’s Fort Monmouth
Laboratories, joining those laboratories in 1931, after re-
ceiving his Ph.D. degree from the University of Towa. While
the author of some 100 technical articles and a physics text-
book, in recent years some of his interest has shifted to
writing about things which happened “behind the scenes” in
electronic events of great historical importance. Dr. Zahl is
also author of a recent book, “Electrons Away . . . or, Tales
of a Government Scientist” (Vantage Press, New York, N. Y.).
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this would be in millionths of a second—the range or distance
could be determined and the exact position of the airplane
could be computed almost instantly.

Besides the three huge radio antennas, there was a control-
center to which all the radar data were transmitted. This
center included a 60-inch diameter mirror having a heat-

‘sensing device at its focus. When fed approximate position

data from the radio system, the thermal device, on picking
up the heat radiated by the engine of the airplane, could
give an even sharper direction. An 8-degree accuracy from
the radar would become less than one degree for the system,
if the infrared detector could find the target. To simplify
this operation, one huge 800,000,000 candlepower search-
light was “slaved” to the thermal pointer so it always pointed
precisely in the same direction. As further back-up, three
other identical supporting searchlights, separated by a mile
or so, would be illuminated to track the target. Picked up
by any searchlight, the other three would join in support and
hopefully escort the bomber over its theoretical target. Thus
brilliantly pointed out, the aircraft would become an easy
target for anti-aircraft fire.

The Test Begins

With Fort Monmouth as the “target,” the attacking plane
was to be a B-10 homber, flying out of nearby Mitchell Field,
and without running lights. The pilot was to circle to the
north some 30 miles from the Fort, a range well beyvond the
capability of this first five-control radar. On command by
radio, he was to approach Fort Monmouth at any altitude of
his own choosing. If we put a searchlight on him a few miles
before his “bombs-away” point, it was one for the Signal
Corps; if we couldn’t illuminate him at all, or in time for our
guns to be effective, that was one for the Air Corps.

As “contest-time” approached, everyone grew silent, since
the sound of the airplane’s engines, without radio-thermal
detection, meant a successful sneak raid for the Air Corps.
Little did anvone at the site dream that only a few vears
later, the same situation would occur a thousand times in a
night, but then with death-dealing hombs being dropped,
and with anti-aircraft fire thundering over all England.

My responsibilities in the test were to operate the control-
center and to keep my eyes glued on the output of the
thermal device—Deing particularly familiar with this part of
the equipment, since it was my invention. Accordingly, it
was to be my word when the pilot searchlight was to be
turned on.

It was now dark, and by radio, Lt. Col. Roger B. Colton
gave the bomber pilot the “come-in” signal. Our guests
watched and listened intently—the game had started. The
only sounds came from our partially muffled power genera-
tors some distance away. Twenty long minutes of tense
anticipation passed.

Suddenly the stillness of the night was broken. as first one
operator and then another cried out “Target,” the signal

This early photo is of
the first radar equip-
ment in which azimuth,
elevation and range
were obtained from a
single system. Three
radio antennas, oper-
ating at 110 MHz, were
employed along with a
heat-sensing detector.

showing as a flickering line on TV-like oscilloscopes. The
radar pickup had been made at about 15 miles.

As the radar track continued, I searched for that source
of heat which would be an airplane coming toward us at
140 miles per hour. Now it was up to me. and soon my heart
jumped a bit as the signs of a target appeared on my indi-
cator. I knew we were close to having him dead on center.
We waited now only for him to come within searchlight
range. He was flying at about 10,000 feet.

When my radar range-meter showed 12,000 vards, I gave
a hand-signal to Sergeant Harry Belot, and he bhellowed:
“In action!” Immediately the light equal to 800,000,000
candles bored a pencil-beam through space, followed seconds
later by the three supporting light beams. The razzle-daz-
zling about the tip of my light was a brilliant spectacle, and
people for miles around wondered just what the Army was
up to now.

“There he is!” cried one of the searchlight crew—and soon
all four lights were on the bomber as he dove and twisted,
trying to find some place to hide and escape. Had it been
war, and were he carrying bombs, the pilot would probably
have torn the wings from his plane, so desperate were his
escape maneuvers. Even had there been a friendly cloud at
his altitude and nearby, clouds were transparent to radar.
The closest cloud was miles away, so it was searchlights all
the way.

Spectacularly, the first round went to the Signal Corps!

During the next two hours, time and again success at-
tended the men on the ground. Each time the Air Corps was
thwarted in trying to reach the target area undetected. Radar
had indeed stepped out of the incubator; for on that Spring
night in 1937, a new weapon of war had proven itself.

Congratulations All Arvound

The guests were enthusiastic and returned to Washington
highly elated, everyone congratulated Chief Signal Officer
James B. Allison, Lab Colonels Blair and Colton, and key
civilian engineers. A few days later the Secretary of War
wrote formally to General Allison; “It [the demonstration]
gave tangible evidence of the amazing scientific advances
made by the Signal Corps in the development of technical
equipment.” It was now a sure thing that Congress would
provide emergency money to accelerate the development of
our new invention. I seem to recall that the initial allotment
was around $40,000—a fantastic sum for that day.

After the distinguished guests had departed, technical and
military personnel responsible for the research and develop-
ment leading to the new equipment met for a short critique,
combining a few beers with backslapping and handshaking.
Lady Luck had certainly been kind, for the results were
about twice as good as even the most optimistic expected.
“Strange, though,” said John Hessel, one of the engineers,
“that most of the initial pick-ups were made by No. 2 light
down by the coal pile.” (Continued on page 79)
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By FOREST H. BELT
Contributing Editor

Part 2. Here is a rundown on circuit
innovations and serviceability in the
new color-TV receivers in 1970 lines.

gave an over-all picture of the present color-TV market.

We also showed how the new sets were beginning to use
more and more transistors and that a number of IC’s were
starting to find their way into the new models. Now, we will
tell you about some of the circuits that make operation auto-
matic. We will also cover some of the new remote-control
units, and then conclude with a discussion of serviceability
of the new receivers.

IN last month’s installment of this two-part article, we

Lots of Automatic Features

One problem among set owners is that thev don’t know
how to operate a color set. If fine tuning, brightness, con-
trast, color, or hue is set wrong, the picture doesn’t look
right.

The answer is to have the set make all those adjustments
for itself. And so, 1970 color chassis are loaded with auto-
malic circuits and stages to take the effort out of color-TV
watching. These include automatic brightness limiter (a.b.1.).
automatic fine tuning (a.f.t.), automatic chroma control
(a.c.c.), and automatic degaussing circuits (a.d.c.).

And last, but far from least, is an automatic tint control
(a.t.c.) pioneered last year by Magnavox. It senses phase
of chroma signals that cause flesh tones on the picture tube.
If demodulator phase drifts a few degrees one way or the
other, the a.t.c. corrects the error. It does this even if the
error is in the chroma when the signal arrives at the set. (See
“Automatic Tint Control for Color-TV,” Sept., 1969 issue.)

Top billing among all brands goes to automatic fine tun-
ing or a.f.t. The basics are the same as ever. The a.f.t. gets
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a 45.75-MHz signal from the third video i.f. A tuned 45.75-
MHz amplifier feeds a discriminator centered at that fre-
quency. The discriminator senses any frequency drift from
precisely 45.75 MHz, and produces a d.c. error voltage.
That’s fed back to the tuner. where it works on a varactor
diode, part of the oscillator tuning circuit. The oscillator is
kept exactly 45.75 MHz from the station picture carrier.

The af.t. in the Packard-Bell 98C21 has an unusual error-
sensing circuit. Instead of a standard discriminator, this one
has a ring phase detecior—called “ring” for the way the
diodes are wired. The circuit is shown in Fig. 8.

A transistor amplifies the 43.75-MHz signal. The ring
input transformer is a simple two-winding type. Its output is
applied to the diode ring at two opposite corners. A matched
pair of 47-pF capacitors form a divider across the trans-
former. Signal from the top of the transformer primary is
fed to the center tap of the capacitive divider, which gives it
a quadrature (90-degree) phase shift with respect to the
secondary signal. In effect, there is a quadrature signal fed
in parallel to both sides of the ring phase detector at the
same time a push-pull signal is being applied at the input
“corners.”

The ring circuit is balanced when the frequency of the
signal is exactly at 45.75 MHz, because hoth diodes conduct
the same. Any shift in signal frequency upsets the balance.
The signal entering the center tap of the capacitance di-
vider is phased differently at the ends, compared to the sec-
ondary signal. One diode conducts more than the other. The
normally zero voltage at the output “corner” of the ring de-
tector shifts either positive or negative. depending on direc-
tion of the frequency shift. The amount of d.c. output voltage
depends on how far the frequency shifts. Output filter net-
work C3-R3-C4 smooths the resulting d.c. correction volt-
age and keeps i.f. signal from the tuner a.f.t. lines.

Automatic fine tuning is popular. At least 18 manufac-
turers have it, for over 40 chassis. Some that don’t have it
offer an alternative, such as a meter or an “eve” to help the
viewer know when fine tuning is set properly.

Automatic color control is old hat. although its impor-
tance is often overlooked. Its job is to level out any varia-
tions in chroma sideband signal. The demodulators need a
fairlv steady chroma sideband signal. A.c.c. senses the am-
plitude of the color sync burst and develops a gain-control-
ling d.c. voltage which it applies to a bandpass or chroma
amplifier stage.

Automatic degaussing circuits (a.d.c.) aren’t new, either.
But there are a couple of unfamiliar ones in 1970 chassis.

One degaussing circuit, in the Hitachi CWA-200, oper-
ates as the set is turned off. Special degaussing conlacts on
the power switch close when the set is turned off. They ap-
ply a.c. power to the degaussing coil through a thermistor.
At first, current—and demagnetizing action—is large. But the
current heats up the thermistor and reduces current through
the series circuit; demagnetizing dwindles. Equilibrium cur-
rent is very low.

Automatic degaussing in late runs of the Admiral 4K10
chassis is based on the use of a special negative-tempera-
ture-coefficient thermistor. As you can see in Fig. 9, part of
the circuit is an ordinary thermistor, with positive tempera-
ture coefficient. The dual unit, with the negative coefficient,
is actually two thermistors in a single case. As power-supply
current flows through RI1A, it heats up R1B, connected
across the degaussing coils. R1B gets lower and lower in
resistance, finally so low it bypasses all current around the
coils. Meanwhile, the positive-coefficient thermistor resist-
ance is increasing—enough to keep the coils from being a
low impedance across the power line.

Then there’s the automatic brightness limiter (a.b.l.). It
keeps beam current in the color picture tube from becoming
so high it saturates the phosphor and causes blooming.

Motorola has had an a.b.l. in its transistor chassis since
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it was introduced. High beam current loads down the hori-
zontal sweep circuit. through its relationship to CRT high
voltage. The a.b.l. stage senses the change and converts it
to a d.c. bias. The correction voltage goes to the brightness-
control transistor, then to the video drivers and outputs, and
finally to the CRT cathodes. Beam current is reduced enough
to keep the picture from blooming. The secret is to set the
a.b.l. adjustment for no blooming with highest video (white
picture content).

In the Ilitachi CWA-200 transistor chassis, an a.l.]. stage
protects the horizontal-output transistor from too much load-
ing. A diode at the grids of the CRT (all three G1’s are tied
together) conducts if beam current goes beyond a certain
vialue. The slight current thus generated is passed through
a large-value resistor. The voltage across the resistor is ap-
plied to the output transistor and damper circuit stage and
opposes conduction there enough to avoid overload.

The automatic tint control (a.t.c.) employved by Magnavox
has already been mentioned.

The Armchair Viewer

Remote controls have been around too long to really be
news. Even that solid-state “wonder,” Motorola’s Memory
Module remote system without motors on the controls, is
more than a year old but still in the line this year.

One new remote-control idea is the search tuner. It sweeps
the u.h.f. and v.h.f. spectrum, stopping only when it finds
an active channel.

An example is the Magnavox Instant Automatic Remote
Control. The heart of it is one little printed board with cir-
cuits that drive the motor of v.h.f. or u.h.f. tuner on and on,
stopping only on a station signal. If there’s no station on the
air, an automatic shut-off stops the whole operation. The
board is called the scarch and auto-off board.

For v.hf., a 40-kHz remote signal trips a relay that ap-
plies power to the tuner motor. A latching system, part of
which is a search relay with contacts normally closed, keeps
power applied and the motor turning. When the tuner reaches
a station, circuits on the board open the search relay con-
tacts, stopping the motor.

For uh.f., a 43-kHz signal actuates an up-relay. It ap-
plies power to the up winding of a bidirectional motor. The
tuner dial moves up-frequency. When the motor reaches the
top limit, a reversing switch shifts power to the down wind-
ing. Direction reverses again at the bottom limit. A 41.5-kHz
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Fig. 9. Late runs of the Admiral 4K10 chassis employ
negative-temperature-coefficient thermistor for degaussing
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Fig. 10. The Magnavox automatic search circuitry.

signal from the remote transmitter operates the down relay,
making the initial movement down-frequency.

You can trace the main functions of the search and auto-
off board in Figs. 10 and 11. When a TV station signal is
picked up by whichever tuner is operating, the 45.75-MHz
i.f. picture carrier is coupled to the search and auto-off board.
A tuned transformer applies the signal to a diode and filter.
The resultant d.c. goes to the base of Q1, the i.f. gate. If the
w.h.f. tuner is searching, a delay voltage from Q10 keeps
transistor Q1 cut off when there is no signal; that voltage
must be overcome by the rectified voltage from the diode
when a signal is picked up.

Meanwhile, sync signals are applied to the search and
auto-off board too. A tuned transformer doubles their fre-
quency and couples the 31.5-kHz signal to Q3. Since Q3 is
in series with Q1, both transistors have to be active to oper-
ate search relay K1. Thus, both sync and i.f. signal have to
be present to pull the contacts of K1 open.

The power contacts at the top of Fig. 10 belong to func-
tion relays in the remote-control receiver. Depending on
which relay closes, a.c. is applied to one motor winding.
Either D1, D3, or D4 rectifies the voltage, and applies it to
C8 and K2; the capacitor smooths it out to about 28 volts
d.c. If D4 is rectifying, because the v.h.f. motor is active, D2
blocks the d.c. from the u.h.f. side of the system. Relay K2
is a muting relay and part of a u.h.f. latching circuit (not
shown) that works with the reversing switches.

With a motor turning its tuner, the first station signal en-
countered applies both i.f. and sync on the board inputs. Q1
and Q3 operate K1 and remove power. The tuner stops on-
station, and the receiver’s a.f.t. system fine-tunes the signal
precisely.

The automatic-off operation is diagrammed in Fig. 11. A
tap on the 31.5-kHz transformer (Fig. 10) feeds the auto-off
section. The regulator on-off system operates from a 38.3-
kHz remote signal. The signal fires 0208 and steps RL204.
RL204 is a multiple-step relay, and if the set is on, it keeps
cycling until the off position is reached.

Silicon controlled switch (SCS) Q2 is wired to operate
RL204 when the SCS turns on. The SCS gate remains at 15
volts as long as the SCS is quiescent. Large-value capacitor
C11 charges slowly from the 200-volt line through R1 and
R3. Left alone, the charging time is about 80 seconds.

Transistor 04 amplifies incoming sync pulses when a sta-
tion is present. Diode D5 lets the amplified negative-going
pulses through to buck the normally positive voltage at the
anode of the SCS. The SCS can’t fire as long as this keeps
up, because the charge on C11 never gets high enough; it is
regularly discharged by the negative pulses.
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Without syne, C11 continues charging undisturbed. So, if
no signal is found by the tuner, voltage on C11 finally builds
up to the 13-volt firing potential of the silicon controlled
switch. (An SCS fires when its gate and anode are at the
same potential.) Q2 fires, the gate goes to ground potential
or nearly so, and RL204 operates, turning the receiver off
{or steps once each time the SCS fires, until it reaches off
position).

Magnavox has no corner on u.h.f. search systems. Sev-
eral other set-makers have them. Another that stands out is
in a limited-run RCA chassis, the CTC 47. When the v.h.f.
selector is in its channel-1 position, a motor drives the u.h.f.
tuner up and down the hand until a signal is encountered. A
group of circuits in the special remote-control system utilize
svne, a.g.c., and a.f.t. to sense when a signal is tuned in, and
stop the motor. The af.t. does the final precise tuning.

This is part of an RCA remote system that has similari-
ties to Motorola’s non-mechanical one. Memory modules
supply voltages to the main chassis to control color gain, hue
phase, and volume. The memory modules are conholled
by signals from a 10-function remote-control transmitter.

Unique to this RCA chassis is a switchless v.h.f. tuner.
It and its remote switching are too complex to cover in de-
tail, but here are the highlights. Selecting a channel is a
matter of applying 16 volts to one of the 13 channel-acti-
vating input terminals of the tuner. Inside the tuner, a volt-
age forward-biases a group of switching diodes that connect
inductors and capacitors (not varactors) for the channel
chosen. On the remote control boards, logic switching carries
out an electronic search operation that stops on the v.h.f.

Fig. 12. Simplified version of
Arvin pulse-load regulator.
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station that has been dialed by the viewer. This search is
finished in a fraction of a second, so tuning appears instant.

High-Voltage Regulation

With the cry of x-radiation ringing loudly in their ears,
engineers have just about wiped out the main possible
source: shunt-tvpe high-voltage regulators. Of the approxi-
mately 100 chassis, only 22 have shunt regulators (last year
about half did). And some of those have hold-down circuits
that prevent high voltage from becoming too high even if
the shunt regulator fails.

Most sets today use pulse-type high-voltage regulation.
Anything which controls the amplitude of flyback pulses in
the deflection yoke also controis high voltage. A feedback
pulse from the flvback transformer is rectified and the nega-
tive d.c. applied to a potentiometer. The pot applies just the
right amount to the horizontal output grid to control its gain.
The pot can thus set the desired high voltage (which usually
depends on CRT size).

If high voltage goes up for any reason, more pulse reaches
the pulse rectifier (sometimes a voltage-dependent resistor,
instead). Bias on the output tube goes higher, reducing gain
and cutting the flyback-pulse amplitude baek down. High
voltage is lowered. If h.v. goes down, opposite reactions
raise it. This pulse-feedback system works well, and it
eliminates the shunt regulator,

There’s another type of pulse regulator, Forms of it were
used occasionally last vear, by RCA and Zenith in particu-
lar. Several are using it this vear. It can be described as a
pulse-load regulator. There’s an example in Fig. 12, in sim-
plified form.

This is in an Arvin 60K34 chassis. The plate connection
is direct to the flyback winding; the cathode connection is
through the efficiency coil and C1. The tube plate imped-
ance loads down the flyback transformer. Plate impedance
is determined by bias on the control grid.

Bias depends on how much pulse voltage reaches the volt-
age-dependent resistor (VDR). Pulses are applied from the
flyback winding by C2. The VDR is part of a divider—com-
prising R3, R2, Rl, and the VDR—between the 600-volt
boost line and ground. R2 applies part of the voltage to the
grid of the 6GY5 pulse-load regulator tube.

Imagine the high voltage going down. The flyback pulse
amplitude goes lower, reducing VDR resistance. That de-
velops less positive voltage at all points in the divider, be-
cause there is less resistance to ground. So the voltage al
the slider of R2 is lower. With the control grid of V1 less
positive, the tube will consequently load the flyback winding
less.

If the high voltage goes higher, the VDR resistance in-
creases because of the higher flyback pulse. More positive
grid bias lets V1 conduct (Continued on page 94)

Fig. 13. Pulse-load regulator used in Olympic receiver.
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OHN FRYE

Trying to look like a professional is not enough; the public must
be made to realize the TV service technician IS a professional.

INSIDE THE TV TECHNICIAN’S HEAD

ended abruptly in the night, and Barney had to drive

through snow squalls all the way to the Center City
afrport to pick up Mac, his employer, who had flown in with
his wife from a two-week vacation in Florida.

“I suppose this weather is pretty hard for you two snow-
dodgers to take,” Barney offered as he headed the car for
home.

“It is quite a change,” Mrs. McGregor said from the back
seat, “but I'll let you in on a secret: Mac has been itching to
get back to work for the past week. I think he flew at least a
hundred feet out in front of the plane all the way home.”

“Aw it wasn’t that bad!” Mac protested. “I enjoyed the sun-
shine and the fishing, and I especially enjoyed hearing that
blowhard put down in the restaurant last Saturday night.”

“Barney, that was the high point of Mac’s whole vacation,”
Mrs. MceGregor said with a reminiscent giggle, “and I've the
{eeling you would have enjoyed it, too.”

“Her brother lives in a big trailer community in Braden-
ton,” Mac explained, “and every week several of the couples
have dinner together in a good restaurant. My brother-in-law
and his wife took us along as their guests last Saturday. While
we were waiting on dessert, this character started entertain-
ing the whole table with an account of how a TV technician
recently charged him twelve dollars for putting ‘a little resis-
tor that couldn’t have cost more than a dime’ in his color re-
ceiver, how it had taken ‘the dummy’ a whole hour and a half
to find the defective resistor ‘that actually hadn’t burned out
at all but simply had changed some in value,” and how it was
no wonder it took him so long because all he brought with
him were a few instruments and tubes and hand tools he car-
ried in a ‘metal suitcase.” He concluded with the insinuation
that all TV technicians tried to make comparatively simple
work look tough and used a smattering of technical knowl-
edge as a license to steal.”

“My brother was getting redder by the minute,” Mrs. Mc-
Gregor said, “and several of the others who knew Mac was a
service technician were squirming in their chairs; but Mac
looked at my brother and shook his head as a sign to keep still.
Suddenly a nice looking gray-haired man down at the end of
the table looked up and asked: ‘What did that TV technician
have in his head? ”

““What do you mean? How do I know what he had in his
head? the complainer said.”

““You seem to think the fellow didn’t deserve his twelve
dollars because he didn’t have a lot of equipment in his tube
caddy, and I was just thinking you might say the same thing
of a doctor who brings only his little black bag on a house-
call. Yet you are willing to pay the physician’s fee because
you know you are paying for what he carries in his head, not
for what he carries in that little black bag. Maybe the TV
technician should be accorded the same consideration. You
say you don’t know what he carries in his head. It just hap-
pens I do.””

“My sister-in-law whispered to me that the nice-looking
man had recently retired from NASA where he held an im-

r I YWO days of unseasonably balmy March weather had
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portant job in something electronic,” Mrs. McGregor inter-
rupted her husband’s story.

““We are tremendously impressed,” the man continued,
‘with the ability of our space people to maneuver a space
capsule through a small window in space and bring it to a
landing on a comparatively restricted area of the earth or
moon. But that TV technician must be able to make three
separate beams of electrons originating at three different
points in the back of the picture tube pass simultaneously
through some tiny holes less than one-thousandths of an inch
in diameter in a metal plate at the front of the tube and then
spread apart to land precisely on three adjacent but separate
landing spots on the face of that tube. In order to do this he
must shape the beams, bend them, apply individual mid-
course correction to them, and correct for many factors tend-
ing to divert them from their pinpointed ultimate destinations.
And he performs this triple coordinated landing over and over
again, each time sending the beams through different holes
in the metal plate and each time causing them to find three
different landing spots until they have touched down on every
square millimeter of the tube face. The harnessed troika of
beams is directed through more than 400,000 separate holes
every thirtieth of a second, with the intensity of each beam
being individually and continuously controlled.” ”

“‘Oh come now! the other man said. ‘Youre confusing
the engineering of a TV set with the repair of it. Maybe the
fellow who invented color TV or who designed my set had to
know all that stuff, but I'm talking about the jerk who fixes it
when it breaks down.””

““Let me ask you a question,” the man from NASA replied.
‘Can anyone repair or maintain anything unless he knows
how it works? I believe not. That’s why medical students
spend long and weary months studying anatomy and the
functioning of the human body before they take up the treat-
ment of disease. How far would a garage mechanic get if he
didn’t understand thoroughly how an internal combustion
engine works? Before you can tell what is wrong you must
know what is right. For a TV technician to converge a color
set properly, he must understand well the operation of the
tri-color TV tube I was describing.

‘But that only scratches the surface of what he must know.
He must understand how the eye sees color to grasp why
certain hues on the face of the tube must be present in small
detail while other hues are only necessary in grosser areas for
natural color rendition. Only through knowledge of the
strengths and weaknesses of human color vision can he under-
stand the why behind the design and adjustment of many of
the circuits on which he works.

‘Let’s think about the TV technician and precise timing.
You know how important time is to space flight: how a clock
in the capsule must be synchronized with the clock in the
control center at Houston, and how the length of a retrograde
burn during re-entry must be of just the right duration down
to the second. But the TV technician must measure time in
millionths of a second. Every color set has a very precise
crystal-controlled clock built into it that “ticks” 3,579,545
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i times a second, with a required accuracy
of .0003% and a drift held to less than
1/10 of a tick per second. To keep the
receiver clock precisely synchronized
with the master clock of the TV station,
every receiver clock is automatically re-
set—if it needs it—15,734 times a second.
And this synchronization must be main-
tained by the TV technician if color
rendition is to be true.

‘Not long ago I had an electrician in-
stall a patio light for me. The installation
consisted of attaching a simple fixture
to the side of the trailer, running two
wires carrying 120 volts, 60-hertz a.c.
current to it, and inserting a simple
s.p.s.t. switch in one of the wires. This
job is typical of the work done by most
electricians called to the home: they
work with a single-frequency sinusoidal
current and usually with only 120 or 240
| volts. The charge for the job, incidental-
| ly, was $45.

‘Compare this with the problems con-
fronting the TV technician. He must
contend with currents that vary all the
way from direct current to currents that
alternate back and forth hundreds of
millions of times a second. He works
with voltages measured from fractions
of a volt to 25,000 volts or more. In ad-
dition to the simple sine wave of the
electrician, the TV technician works
with square waves, sawtoothed waves,
narrow square-topped pulses, and with
a host of complex waves made up of
combinations of these basic forms. Not
only must the technician know what
shape wave to expect in any part of a
TV receiver when he sees it displayed on
his oscilloscope, but he must know how
much deviation from the ideal shape
can be tolerated in each instance.

T could go on detailing the esoteric
knowledge a TV technician must have,
the man from NASA said, ‘but it would
be belaboring the point. The sad truth is
the things a TV technician must know
are so complex, so far removed from uni-
versal knowledge, that the public simply
cannot comprehend them. People have
at least a hazy notion of how their
telephone, automobile, refrigerator, and
washing machine work: but they have
no conception at all of what goes on
behind the face of that color picture
tube. Even the rash set owner hesitates
to take the back off the color set when
it quits because he does not have any
idea of where to start looking for trouble
in that array of tubes, transistors, capaci-
tors, transformers, and resistors—most of
which he doesn’t recognize for what they
are. Yet the TV technician seéms to be
able to locate the trouble and repair it
with disarming ease. Like all work done
by an expert, it looks easy.

‘The upshot is the public wants to pay
the TV technician just for what they see
him do—which usually consists of taking
a few measurements and then cutting
out a defective component and soldering
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in a new one. Since they cannot see what
takes place “in the little gray cells” as
Hercule Poirot called them, while the
technician is deciding which component
is bad, they are not willing to pay him
for what he knows or for being the true
professional he is. And never doubt for
a minute but that he is a true profes-
sional according to the definition: “One
who is in an occupation requiring a high
level of training and proficiency.”

‘This rejection quite understandably
bewilders and disturbs the technician.
He sees others who obviously know far
less being paid much better—without too
great a protest—for the work they do.
For example, a plumbers’ union last
summer demanded $11,48 an hour, in-
cluding fringe benefits, for an annual
wage of $21,500. This makes the tech-
nician wonder if his rather pitiful at-
tempt to win acceptance as a profes-
sional by dressing the part—wearing
neatly pressed clothes and a white shirt
—isn’t a waste of time. Anvone who has
seen a working plumber knows thal
certainly that wasn’t the way he got his
start!

‘Seriously, it’s always a good idea for
a man to be neat and clean, but he is not
going to be recognized as a professional
simply because he tries to look like one.
Actually it’s a good thing for the true
professionals it’s not that easy. The
Spanish have a proverb: A monkey
dressed in silk still remains a monkey.
The only way the TV technician is ever
going to be accorded the respect and
pay he deserves is for the public to be
made aware of the complexity of the
work he does—a public relations job that
should be undertaken by the whole
industry.

‘Thinking people had an opportunity
to grasp the difficulty of electronic main-
tenance when the color camera of Apollo
12 failed to function because it was
pointed directly into the sun. Think of
all the electronic brainpower that went
into the design of the camera and into
the instructions for its use. Yet for the
lack of a 50¢ lens cap properly used,
the camera became a piece of expensive
junk; and not all the king’s horses nor all
the king’s men could make it work again.
Remember that the next time you hear
someone saying TV service is such a
snap.””

“That broke up the party,” Mac con-
cluded, “but it really warmed the cockles
of my heart to hear such a knowledge-
able and sympathetic defense of TV
technicians by a man who had nothing
to gain by standing up for us. And I am
with him: let’s not fawn on the public
and beg them to accept us as profession-
als; let’s demand recognition and pay-
ment in accordance with the time and
effort it took—and continues to take—for
us to know our work. Lots of people only
value a thing according to the price
tag!” A
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Cross-modulation
and Intermodulation

in Receiver
R.F. Amplifiers

By JOHN KNEPLER / Design Engineer, Heath Co.,
Benton Harbor, Mich.

Performance comparisons of JFET, MOSFET, bi-polar transistor, emitter-coupled
transistor, and cascode IC front ends of high-quality communications receivers.

ODERN  high-quality  communications receivers
M make use of sophisticated and expensive crystal

or mechanical filters to achieve a high degree of
selectivity. However, no amount of i.f. selectivity can com-
pensate for a front end which has not been designed to mini-
mize the effects of cross-modulation and intermodulation
distortion. The purpose of the following study is to compare
the relative inherent CM and IM susceptibility of some
common r.f. amplifiers.

CI'OSS-IHO(] ulation

Cross-imodulation is the transfer of the amplitude modu-
lation on an interfering carrier to a desired carrier. To state
it in another way (which seems more applicable to single
sideband), cross-modulation distortion occurs when the am-
plitude of a desired signal varies in accordance with the
amplitude of an interfering signal.

As an example, consider the following situation: A re-
ceiver is tuned to an SSB signal at 3.85 MHz. Assume there
are no other signals on the band except for one strong SSB
signal at 3.95 NMHz. The “interfering” signal is then at 3.93
MHz, a full 100 kHz away from the “desired” signal at
3.85 MHz. This is. of course, well outside the normal 2- or
2.5-kHz passband of the i.f. filtering. Nevertheless, if the
r.f. amplifier is prone to cross-modulation, the 3.85-MHz
signal will be distorted by the 3.95-MHz signal.

The preceding example is based on the premise that there
is only one interfering signal in the band. This is seldom, if
ever, the actual case. Today's amatenr bands are crowded
with numerous signals, all of which can cause cross-modula-
tion distortion simultancously in varving degrees. In fact
very strong signals far outside the ham bands. such as local
broadcast stations, can add to the problem if front-end selec-
tivity prior to the r.f. amplifier is below par. The result of all
this multiple CM sounds like unintelligible background
“clutter” and noise. So, even if a receiver has an admirable
signal-to-noise ratio as measured in the laboratory with a
signal generator, but has poor resistance to CM, its “on the
air” signal-to-noise ratio (the one that really counts) is con-
siderably poorer.

Also it is apparent that the effective receiver selectivity is
not nearly as good as 2 or 2.5 kHz. Furthermore, it is obvious
that this degradation of selectivity is a direct result of inferior
resistance to CM by the r.f. amplifier.

A mathematical analysis of the causes of cross-modulation
reveals some interesting points:

March, 1970

L. CM is caused by third- and higher-order nonlinearities
in the transfer characteristic of the r.f. amplifving device.

2. The percentage of modulation transferred to the de-
sired signal is proportional to the square of the amplitude
of the interfering signal.

3. The percentage of modulation transferred to the de-
sired signal is independent of the amplitude of the desired
signal.

4. There need be no relationship between desired and
interfering signal frequencies for CM to occur.

Intermodulation

Wheu the two signals mix and produce a third frequency,
which appears at the same frequency as a desired signal,
intertnodulation distortion occurs.

Consider the following example: A city has two AM broad-
cast stations, one operating at 1.5 MHz and one at 0.9 MHz.
If third-order IM occurs in a receiver’s r.f. amplifier, there
will be a signal generated at 3.9 MHz, that is,

(2% 1.5) + (0.9) = 3.9 \[Hz,
If the receiver is tuned to an amateur signal at 3.9 MHz, the
listener will hear the desired signal plus an interfering signal
caused by the IN described above.

As in the case of cross-modulation, no amount of i.f. filter-
ing can remove the distortion because it is caused by a signal
of the same frequency as the desired signal. It should be
noted that the 3.9-MHz IM product is not the only one; there
are others at

(2 X 1.5) — (0.9) = 2.1 MHz,
(2x09) + (1.5) = 3.3 MHz,
(2x 09) — (1.5) = 0.3 NHgz,
(3 x1.5) = 4.5 MHz, and
(3 x 0.9) — 2.7 MHz.

To fully appreciate the damage poor IM performance can
do, one should also be aware that the products listed above
are caused only by the third-order nonlinearity in the r.f.
amplifying device. Unwanted products are also generated by
second-, fourth-, fifth-, and higher-order nonlinearities.

Again, as in the case of CM, the effective receiver selec-
tivity and signal-to-noise ratio are adversely affected by poor
IM performance in the front end.

A mathematical analysis of the causes of intermodulation
reveals the following:

L. IM is caused by second- and higher-order nonlinearities
in the transfer characteristic of the r.f. amplifying device.

2. The amplitude of the undesired product, produced by
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the third-order IM described in the example, is proportional
t the square of the 1.5-MHz signal amplitude and directly
proportional to the amplitude of the 0.9-MHz signal.

3. To produce an IM product at a given frequency there
must be a definite relationship between the two frequencies
from which the product is generated.

Test Circuits

Fig. 1 shows some of the more common r.f.-amplifier cir-
cuits that were tested to determine their relative resistance
to cross-modulation and intermodulation. All the test circuits
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use identical tuned circuits i the output and untuned 51-0hm
input circuits. The output transformer secondary is at a
50-chm impedance level.

Both the emitter-coupled amplifier and the integrated cir-
cuit (connected in a cascode configuration) require parasitic
suppression in the output circuits. A 100-ohm resistor is used

in the emitter-coupled amplifier and a parasitic choke in the
cascode circuit.

CM Testing

The test arrangement for cross-modulation is shown in
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Fig. 1. Schematics of (A) JFET, (B)
MOSFET, (C) bi-polar, (D) emitter-
coupled, and (E) IC cascode r.f. ampli-
fiers that were tested to compare their
relative resistance to both CM and IM.
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Fig. 2. Looking back from the test circuit, the three 16-olun
resistors present approximately a 50-ohm impedance. Both
signal generators have built in modulators which are set to
30 percent, 1000 Hz.

For this test a desired signal frequency of 3.55 MHz is
produced by generator number 1. The interfering signal of
1.55 MHz is produced by signal generator number 2. The
test circuit is inserted and adjusted for maximum gain (0-dB
gain reduction). The variable attenuator reduces the output
ol the test circuit to a level easily handled by the receiver.
The receiver audio output is measured by a wave analyvzer
that is used here simply as a tunable audio v.t.v.m. tuned to
the 1000-Hz modulation frequency.

The object of the test is to measure the r.m.s. amplitude of
modulated interfering signal necessary to cause 5 percent CM
of the desired signal and is made at different levels of gain
reduction.

Initially the interfering signal is set to zero and modulation
is applied to a 5-millivolt r.m.s. desired signal. This desired
signal is tuned in on the receiver and the receiver’s audio
output is adjusted for a reading of 100 on the wave analyzer.
Then the modulation is removed from the desired signal and
the modulated interfering signal is increased until a reading
of 5 is obtained on the wave analyzer. At this point 3100 or
5 percent CM exists. The interfering signal level is then re-
corded and the interfering signal generator output is reduced
to zero.

Now the gain of the test circuit is reduced by 5 dB and the
variable attenuator is reduced by 5 dB, thus maintaining the
same resultant level to the receiver. Again the interfering
signal is increased for 5 percent CM and the result recorded.
The procedure is repeated for each 5 dB of gain reduction
until the full available a.g.c. range is covered.

The CM test results for all of the r.f.-amplifier test circuits
are shown in Fig. 3. Of the circuits plotted. the dual-gate
MOSFET shows the best over-all CM performance, although
at certain degrees of gain reduction it is second to one of the
other two circuits,

One of the most interesting characteristics of CM curves
is best exhibited by the curve for the bi-polar transistor am-
plifier. Note that the interfering signal required to produce
5 percent CM at 10-dB gain reduction is 20 millivolts. As the
gain is adjusted to 13-dB reduction, the interfering signal
increases to 105 millivolts. Further reduction of the gain
to —25 dB results in an interfering signal of 20 millivolts to
produce 5 percent CM. This sharp peak in resistance to CM
is a result of varying the operating point of the transistor so
that the third-order (and higher) nonlinearities in the de-
vice transfer curve are minimized. All the curves depict this
characteristic in varying amounts. If perfect test equipment
were available (i.e., noiseless receiver, zero-bandwidth wave
analyzer, etc.}, it would probably be discovered that these
peaks are much sharper than the curves show them to be and
have a much larger “peak-to-valley” ratio.

IM Testing

The test arrangement for intermodulation distortion is
shown in Fig. 4. Note that a variable attenuator has been
added between the signal generators and the test circuit. In
this test no modulation is used. The received b.f.0. and
product detector is used to detect a single c.w. signal pro-
duced by intermodulation in the test circuit. The generator
frequencies are 1.55 MHz and 1.0 MHz. The generated I\
product to which the receiver is tuned is

(2 X 1.0) + 1.55 = 3.55 MHz.
Notice that this is a third-order IM product and should uct as
a check of the previously completed CM tests, because CM
is produced mainly by third-order nonlinearities.

The object is to determine the amplitude of two equal sig-
nals at 1.55 MHz and 1.0 MHz necessary to produce 250
microvolts (5 percent of 5 millivolts) at 3.55 MHz.

To begin with, a 3.533-MHz, 250-microvolt signal is in-
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serted to obtain a reference reading on the v.t.v.m. Then the
two signal generators are adjusted for equal outputs at 1.55
MHz and 1.0 MHz and the variable attenuator immediately
tollowing the generator is set for maximum attenuation, The
attenuation is then decreased until the 250-microvolt IM
product is obtained. The amplitude of the two interfering
signals is recorded and the test circuit gain reduced by 5 dB.
The attenuator following the test circuit is reduced 5 dB to
maintain a constant level to the receiver. The procedure is
repeated for all values of gain reduction in 5-dB increments.

The resulting curves are shown in Fig. 5. Theoretically,
the IM curves should be parallel to the CM curves for
corresponding circuits. This seems to be generally the case
cxcept for the sharp peak described previously for the bi-polar
transistor. This discrepancy is probably the eflect of one or
both of the following:
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seq
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Fig. 2. Test setup for measuring the r.m.s. amplitude of the
modulated interfering signal necessary to cause 5 percent CM
of the desired signal for each of the test r.f. amplifiers.

100, T T
| |
9 . |
o [ GI-P‘OLAR
T
. pal 1 . MOSFET
@ 17' 5
© | -
L 60| ! e
& A |
5 50 1 | JFET N
] R
¥ q0l— ! \\
z I \ T
3 30 . \\
B M &
20— - e - = =
=
. | i R S 520 ) S
- —‘_[ T T AA o
4 I e | %
0 2 5 10 20 50 100 200 500
INTERFERING SIGNAL - MILLIVOLTS
100 T ‘ T l
cucooz! | |
90} e | L S
| | EMITTER
. ACOUPLED -
~
~
70 N -,
3 P i
4 69 t _,L:k_ = —
< |
G 90 L _ B |
3 \
2 ‘ LN
¥ a0 2 1 B - -
F4 Y
3 39 SR—— I |
[—
20 e Y o :
d ]
10] l— 7~ — ‘
o | B N | | |
| 2 20 100 200 500

5 10 50
INTERFERING SIGNAL-MILLIVOLTS

Fig. 3. (Top) Characteristic curves showing the results of the
cross-modulation tests performed on the test circuits (A), (B),
and (C), and (bottom) (D) and (E) of Fig. 1. The dual-gate
MOSFET r.f. amplifier shows the best over-all CM performance.

Fig. 4. Test setup for measuring the intermodulation distor-
tion present in each of the r.f. test circuits shown in Fig. 1.
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Fig. 5. (Top) Characteristic curves showing the results of
the intermodulation tests performed on the r.f. test circuits
(A), (B), and (C} and {bottom) (D)} and (E} shown in Fig. 1.
CIRCUIT POWER SOURCE DEGRADATION
GAIN IMPEDANCE FOR OF CM
15-dB GAIN PERFORMANCE
JFET 3dB 395 Q 24 dB
MOSFET 7 dB 158 16 dB
Bi-polar 30 dB = —_
Emitter- —
coupled UG
Cascode 31dB _ S

Table 1. Power gain at 0-dB gain reduction for each test cir-
cuit shown in Fig. 1 is listed. Note that FET circuits, although
showing best CM and IM performance, have lowest gain. The
third column lists the source impedance that each FET circuit
should have to raise the gain to a more useful level of 15-dB.

1. Some intermodulation distortion occurs in the output
circuits of the two signal generators.

2. The peak is so sharp that it falls between the 5-dB
steps used in the measurements.

Measurement Error

The system of measurement used in these tests is by no
means error-free. First of all, the devices on which measure-
ments were made are typical only in the sense that they were
chosen at random from a group of 25 to 50. The CA3028
(Fig. 1E) was chosen from a group of six. The curves shown
are not the average of data taken on several dozen of each
device. Other sources of error include:

1. CM or IM in the receiver.

2. Test-equipment calibration error.

Nevertheless, the real object of the tests was not to obtain
absolute values, but to compare the circuits on a relative
basis. All circuits were tested on equal terms and usable
results were obtained.

The data gathered indicates that the dual-gate MOSFET
is the least susceptible (throughout the a.g.c. range) to CM
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and IM of all the circuits tested. Each circuit, though, has its
own desirable characteristics which may be considered more
important than CM or IM performunce by some circuit de-
signers. For example, the cascode circuit has high gain, wide
a.g.c. range, and low noise figure. If a method of a.g.c. were
employed which permitted the JFET to operate at 0-dB
gain reduction, it would obviously be the best choice for an
v.f. amplifier.

Power Gain

Table 1 lists the power gain of each circuit at 0-dB gaiu
reduction. Notice that the two circuits with best CM and IM
performance have the lowest gain. The reason is the JFET
and MOSFET are high input-impedance devices and the
source impedance from which they are fed is only 25 ohms
(the 51-ohm termination in parallel with the 50-ohm output
impedance of the generator arrangements). This mismatch-
ing of impedance causes the low gain. The third column in
Table 1 shows the source impedance from which the two de-
vices should be fed in order to raise the gain te a more useful
level of 15 dB. This would normally be accomplished by
using a tapped tuned circuit at the input te the device.

The tuned-circuit “Q” should be made as high as possible
for the following reason: If an interfering signal is within the
bandpass of the tuned circuit, it will be stepped up in ampli-
tude the same as the desired signal. Remember that the per-
centage of CM caused by the interfering signal is propor-
tional to the square of its amplitude. It is no help that the
desired signal is increased because the CM is independent of
the desired signal amplitude. Thus, a step-up of 12 dB in the
input circuit results in a 24-dB decrease in the interfering
signal voltage required at the antenna to produce an equal
amount of CM. This applies to signals within the passband
of the input-tuned circuit. Interfering signals falling far out-
side the passband will not be stepped up and consequently
will not present as great a problem.

Hence, to make maximum use of the field-effect devices.
they should be driven from as low an impedance as prac-
ticable and preceded by a highly selective tuned circuit. The
loss in gain should be made up by using devices with higher
forward transconductance whenever possible.

The use of a low-source impedance causes some degrada-
tion of circuit-noise figure. This may be objectionable at
v.h.f,, but at frequencies below 50 MHz antenna noise over-
comes circuit noise by an amount such that considerable noise
figure degradation is not noticeable. Interfering signals are
usually farther removed at v.h.f. and CM performance is not
as seriously affected by choosing a source impedance for best
noise figure.

Conclusion

Obviously, not all the possible r.f. amplifiers were tested.
The low-source impedance requirement suggests that com-
mon-gate FET configurations may offer improved CM and
IM characteristics. Also, an unbypassed emitter resistor in
the bi-polar transistor circuits would probably improve their
performance. However, the circuits tested are representative
of the most commonly used, and the results yield an insight
into their relative resistance to cross-modulation and inter-
modulation. A
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10.

. The sound carrier and color subcarrier are located at what frequencies in a

- The TV intercarrier, 4.5-MHz, sound i.f. frequency is usually derived in:

. Which statement is correct?

C.E.T. Test, Section #2
TV Signals

By DICK GLASS*

What is your electronics servicing 1.Q.?
You must get 75% on entire exam to pass.

This is the second in a series of 12 test sections to be pub-
lished monthly, which are representative of the Certified
Electronic Technician (C.E.T.) examinations given by NEA, a
national association for radio and television service technicians.

(Answers will appear next month.)
Answers to last month’s quiz appear on page 89

The portion of the composite video signal usually called the ‘‘blacker-than-black’
portion is:
(a) the sync pulses
(b) blanking pulses

(c) zero reference level
(d) vertical interval test signals

Which of the following statements is untrue concerning the composite video
waveform?

(a) sync pulses take up at least 25% of the total amplitude

(b) blanking pulses are at approximately 75%. of the total amplitude

(c) picture information may take up to 75%o of the total amplitude

(d) the FM sound modulation takes up to 75%o of the total amplitude

When viewing the vertical-blanking bar on a TV screen, which statement is true?
(a) the white dots or dashes near the bottom of the bar are the vertical serrations
(b) the square dark “hammerhead” in the center is made up of vertical sync

pulses
(c) the square dark “hammerhead’ is made up of equalizing pulses used to |
improve vertical interlace |
(d) the dark bar extending across the vertical blanking bar, from left to right, ,
is the horizontal sync pulse '

Peak transmitter power occurs during:
(a) blanking
(b) maximum white areas

(c) maximum black areas
(d) sync tips

40-MHz TV i.f. section?
(a) 41.25 and 42.17 MHz
fb) 41.25 and 45.75 MHz

(c) 42.17 and 45.75 MHz
(d) 40.00 and 43.58 MHz

(a) the sound discriminator
(b) the TV tuner

(c) the video detector
(d) the video i.tf. amplifier

Which statement is incorrect?
(a) the color burst is approximately 8 cycles in duration
(b) the color burst synchronizes the receiver's color oscillator
(c) the color burst is located on the “‘front porch” of the horizontal sync pulse
(d) the color burst is present only during color broadcasts

(a) the horizontal scanning frequency is 262'/2 times the vertical scanning
frequency

(b) the color burst is 3.68 MHz

(c) the video signal is FM

(d) the vertical blanking pulse is 75%o0 of the horizontal blanking pulse height

What is the standard FM radio i.f. frequency?
(a) 88 MHz to 108 MHz (c) 21 MHz
(b) 262 kHz (d) 10.7 MHz

Vertical interlace scanning is controlled in the receiver by:
(a) the vertical sync pulse (c) the vertical blanking pulses
(b) the equalizing pulses (d) ringing in the vertical oscillator

“Executive V.P., NEA, 12 South New Jersey St., Indianapoiis, Ind. 46204,
assisted by Lew Edwards, chairman of Test Make-up Subcomm.
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ENGINEERS

e Evaluation and Test
» Manufacturing
o Others

Automatic Electric, a leading
innovator of computerized elec-
tronic switching systems and
the largest producer of commu-
nications equipment for the in-
dependent telephone industry,
has numerous entry level and
experienced technical positions
available in the following areas:
EVALUATION & TESTING
Electronic and electrical en-
gineers to initially learn the
design of new electronic and
computer systems and then
perform prototype and/or field
evaluation thereon. Entry level
requirements — BS degree in
EE, ET, or computer science
with some knowledge of pro-
gramming. Higher level posi-
tions exist for those with ex-
perience in electronic common
control systems.

MFG. ENGINEERING De-
greed electronic or electrical
engineers (new or experienced)
initially learn new compu-
terized electronic telephone
switching systems, design test
equipment and associated test
procedures and troubleshoot
the mass production of this
equipment.

Additional Positions currently

available include:

« Software and Hardware
Design Engineers

* Automation Engineers

* Ceramic Engineers

« Switching System
Planning Engineers

* Traffic Analysts

If you are interested in a pro-
gressive, growing company that
offers well equipped modern fa-
cilities, a policy of promotion
from within, and a pleasant
West suburban location (15
miles from downtown Chica-
go), send vour resume in con-
fidence to: . )
Larry Wisniewski
Professional Employment Representative

AUTOMATIC ELECTRIC

Subsidiary of General Telephone
& Electronics

400 North Wolf Rd., Northiake, 1li. 60164

An Equal Opportunity Employer

CIRCLE NO. 148 ON READER SERVICE CARD
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We pack your electronics c_ourse: with
kits to make your training fast.
You’'ll enjoy every minute of it

- QW |
e &

G

Choose a career in electronics:
Computers. Color TV Servicing.
Automation. Communications.
Whatever the field, NTS has a
complete home-study package to
get you to the top faster. 10 thor-
ough training courses. Each in-
cludes everything to give you the
working knowledge required of
successful technicians.

NTS Project-Method Training is
the practical way to learn elec-
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Your NTS éUCC >

—

tronics. it's a proven combination
of lessons and the best profes-
sional kit equipment availabie.
NTS provides the biggest selec-
tion of kits ever offered in home-
study . . . all at no extra cost.
You’'ll construct these exciting
kits to fully understand electronic
circuits, components, .and con-
cepts. Our Project-Method lets
you build skills by putting theory
intc practice . .. by working with
your hands, as well as your head.

www americanradiohistorv. com

es_s- package

Lt 3

The NTS “learn and practice’ ap-
proach makes training at home
really easy. All it takes is a few
hours a week .. . whether you're
starting frem scratch or in ad-
vanced courses. This is the all-
inclusive success package that
put thousands of men into the
best paying jobs ... or into their
own business. If “just a living”
isn’t good encugh for you, now is
the time to get something better
going for yout!

ELECTRONICS WORLD
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NTS COMPUTER
ELECTRONICS

This is the future. And it's hap-
pening now. The number of com-
puters will increase many times
in the next few years.

Exclusive new
Compu-Trainer®

NTS offers a solid grounding in
computer operation, wiring, data
processing and programming.
One of the 10 important kits in-
cluded is our exclusive Compu-
Trainer®, It's a fully operational
computer logic trainer — loaded
with integrated circuits — the first
ever offered in home study. It in-
troduces you quickly to how,
what, when and why of computers
... from theory to practical serv-
icing techniques. This unit is
capable of performing 50,000 op-
erations per second. And it's sent
at no extra cost.

NTS COLOR TV
SERVICING

This is a broad, easily understood

e

rrlTT

COLOR TV

295 SQ. IN. PICTURE

program designed to make you a
complete home-entertainment
service technician. Included, at
no extra cost, is a color TV
that has more features than any
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set on the market. You also learn
all about stereo, hi-fi, multiplex
systems, and become a specialist
in Color TV Servicing. Kits also
include AM-SW radio, solid-state
radio, field-effect transistor volt-
ohmmeter, electronic tube tester.

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

You're trained in the “‘push-but-
ton' electronics that keep indus-
try going and growing ... from
relay type controls to highly
advanced systems essential to
production. You receive 16 kits in-
cluding a 5” wide band oscillo-
scope, and the new NTS elec-
tronics lab: a

fascinating NTS

exclusive
experi-
mental
laboratory.
A complete
workshop
which
makes you
familiar
with solid- o
state, 4 7]
miniature,

and integrated 57
circuits. Oscilloscope

NTS ELECTRONIC
COMMUNICATIONS

The use of 2-way radio systems in
private and commercial applica-
tions is skyrocketing. NTS pre-
pares you for the big-money
opportunities in the field of trans-
mitting and receiving equipment.
Your tuition will be refunded in
full if you cannot pass the FCC
exam for a 1st Class Commercial
Radio-Telephone License within

TR
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six months after successfully
completing this course. You build
valuable kits including Amateur-
Phone 6 Meter VHF Transceiver,
solid—state Radio, and a field-
effect transistor volt-ohmmeter.

CLASSROOM TRAINING
AT LOS ANGELES

You can take classroom training
at Los Angeles in sunny Southern
California. NTS occupies a city
block with over a million dollars
in facilities devoted exclusively to
technical training. Check box in
coupon.

NATIONAL SCHOOLS

World-Wide Training Since 1905

4000 South Figueroa Street
Los Angeles, Calif. 90037, U.S.A.

APPROVED FOR
VETERANS

Accredited Member: National As-
sociation of Trade and Technical
Schools, National Home Study
Council.

| TODAY, MAIL

| COUPON
}FORFREE
) COLOR

| CATALOG ¢ s
iANDSAMPLE

| LESSON.

| NATIONAL TECHNICAL SCHOOLS
4000 S. Figueroa St., Los Angeles, Calif. 90037

NTS GUIDE
ELECTRONICS

Please rush Free Color Cataiog and
Sample Lesson, plus information on
field checked below. No obligation.
No salesman will call.

1

1

|

|

|

|

[}

1

f

[

!

l |
| i
l |
: |
| ) MASTER COURSE IN COLOR !
| TV SERVICING |
| COLOR TV SERVICING i
MASTER COURSE IN TV & !
} RADIO SERVICING i
PRACTICAL TV & RADIO |
i SERVICING [
| MASTER COURSE IN ELEC- I
! TRONIC COMMUNICATIONS |
[ FCC LICENSE COURSE |
, MASTER COURSE IN ELEC- |
l |
l 1
l !
| |
l |
| I
: t
|

} |
i

l |
| |

0 0O O 0oc

TRONICS TECHNOLOGY
INDUSTRIAL AND AUTOMATION
ELECTRONICS

COMPUTER ELECTRONICS
BASIC ELECTRONICS

oo o

i Name "~ Age
Address

City - State Zip

[J Check if interested in Veteran Training
under new G.|. Bill.

[] Check if interested ONLY in Classroom

Training at Los Angeles. Dept. 240-030
) |
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For a SOUND INVESTMENT ...
you need SOUND ADVICE
19270

STEREO HI-Fl
DIRECTORY

It's the most complete,
most reliable guide to vir-
tually every new component
on the market — amplifiers U8 |
® tuners e receivers e changers and turntables
o home TV-tape recorders e cartridges-arms and
accessories e tape machines-cartridge, cassette
and reel-to-reel @ speaker/cabinets e hi-fi sys-
tems e miscellaneous accessories.

You'll know what to look for, what to listen
for, how to buy, what to pay—before you set
foot into the store. You'll be armed with full
technical specs, photos, model numbers, dimen-
sions, special features, optional accessories, and
prices for each piece of stereo equipment put
out by the world's leading manufacturers

Even f you plan to buy just one piece of
equipment in the next 12 months, the 1970
Stereo Hi-Fi Oirectory is your most important
first step. A must for anyone concerned with
good listening and sound buying!

I Ziff-Davis Service Divaon, Dept.—SE -
595 Broadway, New York, N.Y, 10012 N

YES. Send me the new 1970 STEREQ HI-FI DIREC.
TORY as checked below:

(3 $1.35 enclosed, plus 25¢ for shipping and han.
dling. Send me the regular edition. {$2.00 for
orders outside the U.S.A.)

3 $3.50 enclosed. Send me the Deluxe Leather.

1
1
]
1
]
1
[] weeks for delivery.
1
1
1
1
1

flex bound edition, postpaid. (34.50 for orders
outside the U S.A) Allow three additional
print name .
address o
city
state 2ip

= PAYMENT MUST BE ENCLOSED WITH ORDER =
Cooperate With The
Zip Code Program
of The Post Office
Department.
Use Zip Code
In Al Addresses

IDEAS TO CASH
We are secking prototype tovs, wmnes
and educational items. I vou can or
have created a good item, we can con-
vert yvour effort into a cash asset. Write
to: R.AL Research Corp., Dept. 3\,
36-40 37th Street, LLC., N.Y. 11101,

GET
INTO

V.T.1. 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.I. 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
e . = o — L = )
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IC Memories
(Continued from page 29)

3 is a building block, its internal organi-
zation is unusual in that static shift reg-
isters have been added to the usual
decode and sense circuitry. It illustrates
the complexity achievable with MOS
technology—all of the circuitry shown in
Fig. 3, top, is physically located on the
chip (Fig. 3. left). This ROM will gen-
erate words or word series of any length
for functions such as programming, con-
trol instructions, digital geueration of
characters  or graphic displavs, etc.
ROM's can be cascaded to produce
word series longer than the single-circuit
capacity of 256 bits (Fig. 3. right) with
all stored bits clocked out after a single
start command.

A sequential-output ROM like that
shown in Fig. 3, right may also be used
as a sequential-select memory. Sequen-
tial select is controlled by a time-address
method such as counting clock pulses
until the desired word appears at the
ontput. A high-speed clock can be used
during the search mode. In effect, this
ROM is a non-volatile form of shift
register.

More typical are the lurger, random-
access ROM’s, which will read ont any
word in 1 ps or less. This type of ROM is
useful in any lookup-table application—
storage of constants or programs, code
conversion, character generation, ran-
dom-logic synthesis, cte. Thev can be
paratlelled for word lengths wider than
8 bits or cascaded when instruction
branching, multi-stage lookups, or com-
plicated conversions are required. The
chip shown in the lead figure is outlined
in Fig. 4 and is an interesting example
because it can be programmed to gen-
erate either 128 cight-bit functions or
236 fonr-bit functions.

MOS-Bipolar Compatibility

The importance of bipolar compatibil-
ity is illustrated by the character-gen-
crating system shown in Fig. 5. The
three 1024-bit ROM's (Fig. 54) are pro-
grammed to convert the ASCIH code into
35-bit (5 X 7) outputs that car be used
to control display devices. For example,
the “17 bits would be seen as bright dots
and the 07 bits as unlit spaces in alpha-
numeric svmbols displaved on the raster-
scan  television screen. However, the
parallel outputs of the ROM’s must first
be converted to a serial-bit stream that
controls gating of the CRT electron
beam. If the ROM’s are to operate at
full speed, 1 MHz, the parallel-to-serial
converter and the control counter must
be several times as fast. These devices
and the gates are TTL.

Gencerating 64 standard alphanumeric
characters requires 2240 bits of storage,
which can be supplied economically with
three 1024-bit ROM’s. The counter and
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gates toggle the system so that the top
ROM forms the 4 X 4 upper-left por-
tion of each 3 X 7 pattern, the center
ROM generates the 3 X 4 lower-left por-
tion, and the lower ROM produces the
7 bits in the right-hand columm. The
counter outputs cause the ROM’s to be
selected in the correct sequence and in-
sert spacing “0” bits between symbols
on the display. The additional circuitry
in the display-system diagram (Fig. 5B)
allows a line of symbols to be generated
and refreshed on the display. Each im-
put channel contains a shift register or
accumulator operating as a buffer mem-
ory and recirculating delay line.

ROM’s Instead of Logic

It is possible to build a computer en-
tirely of memory and memory control
circuits. In a small way, this is done
when a ROM is programmed to veplace
logic fimctions. The substitution has
been made experimentally in small com-
puters, but designers have shied away
from replacing logic with ROM’s in large
computers because it is necessary to
cover all programming contingencies in
the ROM designs. Debugging the soft-
ware of a large, general-purpose com-
puter is a formidable task that can take
several yvears.

However, for selected tasks, such as
software emulation, machine-language
translations, and replacements for
known-function logic, ROM’s can be
used without difficulty. An estimated 90
pereent of all logic functions can be re-
placed by ROM’s. If MOS ROM's are
used, the replacement would cost half
or less than half as much as conventional
logic 1C’s. One MOS ROM can replace
more than 100 logic gates.

As a simple example, consider the
truth table shown in Fig. 6A for the func-
tion Z = ABC + ABC + ABC + ABC.
This function reduces to the fuunction
7 = BC + AB + ABC (Fig. 6B) and
can be implemented directly with 8 bits
in an ROM or with three logic gates
(Fig. 6C). Much more complex func-
tions like the one shown in Fig. 6D, are
actually being  obtained with ROM’s
today.

ROM's used in this fashion are a hoon
to the designers of special-purpose con-
trols and similar systems. To build equiv-
alent fumctions with conventional IC
logic takes large logic assemblies, with
their attendant path delays, logic “race,”
crosstalk, and other problems. No ex-
pertise in logic operation or debugging
is needed to prepare a truth table used
to program an ROM.

(Concluded Next Month)
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DELUXE

RECORD AND
TAPE CASES

lus cataloging forms
p /_W ging

e PADDED BACK e DUST PROOF

—

e GOLD EMBOSSED

,.:-

These decorative, yet sturdily con-
structed cases are just what you've

been IOOk”'y for to keep your records and

tapes from getting tossed about and damaged,
disappearing when you want them most and just
generally getting the '‘worst of it’’ from constant
handling. They're ideal too for those valuable
old ‘‘78's’’ that always seem to get thrown
about with no place to go.

Constructed of reinforced fiberboard and covered
in rich leatherette in your choice of five dec-
orator colors, the STEREO REVIEW Record and
Tape Cases fend themselves handsomely to the
decor of any room, whether it be your library,
study, den, music room or pine-paneled garage.
The padded leatherette back (in your calor
choice) is gold tooled in an exclusive design
available only on STEREQO REVIEW Record and
Tape Cases. The sides are in standard black
{eatherette to keep them looking new after con-
stant use.

With each Record and Tape Case you
order you will receive, FREE OF
CHARGE, a specially designed record
and tape cataloging form with pressure-
sensitive backing for affixing to the
side of each case. It enables you to
list the record names and artists and
will prove an invaluable aid in helping
you locate your albums. The catalog
form can be removed from the side of
the case at any time without damag-
ing the leatherette.

T

Record Cases are available in three sizes: for 77,
10” and 12”7 records. Each case. with a center
divider that separates your records for easy acces-
sibility, holds an average of 20 records in their
origina! jackets. The Recording Tape Case holds
6 tapes in their original boxes.

® The Tape Cases and the 7" Record Cases (with
cataiog forms) are only $4 each; 3 for $11;
6 for $21.

@ The 10” and 12" Record Cases (with catalog
forms) are $4.25 each; 3 for $12; 6 for $22.
Add an additional $1.00 per order (regardless of
number of cases ordered} for shipping and handling.
Outside U.S.A. add $1.00 PER CASE ORDERED.

2iff-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N.Y. 10016
My remittance in the amount of $
is enclosed for the Cases indicated below.
Quantity
Tape Case at $4 each; 3 for
$11. 6 for $21.
7” Record Case at $4 each;
3 for $11, 6 for $21.
_____ 10” Record Case at $4.25 each;
3 for $12, 6 for $22.
12”7 Record Case at $4.25 each;
3 for $12, 6 for $22.
Add $1.00 PER ORDER for SHIPPING and
HANDLING. Outside U.S.A. add $1 PER CASE
ORDERED.
Check color choice far back of case (sides in
black only):

[J Midnight Blue O Red [ Spice Brown
[ Pine Green O Black

Name

Address EW-3-70

City State Zip

®m PAYMENT MUST BE ENCLOSED WITH ORDER
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Four-Channel Stereo
(Continued from page 33)

existing between the two channels was
not supplied, this system was not adopt-
ed. Here an ultrasonic frequency was
the control signal.

Since plonograph records are lifted
to two full-frequency channels, a similar
type of fading system could be used,

with the left channel fading between the

front-left and rear-left speakers and the
right-channel signal between the front-
right and rear-right loudspeakers (17ig.
4). For this purpose two fading-control
signals would have to be recorded on
the disc; they could be just above or be-
low the audible frequency range. Since
the record is capable of handling two
channels, the control signals could be
the same frequency but located sepa-
rately in the left and right channels. As
an alternative, a single control signal
could be used to handle simultancous
fading from front to rear. These types of
records would be compatible with exist-
ing stercophonic equipment but would
require some rather complex “4-chan-
nel” playback equipment to accomplish
this fading.

As a refinement, the separate fading
signal might conceivably be omitted by
realizing that the human ear is not very
sensitive to full separation at very low
frequencies. Consequently, the propor-
tion of bass in the left and right chan-
nels could be used to actuate the fading-
control circuits in the playback equip-
ment. This would increase the circuit
complexity but would eliminate the
need for additional control signals.
There would be no separation of bass in
such a system, because all the bass sig-
nals would be summed into one signal.
Tlie common bass would then be record-
ed in some varying proportion in the two
channels to act as the fading-control
signal. As an alternate, the fading-con-
trol signal could be derived from the
proportion of the lateral to vertical mod-
ulation of the record.

(LEditor’s Note: The recently demn-
onstrated Schireiber-Mowrey 4-chanucel
disc uses two channels on the disc to
carry 4-channel information. Although
there are still no technical details avail-
able. we belicve that some sort of fading
or switching technique is used depend-
ing on the separation or other character-
istic of the two channels. A complex en-
coder-decoder circuit must be included
both in the record and playback sys-
tems.)

The coming vears will bring solutions
to the many problems posed in record-
ing, reproducing, transmitting, and re-
ceiving 4-channel stereo sound. There
will be rapid improvements and new
developments that will eventually lead
to a 4-channel svstem that everyone
can enjoy. A
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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 hoid a full
year's copies.

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

a;ck One:

[ All Black (T} Maroon Back ¢ Black Sides

Address.

|
| Print Name._

i City.
| State.___
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This big, illustrated volume
is crammed with expertly
written features about tape
recorders and tape buying,
maintenance, editing and
recording technigue.

TAPE RECORDER ANNUAL
has everything—fresh and
lively features including
a picture article that takes
you through the manufac-
turing process of pre-
recorded tape ¢ Cassettes
at home and abroad *®
Stop—and—go realities of
tape in the law ¢ Buying
guides to help you choose:
guides to open reel, cas-
sette and cartridge . . .
tape recorders and decks
... mikes and accessories.
There's action on every-
thing in TAPE RECORDER
ANNUAL—test tapes * tap-
ing off the air * mainten-
ance procedures * manu-
facturers' index « oscillo-
scopes as a recording level
meter plus a complete glos-
sary of tape terminology.
This is the annual you'll
want to have, and save ...
and refer to again and
again, all year.

§ zitt-Davis Service Division, Dept. TRA EW-3.70
1 595 Broadway, New York, N.Y. 10012

Please send my copv of the 1970 TAPE RECORDER
§ ANNUAL as checked below:

THE TAPE
RECORDER
EXPERT!

Stereo Review's
1970 TAPE
RECORDER

ANNUAL

o

Your own personal
oaperl on taps
racorders and lapes

] ] $1.35 enclosed, plus 25¢ for shipping and han.
dling, Send me the regular edition, ($2.00 for orders

| outside the U.S.A.)

1 ] | am enclosing $3.50. Please send me, postpaid,
the Leatherflex-covered Deluxe Edition. ($4.50 for

1 orders outside U.S.A.) (Please allow 3 additional

1 weeks for delivery of the Deluxe Edition.)

1 print name

1 address

1 city

1 state zip

§ a= mPAYMENT MUST BE ENCLOSED WITH ORDERw =
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LAUNCHING
SPECTACULAR

IN ELECTRICAL and
ELECTRONICS ENGINEERING

4 Floors of Exhibits

NEW YORK COLISEUM

50 Technical Sessions
NEW YORK HILTON

M

vy PIEEE
Thursday @

INTERNATIONAL 7 O

CONVENTION andt EXHIBITION

MARCH 23-26, 1970
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TEST
EQUIPMENT

Product Report

Weston Model 1240 Digital V.0.M.

For copy

of manufacturer’s brochure, circle No. 3 on Reader Service Card.

ke ! o

AST month we described a low-cost
digital v.o.m. that should really
begin to compete with pointer-type
analog meters where the accuracy and
reading simplicity of a digital instru-
ment are desired. That instrument was
Honeywell's Digitest 500, priced at
$250. Another meter for this same mar-
ket is the new Weston Model 1240,
shown here.

This meter has 26 ranges for measur-
ing a.c. and d.c. voltage, a.c. and d.c.
current, and resistance. The circuit uses
a high-impedance bipolar analog-digital
converter operating on a Weston-pat-
ented dual-slope principle. The basic
range is 200 millivolts to which all other
ranges and functions are converted. A.c.
is converted to d.c. by an average-
sensing r.m.s.-calibrated converter as-
sembly. Current is measured by the volt-
age drop it establishes across a precision
ring shunt network. Resistance is mea-
sured by passing a scaled constant cur-
rent through the unknown and measur-
ing the d.c. voltage across it.

The highest d.c. range is 1000 volts at
an input impedance of 10 megohms with
an accuracy of 0.1 percent of the reading
+1 digit. A.c. voltages up to 500 volts
can be measured at an input impedance

of 1 megohm with an accuracy of 0.5
percent of the reading, =1 digit. Both
a.c. and d.c. current up to 2 amps can
be read, and there are six resistance
ranges (up to 20 megohms).

The Model 1240 has a tilt stand for
using the meter on the bench; the stand
can be used as a carrying handle for
portability. By removing the handle, the
unit can be rack-mounted in a standard

%-in panel. The compact size of the in-
strument (7 in by 3 in by 8 in deep)
allows it to be carried conveniently in a
standard attaché case. All the controls
are recessed and can be operated with
one hand.

All circuits are protected from over-
loads either through a resistor-diode
network, or through fuses, which are
replaceable from outside the case. Fuse-
removal tools are on the ends of the
carrying handle locking knobs.

The digital meter can be operated
from either a 120- or 240-volt a.c. power
line. An optional battery pack is also
available for field operation in remote
locations.

Price of the Weston Model 1240 is
$379.50. A less expensive Model 1241
is also available for d.c. voltage and re-
sistance measurements only. A

Hewlett-Packard Model 198A Oscilloscope Camera

For copy of manufacturer’s brochure, circle No. 4 on Reader Scrvice Card.

OR the engineer or technician who

uses an oscilloscope on the job, the
need often arises to make a permanent
record of some of the scope traces he
observes while developing a circuit or
testing some equipment. A special scope
camera that mounts directly onto the
scope fills this need. Previous scope
cameras from Hewlett-Packard and
other such manufacturers have been

www americanradiohistorv com

fairly expensive, selling for around $425
to $550. This new Model 198A is priced
at $350. The price reduction has been
made possible by eliminating some sel-
dom-used features like a movable film
back. The new camera uses a Polaroid
back and standard flat-pack self-pro-
cessing film.

In addition to recording scope traces.
a camera extends the capabilities of the

ELECTRONICS WORLD
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scope. For example, at very low sweep
rates where the trace appears simply as
a wiggling dot, a photographic time ex-
posure in effect gives long persistence
to the CRT phosphor. At high speeds,
the scope camera can frecze a fast-
moving display that appears as a blurred
trace to the eve, or it can capture fast,
single-shot events that occur just once.
Also by taking a number of multiple
exposures with the camera, it is pos-
sible to compare waveforms that occur
at diflerent times.

A special focus arrangement is used
on this camera to eliminate troublesome
focus plates. A pair of mirrors reflect
twin curtains of light onto the scope

screen. The mirror system is interlocked
with lens focal distance and the me-
chanical focusing svstem. When the cur-
tains of light just meet, the CRT graticule
is evenhy illuminated and the camera is
properly focused.

The Model 198A is easily mounted |
directly on any 5-in H-P oscilloscope by
means of an adjustable clamp. Bezel
adapters are available for most other
scopes. A synchronized contact closure
is provided to trigger external circuits or
to synchronize other equipment when
the camera’s shutter-release cable is
operated. The fastest shutter speed is
1,60th second and the largest lens open-
g is f 3.3. A

Sencore TC154 Tube Tester

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

THE test equipment manufacturers
are still coming out with new and
improved tube testers since there are
still plenty of tubes in use in old as well
as new TV receivers and other equip-
ment. Sencore’s popular Mighty \lite
Six tube tester has now been updated
with this new Mighty Mite Six, Model
TC154.

What is unique about this tester is
that instead of the usual 12AU7 tube
operating in a v.t.vam. circuit to check
grid leakage, solid-state circnitry is
used. A selected field-effect transistor
and a zener diode form a balanced
bridge high-impedance voltmeter cir-
cuit. Hence, the tester is readv to go the
instant the switch is turned on; there is

March, 1970

no need to wait for the checker to warm
up and stabilize before accurate testing
can begin. Just like an instant-on TV set.
this tube tester is also instant-on. Fur-
thermore, there is no chance for the
tester’s v.t.v.m. tube to develop leakage
which might affect the leakage readings
of tubes that are being checked.

Another new feature is the use of four
push-buttons on the front panel to tuke
the place of the usual function switch.
With so many of the new kitchen appli-
ances going to push-buttons these days.
the TC154 is right in style.

The tester checks tubes for cathode
emission, grid leakage, and shorts. It is
extremely simple to use and quick to set
up. An additional socket has been pro-
vided to check some of the later tubes
and tubes that were seldom used in the
past but have recently become popular.

Checking a large number of tubes,
such as those used in a color-TV re-
ceiver, for example, can be done very
quickly.  The operating controls are
located in a straight line and are set up
in logical ABCD order. The line cord
can be stored in a compartment located
at the bottom of the compact instru-
ment.

The TC154 is housed in a two-toned
brushed steel and vinyl-clad case with
a convenient carrving handle and front
cover. Price of the tester is $89.50. A
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MR. SCA OPERATOR

NEED A RELIABLE SOURCE FOR
HIGH QUALITY, LOW COST SCA
RECEIVERS, OR SCA DEMODULATOR
UNITS?

A new and proven sub-carrier demodula-
tion scheme using old established principles
is now practical due to recent component
developments and mass production. The
resultant reduction in cost is passed on to
you.

y o : Ty

MODEL SCA-6137 SINGLE FREQUENCY FM
RECEIVER. Size: 12" x 5%” x 4%”. Price: $69.95
( Quantity 1-9)

SCA-6137 FM Receiver Features:

® Range: 88 to 108 MHz e Frequency Field
Adjustable ® All Solid State Devices ® RF Stage
o 3 IF Stages ® Automatic Frequency Control
® ‘I'wog 67 Kliz Amplifier Stages ® 67 Kliz Ratio
Detector @ Adjnstable Muting ® Main/Sub-Car-
rier Switch ® One Watt Audio Qutput ® 4” Mon-
itor Speaker ® Provision for External Speaker ®
117 Volt AC Operated.

Also available: SCA-3 sub-carrier demodulator
PC Card with muting control. Size: 214" x 3" x
S5, Operates on 6 to 12 Volts DC at 6 ma. Avail-
able from stock, Price: $39.95 ¢ Quantity 1-9)
Quantity discounts and detailed specifications are
available to SCA operators.

Send orders and inquiries to:
JanZac Company: P.O. Box 177;
Stamford, Conn. 06904
KenZace Company; P.O. Box 66251;
Houston. Texas 77006
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WINEGARD

CATALOG %2
BTV AND FM ANTENNAS
oy

BamrLrgRS

WHOME TV gySrEMS

e
e

about TV antennas

& home TV systems!
(And it’s free!)

Write today for your free copy of the giant
1970 Winegard Catalog offering the world’s
finest selection of TV and FM Antennas,
Mounts, Amplifiers, Wire—plus everything you
need for a home TV outlet system. Profes-
sional or do-it-yourselfer, you'll learn more
about the new Winegard products that can
bring you sharper, clearer TV and FM recep-
tion. Mail coupon now for your free copy.

BV oy

r--------------1

| . I
i Winegard
® ANTENNA SYSTEMS
= 3003-3 Kirkwood Street :

Burlington, lowa 52601
= Please send your free catalog to: I
1
l NAME e o mama s l
1 Apooress |
: CITY. :
= STATE ZiP. |

I'ma [J Dealer [0 Do-it-Yourselfer ||

| e ————
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One of our students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully ““shopped around’’

for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better ““ad’’ than
anything we could tell you.
Here’'s his story, as he wrote it
to us in his own words.

By Harry Remmert

AFTER SEVEN YEARS in my present position, 1 was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increase in pay, he said. “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, T did receive the
raise that time, but [ realized that my pay was approach-
ing thc maximum for a person with my limited training.
Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not compieted any of them. I’d be tired, or want to
do something eise on class night, and would miss so many
classes that I’d fall behind, lose interest, and drop out.

The Advantages of Home Study

Therefore, it was easy to decide that home study was the
answer for someone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss, and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because

70
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Harry Remmert on . An Electronics Technician with a promising
future, he tells his own story on these pages.

it is right there in print for as many re-rcadings as I find
necessary. 1f I fcel tired, stay latc at work, or just feel lazy,
I can skip school for a night or two and never fall behind.
The total absence of all pressurc helps me to learn more
than I'd be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me. these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

Having decided on home study, why did I choose CIE?
I had catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before I reccived any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions. etc. I eliminated
those schools which were slow in sending catalogs.

FCC License Warranty Important

The First Class FCC Warranty* was also an attractive
point. I had seen “Q” and ““A” manuals for the FCCexams,

*CIE backs its FCC License-preparation courses with this famous Warranty:
graduates must be able to pass the applicable FCC License exam or their
tuition will be refunded in full.

ELECTRONICS WORLD
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and the material had always seemed just a little beyond
my grasp. Score another point for CIE.

Another thing is that CIE offered a complete package:
FCC License and technical school diploma. Completion
time was reasonably short, and I could attain something
definite without dragging it out over an interminablec num-
ber of years. Here I eliminated those schools which gave
college credits instead of graduation diplomas. I work in
the R and D department of a large company and it’s been
my observation that technical school graduates generally
hold better positions than men with a few college credits.
A college degree 1s one thing, but I'm 32 ycars old, and
10 or 15 years of part-time college just isn’t for me. No,
I wanted to graduate in a ycar or two, not just start.

If a school offers both resident and correspondence
training, it’s my feeling that the correspondence men are
sort of on the outside of things. Because 1 wanted to be
a full-fledged student instead of just a tagalong, CIE’s
exclusively home study program naturally attracted me.

Then, too, it’s the men who know their theory who
are moving ahead where I work. They can read schematics
and understand circuit operation. I want to be a good
theory man.

From the foregoing, you can see I did not select CIE
in any haphazard fashion. I knew what 1 was looking for,
and only CIE had all the things I wanted.

Two Pay Raises in Less Than a Year

Only eleven months after I enrolled with CIE, I passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. I had a pay increase even bg-
fore I got my license and another only ten months later.
I'm getting to be known as a theory man around work,
instead of one of the screwdriver mechanics.

These are the tangible results. But just as important are
the things I've learned. I am smarter now than I had ever
thought I would be. It feels good to know that I know
what I know now. Schematics that used to confuse mc
completely are now easy for me to read and interpret.
Yes, it is nice to be smarter, and that’s probably the most
satisfying result of my CIE experience.

Praise for Student Service

In closing, I'd like to get in a compliment for Mr. Chet
Martin, who has faithfully scen to it that my supervisor
knows I'm studying. I think Mr. Martin’s monthly reports
to my supervisor and generally flattering commentary have
been in large part responsible for my pay increases. Mr.
Martin has given me much morc student scrvice than “the
contract calls for,” and I certainly owe him a sincere debt
of gratitude.

And finally, there is Mr. Tom Dufly, my instructor. 1
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Duffy. He is clear,
authoritative, and spared no time or cffort to answer my
every question. In Mr. Dufty, I've received everything I
could have expected from a full-time private tutor.

I'm very, very satisfied with the whole CIE experience.

ENROLL UNDER NEW G.I. BILL
Ail CIE courses are available under the new G.l. Bill. If you
served on active duty since January 31, 1955, or are in service
now, check box on repiy card or coupon for G.l. Bill information.

Every penny I spent for my coursc was returned many
times over, both in incrcased wages and in personal satis-

faction. y

Perhaps you too, like Harry Remmert, have rcalized that
to get ahcad in Elcctronics today, you neced to know much
more than the “screwdriver mechanics.” They'rg limited
to “thinking with their hands”...lcarning by taking things
apart and putting them back together...soldering connec-
tions, testing circuits, and replacing components. Under;
standably, their pay is limited—and their future, too.

But for men like Harry Remmert, who have gotten the
training they need in the fundamentals of Electronics,
there are no such limitations. As “‘theory men,” they think
with their heads, not their hands. For trained technicians
like this, the future is bright. Thousands of men are ur-
gently needed in virtually every field of Electronics, from
two-way mobile radio to computer testing and trouble-
shooting. And with this demand, salarics have skyrocketed.
Many technicians carn $8,000, $10,000, $12,000 or more
a year.

Send for Complete Information—FREE

Many mecn who are advancing their Electronics carcer
started by reading our famous book, “How To Succeed
In Electronics.” It tells of the many clectronics careers
open to men with the proper training. And it tells which
courses of study best prepare you for the work you want.

If you're “shopping around” for the training you need
to move up in Electronics, this 44-page book may have
the answers you want. We'll send it to you FREE. With
it, we’ll also include our other helpful book, “How To Get
A Commercial FCC License.”

To get both FREE books, just fill out and mail the
bound-in postpaid card. If the card is missing, send the

coupon below.
e .

CI Cleveland Institute

of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

L 3

g
Accredited Member National Home Study Council « Aleaderin Electronics Training...Since 1934 :f
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r
! Cleveland Institute of Electronics |
| 1776 East 17th Street, Cleveland, Ohio 44114 |
l Please send me without cost or obligation: |
| 1. Your 44-page book ‘‘How To Succeed In Elec- |

tronics'’ describing the job opportunities in
| Electronics today, and how your courses can I
GOLLEGE_ | prepare me for them. ]
LEVEL | E, Your book on “How To Get A Commercial FCC |

icense."

: | am especially interested in: I
GOURSE IN i [ etectronics [ Electronic '
ELEGTRONIGS ' Technoiogy Communications |
[ Broadcast (3 industrial Electronics l

ENGINEERING | Engineering and Automation |

for men with prior ex- I O First-Class O Electronics :

perience in Electron- | FCC License Engineering

ics. Covers steady- I

state and transient I Name I

network theory, solid | (PLEASE PRINT) |

state physics and cir- | Address |
cuitry pulse tech- | |
niques, computer logic | City '
and mathematics | |

through calculus. A | State Zip Age I

college-level course I
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The ELECTRONIC
STROBOTUNER

By FRED MAYNARD

Motorola Semiconductor Products Inc.

Design information and operating procedures for an accurate digital music
instrument tuner that uses a number of inexpensive IC’s and transistors.

keeping the instrument properly tuned. Many owners
do not bother. but anv instrument which tends to drift
with time or seasonal changes needs periodic tuning.

The low-cost digital tuner described here can be used to
tune an instrument very accurately. It has the same inherent
accuracy as some of the best and more expensive mechanical
stroboscopic instrument tuners available. It is easy to use and
can actually pay for itself by reducing or eliminating the
periodic visits of an instrument service technician. In addi-
tion. it is easy to assemble.

The tuner is all electronic; it consists almost entirely of
integrated circuits which are easy to assemble into electronic
equipment and are less expensive than equivalent circuits
made up of discrete parts. The MC790P or HEP572, a dual
J-K flip-flop designed for binary counting functions. is one
type of 1C used in the tuner that results in worthwhile sav-
ings. This IC sells in small quantities for only two dollars,
whereus the parts for two equivalent binary counters using
discrete components would be at least three dollars or more.

The Musical Scale

An explanation of the relationship between the notes in
the equal-tempered musical scale used in organs and pianos
is necessary in order to understand the operution of the tuner.
The notes on a piano or organ are divided into eight or nine
octaves. The frequency of the first note in any octave (an A)
is twice the frequency of the A one octave lower, and half the
frequency of the A one octave higher. Each octave is divided
into twelve segments called semitones, by the notes labeled
A to G#. The semitones in the oclave ending in concert A
(440 Hz) are shown in Table 1. The ratio of one note to the
note below is a constant equal to '2\/2 (the twelfth root of

3 TEDIOUS chore for the owner of an organ or piano is

FREQUENCY NOTE
(Hz)
220 A
233 A#, Bb
246.9 B
261.6 c Table 1. The 12 semi-
277.2 C#, Db tones that comprise
293.7 D the octave ending in
311.1 D#, Eb concert A (440 Hz).
329.6 E
349.2 F
370 F#, Gb
392 G
415.3 G#, Ab
440 A
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2): if you multiply the frequency of one note by 12\/2 you
get the next higher note. This constant is an irrational num-
ber which cannot be expressed as the ratio of any two whole
numbers, but can be approximated to six places as 1.05946.
The ratio of the two numbers 196 and 185 is also equal to
this value to better than six places, and has proven a conven-
ient approximation.

This ratio is very useful because, given any properly tuned
note in the instrument. the next lower note has 185/196 the
frequency. The popular electro-mechanical stroboscopic
tuners use gears with 185 and 196 teeth to get this ratio,
while the electronic tuner accomplishes the same object in
a slightly different manner. The basic principle behind the
electronic tuner is that if anv frequency is divided by both
185 and 196, the resulting frequencies will be (almost) ex-
actly one semitone apart.

The tuner is designed for use in the octave shown in Tuble
1. If this octave is in proper tune in a divider-tvpe organ.
such as almost all popular makes are, all the other notes will
also be in tune.

Tuner Circuit and Operation

The schematic of the tuner is shown in Fig. 1. The oscil-
Iator (Q1 and associated components) has two modes; the
crystal-controlled and variable-tuning modes. When switch
S1 is in position A, the oscillator is crystal-controlled (this is
optional) and generates a frequency of 81.4 kHz, which is
divided by 185 in the divider that follows to give an accurate
cutput of 440 Hz. This tone is the standard A to which instru-
ments are tuned. The 81.4-kHz crystal is available for about
eight dollars from most crystal companies.

When switch S1 is in position B, variable tuning, the oscil-
lator can be tuned over a range sufficient to give complete
coverage of the octave from 220 to 440 Hz when divided by
185 or 196 (more than 40.7 kHz to 86.25 kHz).

When switch S1 is in position B. tuning potentiometers R7
(Coarse Tuning) and B8 (Fine Tuning) can be used to tune
the twin-T oscillator {(Q1 and associated components) from
above 81.4 kHz to below 40.7 kHz. In the tuning procedure,
described later, the fine tuning is quite critical. and unless the
potentiometers are installed in a metallic shielded box, the
exterior metal parts (shaft and case of the potentiometers)
should be grounded.

The buffer stages, Q2 and Q3, isolate the oscillator from
the divider that follows and also limit and shape the oscillator
signal output that is used to drive the divider. Note that the
oscillator and Q2 operate from +9 volts, and Q3 and the IC’s
from +3.5 volts. R13 and C9 provide this voltage dropping
and decoupling.

The divider. which consists of four dnal J-K flip-flops. a
gate, and a buffer can be switched to divide by 185 or by 196
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bv means of switch S2. The MC790P or HEP372 flip-flops
IC1 through IC4, are cascaded to form a single eight-counter
chain capable of accumulating up to 236 counts.

The gate, IC5, an MC724P or HEP370 quad two-input
gate, is connected as an eight-input nor gate and requires an
external load resistor (R12) when used for this function. Six
of the eight gate inputs are connected through switch S2 to

the Q and Q outputs of the IC flip-flops while the other two
inputs (7 and 12) are connected directly to IC1 and ICA4.
$2 is a six-pole, double-throw switch. When S2 is in position

(divide by 185), gate IC5 delivers a signal to the buffer
stage, IC6, after 185 counts are accumulated. IC6, in turn,
sends a pulse to all of the counters, which resets them to
zero. When switch S2 is in position 2, the same thing happens
after 196 counts. Thus, there is one output pulse for each
185 or 196 input pulses; this is equivalent to dividing the
input frequency by 185 or 196.

The output from the last counter (IC4) is a square wave

that is passed through a low-pass filter, made up of R21, C6,
R14, and C7, to the amplifier and speaker. The filter removes
some of the high frequencies in the square wave to produce
a more pleasant sound.

Any amplifier could be used with the tuner, but the simple
Darlington-type, consisting of Q4 and Q3, is as good as any.
The volume is controlled by potentiometer R16. The speaker
may have any impedance 8 ohms or over, preferably 40 to
45 ohms, and enables tuning by the zero-beat method to be
described later. The use of a meter, M1 in Fig. 1, is an op-
tional and additional visual method for tuning and is pre-
ferred by many people because of its greater accuracy. This
method requires an electrical signal to be inserted at the
“Organ Input” terminal at the base of Q4. This signal is ob-
tained from an organ by connecting the tuner ground and the
Organ Input terminals to the organ’s speaker terminals. The
difference signals (between the organ and tuner frequencies)
are rectified in diode D1 and read on the 1-mA meter, M1.

Fig. 1. Schematic and parts list of the electronic strobotuner that is discussed in the text. The IC's and switch S2 are used
to divide the signal received from the oscillator, via buffer stages Q2 and Q3, by 185 and 196. The difference signal,
obtained by mixing the organ input and divider output signals, is monitored for zero beat by either the speaker or meter.

+9vC i +35v] ¥
a mp 3N RIOF  MPSZo26 +|co
mpses2l 3 3 1 HEPSS I
HEPS5I —— L‘
= 4
MP52926 Al
n HEP55
1
11—
TUNING
POTS
RB
4
FINE
ORGAN RS
INPUT YWY e I
= 2
T RI7 RI9 R20 3
cto AT AN
RI4 4
= zr?5555 5
c6 c7 o SPKR. .
I I HEP200 DI [
7
2 MPSE519
RI6 3
' HEPS7 RI8 ‘E
+9v0—>
i —3 1012
R2! JJ S2 IN POSITION [ (DIVIDE BY 185)
R1, R3, R4, R5, R10—10,000 ohm, 14 W res. IC6—Dual 2-input buffer, non-inverting IC pack-
R2—-2.7 megohm, V4 W res. age (MC788P or HEP571)
R6—1200 ohm, V4, W res. R20—100 ohm, V> W res.

R7—5000 ohm pot

R8—100 ohm pot
R9—-510,000 ohm, !4 W res.
R11--2400 ohm. 14 W res,
R12—390 ohm. V5 W' res.
R13—33 ohm, 2 W res,

R14, R21—15.000 ohm, 1% W res.
R15—100,000 ohm. /2 W res.
R16—50,000 ohm pot

R17—1 megohm, V5 W res,
R18—300 ohm, Y2 W res.
R19—620 ohm, Y5 W res.

C2—820 pF capacitor

C8—1.0 4F capacitor

I1C5—Quad
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C1. C5—0.1 4F capacitor

C3, C4—470 pF capacitor
C6, C7—0.02 uF capacitor

C9—-100 4F, 6 V elec. capacitor

C10—5 4F. 6 V elec. capacitor

D1—Silicon rectifier (1N4001 or HEP154)

IC1, IC2. IC3, IC4—Dual J-K flip-flop IC
package (MC790P or HEP572)

2-input  gate

age (MC724P or HEP570)

"“nand/nor"’

M1-0-1 mA meter
S1—-D.p.d.t. switch
S2—6-pole, d.t. switch
Xtal.—81.4-kHz crystal
Spkr.—40-45 ohm speaker

Ql-Silicon ‘'n-p-n'’ transistor (MPS6521 or
HEP51)
2, Q3—Silicon “‘n-p-n"’ epitaxial, plastic-en-
capsulated transistor (MP82926 or HEPS5S)
Q4—Silicon “'p-n-p’" transistor (MPS6519 or
HEP57)

IC pack- Q5—Germanium "‘p-n-p’’ power transistor

{2N555 or HEP200)
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For other tvpes of instrument. a pickup can be used. The
zero-set screw on the meter cun be adjusted to place the
meter needle at approximately mid-scale. As the organ is
tuned close to the tuner frequency, the meter needle will
fluctuate back and forth. with the fluctuations becoming less
and less pronounced as the organ is tuned closer to the oscil-
lator frequency. Finallv. when the organ frequency equals
the oscillator frequency, the needle will remain motionless at
mid-scale.

Predetermined Count Function

Before describing how the tuner is used. a further explan-
wtion of the counter and nor gate function is in order. The
counter uses binary numbers rather than decimal numbers in
its operations and if vou are not familiar with this type of
mathematical notation, it would be worthwhile to consult a
reference for a simple explanation.

Using the predetermined count function, a frequency may
be divided by anyv whole positive number. The requirements
are that enough binary places be provided to produce the
largest hinary place number that can be subtracted from the
desired divisor. The binary place values are: 1, 2, 4. 8, 16, 32,
G4. 128, 256, etc.; an infinite series of the powers of 2.

The breakdown of a regular decimal number into its bi-
nary equivalent number is straightforward. The general rule
is to sublract the largest binary place value from the decimal
rumber and carry any diflerence to the next lesser place
value. Then, subtract where a subtraction can be made, the
next binary place value from the difference obtained from the
previous subtraction until a difference of 0 is obtained. At
¢very binary place value that a subtraction has been made,
put down a 1. where not. a 0.

For the binary conversion of decimal numbers 185 and
196, eight binary places are required. since 128, the eighth
place mumber. is the largest place number that can be sub-
tracted from 185 or 196. The conversion of number 185 to
Linarv notation is accomplished as follows:

27 2% 2 2t 2% 22 2' 2% Power of 2
Decimal number
Binary place number

Diflerence

—
—

1 1 0 0 1

Binarv notation

Thus, decimal number 185 is equal to binary 10111001,
To determine the actnal wiring connections to be made in a
counter, convert the binary number, arrived at by the method

described above. to its complement. by changing 1's to 07
and 0’s to 1’s. Consequently. the binarv complements of 183
and 196 would be represented as 01000110 and 00111011,
respectively.

Next, wherever a 1 appears in the complement, connect a
nor gate input to the Q output of that binary, and where
there is a 0, connect to the Q output of that binary.

Note that in the complements of 185 and 196 shown
above, the second and eighth places are the same in both

numbers: the Q output on the secoud counter and the Q on
the cighth are connected directly to nor gate outputs. Since
the other six places for the binary complements of 185 and
196 are different, the six-pole, double-throw switch, §2 in
Fig. 1, is provided to permit the proper connections to be
made to the nor gate inputs on IC5.

How to Use the Strobotuner

The use of the strobotuner can be explained most easily by
an exainple; in this case the tuning of a divider-tyvpe electronic
organ. By slightly modifving this procedure other instru-
ments, such as a piano or harp, can be tuned.

Begin tuning an instrument by establishing a standard
note in the middle octave range. Concert A with a frequency
of 440.0 Hz is usually the standard to which all other notes
are referenced. If the 81.4-kHz crystal has been incorporated
in the strobotuner, the 185 divider will provide a very accu-
rate concert A. If the crystal has not been included, another
source of a standard frequency, such as a pitch pipe, ac-
cordion, clarinet, or trumpet, may be used. A very good
source of concert A is an electrically driven tuning fork,
which can be purchased or made.

It should be noted that in an instrument like an organ.
which is generally a solo instrument, it is not particularly
important that the concert A have a frequency of exuctly
440 Hz. It can deviate by 5 Hz or even a little more and most
people will never notice. It is important, however, that the
instrument be in tune with itself.

The complete tuning procedure and a check on the tuning
to see how well the octave closes are given at the end of this
article.

Zero-Beat Tuning

When two tone sources of approximately the same fre-
quency, such as the tuner and organ described. are sounded
tegether. any difference in frequency will be heard as beats.
If the frequencies are too far apart, the beats will be rapid.
and may not be clearly discernible. As one frequency is ad-
justed and brought closer to the other, the beats occur more
and more slowly, until no beats are heard. This is called zero

Fig. 2. (Left) Front and (right) rear views of inexpensive electronic strobotuner built by the author to tune organs and pianos.

-
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heat. At this point the two frequencies are the same and, if
the adjustable frequency is varied further in the sume direc-
tion. the beats will again increase in frequency.

The trick in zero-beat tuning is to get as close as possible
to the null point. This is best done by swinging through the
point two or three times to determine the best midpoint.

Actually, an exact zero beat will likely never be reached.
There could be, for example, one beat every 10 seconds, or
even one beat per day. In practice, however, one beat every
two to ten seconds is considered acceptable tuning.

Divider-Organ Tuning Procedure
o (=)

1. Tune the organ’s A oscillator by using the strobotuner as
follows:

(a) For a strobotuner with a crystal, place S1 in position
A and S2 in position 1 to produce a concert A reference fre-
quency (440 11z). Then tune the organ’s A oscillator to this
reference frequency by the zero-beat method.

(h) For a strobotuner without a crystal, first calibrate for
concert A reference frequency by adjusting the “Coarse
Tuning” (R7) and “Fine Tuning” (R8) knobs (Fig. 2, left)
until a zero beat is obtained against an alternate source such
as an clectrically driven tuning fork. Now tune the organ’s A
oscillator to this reference frequency.

(¢) In many cases it is safe to assume that the organ’s A
oscillator is correct, and tune the other intervals to the exist-
ing A pitch. This may not place the instrument exactly on the
standard musical scale, but it will put it in good tune with
itself, which is more important.

2. After having established and tuned the organ’s A oscil-
lator, place S1 in position B and $2 in position 2. The strobo-
tuner will produce a G# tone. Tune the organ G# very cure-
fully to this frequency by the zero-beat method.

3. Place $2 in position 1 and re-adjust the strobotuner by
varving the “Coarse Tuning” and “Fine Tuning” knobs until
zero beat is obtained with the organ G#.

4. Place S2 in position 2. The strobotuner will produce u
(. tone, Tune organ G to strobotuner G by zero beating.

3. With switch $2 on the indicated position, repeat these
sequences:

(a) On 1, re-adjust tuner to organ G.

(h) On 2, adjust organ to tuner FF#.

¢) On 1, re-adjust tuner to organ F#.
(d) On 2, adjust organ to tuner F.
(e} On 1, re-adjust tuner to organ I,
f) On 2, adjust organ to tuner E.

() On 1, re-adjust tuner to organ E.

() On 2, adjust organ to tuner D#.

(i) On 1, re-adjust tuner to organ D#.

(i) On 2, adjust organ to tuner D.

(k) On 1, re-adjust tuner to organ .

(1) On 2, adjust organ to tuner C#.

(m) On 1, re-adjust tuner to organ C#.

(1) On 2, adjust organ to tuner C.

(0) On 1, re-adjust tuner to organ C.

(p) On 2, adjust organ to tuner 1.

(¢) On 1, re-adjust tuner to organ B.
(r) On 2, adjust organ to tuner Ag.

6. Steps 1 through 5 should place the divider organ in good
tune. Iowever, one final check should be made to test
whether the octave has closed. To do this, place S2 on 1 and
adjust the tuner to zero beat with the organ A# set in step
5 (r). Place $2 on 2. Depending on the accuracy of the pre-
vious tuning procedure, the strobotuner will produce an A
which is one octave below the A to which the organ was
tuned in step 1. If the procedure started with an accurate
concert A, the closing A will he 220 Hz. A test of the strobo-
tuner A against organ A will reveal the accuracy of the tun-
ing procedure. If there is less than one beat per second. the
tuning job can be considered a good one. More than this
indicates a frequency error has acenmulated. 1f this is the
case, repeat steps 1 through 6. A
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Introducing
the world's only $339
triggered scope.

Now the wave shape is
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displayed. Now you can
look at a waveform con-
taining high and low
frequency components.
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voltage directly and
instantly.

Before you say $339 is a
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buys: Leader’s LBO-501
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Computer Time Sharing

(Continued from page 44)

A businessman can use a time-sharing
terminal to keep track of inventory,
write payvroll checks, compute the tax
data for all his employes, and even
write form letters that look and read
like personal letters. Since a business-
man or engineer may occasionally have
to store confidential data in a memory
drum, the question often arises: “Can
anpy,one get into my files if they want
to?”

Security Levels

Time-sharing firms offer their custo-
mers three levels of security. The user’s
first line of security is his terminal sign-
on code. When the computer asks for
the user’s identification code, the user
must type in a certain sequence of
numbers and letters which are knowu
by only the computer and himself. As a
further security measure, the user can
place certain characters into the identi-
fication code that do not print out ou
the data sheets, thus making it impos-
sible for anyone to discover a complete
identification code by looking at a
sample of the teletypewriter output that
may “accidentally” become available to
him.

The second line of security is the
identification code the user attaches to
every program or data file he stores on
the memory drums; again, the user
makes up his own file codes, and he
can use characters that do not print out
on the data sheets.

A third security measure that some
time-sharing firms offer as a special
service is the data scrambler. With this
service, the user can tell the computer
to scramble all the data fed into a file.
The computer uses a random character
generator to scramble the user’s data;
then it stores the scrambled data in one
part of the memory system and the
character-decoding information in an-
other. The user attaches confidential file
codes to both the decoding program and
the scrambled data. Even 1f someone
should manage to find a user’s file code,
the computer would print out a lot of
nonsense that the best cryptographers
could not crack. To see the data printed
out in their original form, the user has
to type in the code that is used to call
up the proper unscrambling instruc-
tions.

With the new time-sharing concepts,
any small business, engineering con-
sultant, or professional office of any kind
can have access to a general-purpose
computer. As the state of communica-
tions technology improves, and the
complexity of everyday life becomes
greater, we can expect to see some form
of the commercial time-sharing idea
moving into the lives of us all. A
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1937—A New Detection Device
(Continued from page 49)

Certainly it was strange, we allagreed,
if true. But had that been the case? Prob-
abilitv: would surely predict that my
“slaved” light should have shown the
most pick-ups. In the excitement, no one
else had kept exact count. Hessel, how-
ever, was certain of his observalions.
Others. thinking back, began to eonfirm
Ilessel's poinl. Members of that partic-
ular searchlight crew were certainly to
be congratulated for their performance.

Several davs laler I met the corporal
who had been in charge of that par-
ticular light. “You bovs did real well the
other night. Congratulalions,” I said.

“Thanks, Doc.” he grinned, “but it
was easv. Remember that white cloud
during the night of the tests, the one
hanging over Red Bank, quite some
distance from where the bomber was
flving? Well, with the town lights shin-
ing on the cloud, it was possible for me,
with my own eves, to see the dim out-
line of the plane before vou turned on
vour light. There [ was, tracking the
guy with my binoculars, right smack on
the cross-hairs. Couldi’t help but make
a direct hit most of the time when you
gave the in-action go-ahead.”

“But. Corporal,” T broke in, crimson-
faced, “didn’t vou know——>"

“On the other hand,” the enthusiastic
hoy continued, “that new secret gadget
is all right. \Why, every lime you fellows
turned on the control light, it was pretty
close to the target—almost as good as
my eves.”

Combining suppressed tears, chagrin
and pride, I made a split-second deci-
sion. T shook the corporal’s hand and
said, “\Well done, soldier!”

Yes. I knew our equipment was good,
and that with more research it would
get much better—infinitelv hetler, even,
than the corporal’s eve. But I knew well
too that this was to be the period of a
feud between the men on the ground
and the men in the air; the men trained
with searchlights and sound locaters
mmstinctively following the code of that
era—illuminate that airplane as soon as
possible: take advantage of every break,
lest they get vou first! They were sol-
diers—not scientists—and whoever heard
of ethics in a foxhole?

That May night in 1937 was a turning
point in military history. Detection of
aircraft by reflected radio waves was
given its “go-ahead” signal. Our equip-
ment was ready and operating at Pearl
Harbor, albeit the system failed because
of Man's weakness—not the electronics.

From the efforts of our little group,
from a similar group in the U.S. Navy.
in England. and later in the Office of
Scientific Research and Development,
grew the greatest of all electronic mili-
tary weapons—radar, A
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Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differencesin 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
mailing label from the cover of the mag-
azine—or else copy your name agg 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.

FOREDOM MINIATURE POWER TOOLS

for the Professional Technician

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

SEND FOR i
COMPLETE N »t\{"“‘
MINIATURE g {

POWER TOOL

CATALOG 250.

/.. A DIVISION OF BLACKSTONE INDUSTRIES, INC

Bethel, Connecticut 06801

E ~ . ETHE FOREDOM ELECTRIC COMPANY
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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

<«

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.
CREI Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidanée. You're sure to
find a program that fits your career objectives.
ELECTRONICS WORLD
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You're eligible for a CREI Program if you work in elec-

book gives complete information.

for your copy. If card is detached, use coupon at right
orwrite: CREI, Dept. 1103A, 3224 16th St., N.W., Wash-

ington, D.C. 20010.

March, 1970
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tronics and have a high school education. Our FREE I ADDRESS
|
]
|
[
[
[
[
]
L

CRET

Accredited Member of the NaBonal Home Study Councrl

IN-DEPTH
COVERAGE OF
S0LID STATE
ELECTRONICS
..including

integrated circuits!

CREI, Home Study Division
McGraw-Hill Book Company
Dept.1103A,3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please mail me FREE book describing CREI Programs. |
am employed in electronics and have a high school education.

NAME. AGE

Mail postpaid card cITY STATE ZIP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK O G... BILL

| am interested in
O Electronic Engineering Technology O Computers
O Space Electronics O Nuclear Engineering Technology

O Industrial Automation © NEW! Electronics Systems
Engineering

APPROVED FOR TRAINING UNDER NEW G.I. BILL
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For Portable or
REMOTE AC POWER

DUAL PURPOSE INVERTER/CHARGER

DELIVERS | OUTPUT
THAT’'S FREQUENCY STABLE

Wherever you need dependable AC power for an extended period of
time, this ELECTRO inverter and a 12 volt battery will deliver up to
620VA (120 volts, 5 amps nominal). In any location remote from an
AC power source, you can make your own, when and where you need
it. In the field, at construction sites, mines, wells, camps, farms,
sports events, television, movies, sound truck—there are hundreds
of applications. As a standby emergency power source for hospitals,
communication lines, illumination, heating controls—the list can go
on and on.

The new TIC-620 inverter includes a built-in 25 amp charger. Thus
the same unit is used to recharge the battery. A three position switch
provides low, medium and high charge rates.

An automatic shut-off protects both inverter and battery from
damage when battery voltage decreases to 10.5 volts.

Positive reverse polarity protection is provided so no damage
will result if positive-negative terminals are reversed.

Voltage regulated 60 Hertz square wave output is frequency stable
to £0.5 Herlz!

A model TI-620, without the built-in charger, is also available at a
reduced cost. Other specifications are identical to the TIC-620.

Send for complete data and specifications.

INVERTERS

ELECTRO PRODUCTS LABORATORIES, INC.
61256 West Howard St.. Chicago. lll. 60648 - 312/647-8744
CIRCLE NO. 141 ON READER SERVICE CARD
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"SPACE-AGE TECHNOLOGY''. Published by Howard W. Sams
& Co., Inc., Indianapolis, Ind. Five volumes.

This five-volume set covers synchros and servos, controlled
guidance systems, inertial guidance systems, lasers and
masers, and microminiature electronics. Each volume has
been prepared by a specialist under the over-all supervision
of Training & Retraining, Inc. This is a programmed learning
course and while volumes are available separately ($4.95
each, except $5.95 for the microminiature electronics book),
the reader is strongly advised to obtain all five volumes.

The use of everyday analogies, two-color diagrams with
special features or salient points highlighted, and an easy,
informal presentation—all combine to get the subject matter
across clearly and concisely.

As with all programmed courses, this series can be handled
by students working on their own. Questions muffed are im-
mediately corrected by referring the student back to the
relevant material for additional study.

“SERVICING THE SOLID-STATE CHASSIS'’ by Homer L. David-
son. Published by Tab Books, Blue Ridge Summit, Pa. 17214.
252 pages. Price $7.95.

This book has been written by a practicing technician for
his fellow technicians and is a straightforward, no-nonsense
presentation. Well aware of the fact that most technicians are
busy men, the author wastes no time on theory, mathematics,
and other non-essentials but sticks to the how-to-do-it ap-
proach exclusively.

He has divided his material into twelve chapters which
start off by checking the transistor, servicing transistorized
TV receivers, pocket radio repair, a.c.-d.c. chassis trouble-
shooting, AM-FM radios, multi-band receivers, auto radios,
auto tape players, portable phonos, stereo amplifiers, por-
table tape recorders, and troubleshooting printed-circuit
boards.

There are many illustrations of various types and a gener-
ous sampling of case histories to help the technician out with
his own “tough dogs.”

* * 3%

“USING YOUR TAPE RECORDER” by Harold D. Weiler & Louis
M. Dezettel. Published by Allied Radio Corporation, 100 N.
Western Ave., Chicago, Il 60680. 112 pages. Price 75 cents
postpaid.

This revised and updated edition covers in detail the vari-
ous types of recorders now on the market, including the new
cassettes and automatic-reversing units.

Written in simple language and addressed to the non-pro-
fessional and hobbyist, the text is divided into eleven chap-
ters which deal with sound, the recorder, microphone record-
ing, dubbing from records, off-the-air recording, tape editing,
the tape, adding sound effects, adding sound to slides and
movies, recorder maintenance, and choosing a recorder. The
book is well illustrated and the writing is informal and lucid.

* * *
“SHORTWAVE VOICES OF THE WORLD"' by Richard E. Wood.
Published by Gilfer Associates, Inc., Park Ridge, N.]. 96
pages. Price $3.95.

This is a unique book in that the author explains the “hows
and whys” of the short-wave listening hobby and places less

ELECTRONICS WORLD
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emphasis on schedules and operational details than do many
handbooks of this type. In transmitting his enthusiasm for his
hobby—which he terms a “window on the world”—the author
has provided a guide to this new, fast-changing medium. He
explains the significance of international broadcasting, how
the frequency bands are allocated, the various broadcasting
services, languages used and station identifications, program-
ming, jamming, reception reports and QSL’s, propagation,
and when to tune in.

The author has written about his hobby with love. enthusi-

asm, and deep understanding. The text is lavishly iHustrated
with photographs of station equipment and the personnel
who conduct the programs enjoved by SWL's around the
world.
““MOTOROLA COLOR TV SERVICE MANUAL" by Forest H. Belt.
Published by Tal Books, Blue Ridge Summit. Pa. 17214.
160 pages plus schematic section. Price $7.95 flexible cover,
$4.95 paperbound.

This volume covers all Motorola color chassis TS-807
through TS-924 and is designed to speed TV troubleshooting
and improve service. The first five chapters deal with setup.
alignment, troubleshooting, remote-control systems. ete. as
they apply to all models in the line while the next eight chap-
ters deal with specific chassis and servicing procedures. The
author has also incorporated factory modifications and service
hints to make this volume as self-contained as possible.

Fold-out schematics are provided on the TS-907B. TS-908.

TS-912, TS-914, TS-915/919, TS-918, TS-921, and TS-924 |

chassis. Each of the schematics is cross-referenced to the
appropriate chapter where that model is discussed.

A thorough study of the five basic chapters and then refer-
ence to the discussions in specific chapters as the set appears
on the service bench should provide the technician with suffi-
cient knowledge to handle Motorola color-TV repairs with
neatness and dispatch.

“MOST-OFTEN-NEEDED . . .” compiled by M. N. Beitman &
Hartford Beitman. Published by Supreme Publications, High-
land Park, I Price $4.00 each. Soft cover.

Here are two new volumes in this publisher’s “NMost-Often-
Needed” series of servicing information. Volmne C-69 covers
1969 color-TV sets while Volume R-27 provides diagrams
and servicing information on radio receivers for the years
1967 through 1969,

Both volumes are in the familiar format with photographs,
PC board layouts, underchassis views with parts called out,
parts lists, service hints, and schematics.

“INTRODUCTION TO SOLID-STATE TELEVISION SYSTEMS'' by
Gerald L. Hansen. Published by Prentice-Hall, Inc., Engle-
wood Cliffs, N. ]. 07632. 436 pages. Price $15.00.

This book should find a wide audience among educators;
medical personnel; utility engineers; owners and operators of
stores, banks, warehouses; police and fire department heads.
oceanographers—in fact anyone whose job can be made
easier and more thorough by the use of TV systems.

The text is divided into six well-illustrated chapters cover-
ing applications for such equipment, basic systems, optical
principles, camera tubes, scanning systems. video amplifica-
tion and processing, monochrome sync generators, mono-
chrome TV monitors, operational procedures for black-and-
white systems, principles of color TV, the color camera and
associated circuits, sync lock circuitry and subcarrier genera-
tors, color encoders and associated equipment, color receivers
and monitors. video switching syvstems, and basic principles
of video tape recording.

The treatment is non-mathematical and the exposition is
lucid yet informal. A

Editor's Note: The price of the paperbound edition of the
hook, “Zenith Color TV Service Manual” by Robert L. Good-
man, was incorrectly listed in our January reviews. The cor-
rect price is $4.95.
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The Motorola
Home Study
Course on Servicing

2Way Radio.

If you'd like to get into a top-paying prestige job,
maybe FM 2-way radio is for you. Each year, more
andmore businessesare buying2-way. Thatmeans
service. And service means money. We can train
you to getin on the action. Our special home study

radio servicing, and prepare you foran FCClicense.

[0 Send me FREE Evaluation Examination.

(0 Send details on Home Study Course on FM 2-way
radio servicing.

[0 Send details on how you can prepare me for an
FCC license.

Name._ QOccupation —
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___ State Zip
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COMPONENTS =

SOLID-STATE SCOPE
The LBO-32B is a wide-band, solid-state oscil-
loscope with a bandwidth of d.c. to 7 MHz,
making it suitable for every phase of color-TV
scrvicing. The 3-inch scope has special input cir-

g
20

cuitry which stabilizes the d.c. level so that power-
line Huctuations have no cffect on the position of
the CRT display. This is said to enhance the in-
strument’s input sensitivity of 10 mV ‘cm. The
horizontal and vertical amplifiers are easily bal-
anced so the instrument adapts itself to use as a
vectorscope. The sweep circuit has a frequency
range of 1 to 200,000 Hz in six steps and auto-
matically locks to the horizontal sweep rate of
the TV signal.

The unit measures 9” high x 6%” wide x
104" deep and weighs 17.6 pounds. Leader

Circle No. 6 on Reader Service Card

DIGITAL CASSETTE

A precision digital cassette designed specifically
for cassctte tape drives used as computer periph-
eral devices has been introduced as the Series
PC-800.

The cassette utilizes a new design to provide
the greatest reliability and best tape skew and
tape pack characteristics, according to the com-
pany. The PC-800 cmploys a precision metal
plate, steel-bearing-mounted hAxed hubs, and 2a
four-point tape path system. Additional design
features include self-aligning precision rollers,
new pressure pads, and a new hub construction
principle. The cassette uses the Series 870 CATT
computer tape. Ampex

Circle No. 7 on Reader Service Card

AM/STEREO-FM RECEIVER

The Model 3800 AM ‘sterco-FM recciver featurcs
a “human-engineered™ exterior which includes an
upward-angled panel and dial and computer-
style kéyboard. The tuning knob is weighted and
balanced for better “feel” and faster tuning across
the dial. The pedestal-based walnut cabinet is
integral to the total design and is included.

TOOLS = TEST EQUIPMENT = HiFi = AUDIO =

Indicator lights on the front pancl signal recep-
tion of stereo broadcasts and also tell when the
receiver is tuned for best reception.

Total power is 210 watts =1 dB at 4 ohms;
85 watts ‘channcl at 4 ohms (IHF), and 33 W/
channel continuous power at 4 ohms and 43
W /channel at 8 ohms, Frequency response is
15-30,000 Hz =1 dB. Usable scnsitivity is 1.9
1V and stereo separation is 40 dB. H.H. Scott

Circle No. 8 on Reader Service Card

BASE/MOBILE TRANSCEIVER

A new solid-state, full 3-watt, 23-channel CB
basc/mobile transceiver has been introduced as
the Model SFT-800. Housed in a bright chrome
case which measures only 3%4” wide x 6%4" deep
x 178" high, the transceiver can be used in any
car and may be installed in the glove compart-
ment if desired.

An incoming signal indicator automatically
lights up when receiving an S-6 signal or better
so the driver can kcep his eyes on the road.
Ceramic Alters are employed to assure best selec-
tivity, An optional accessory, the Model PAC-2
“Priv-A-Call,” screens out all noise except for
the calls to the station. Left in standby, the unit
is completely quict.

The transceiver comes equipped with crystals
for all 23 channels. Fanon

Circle No. 9 on Reader Service Card

TV CAMERA TUBES
An expanded line of Plumbicon TV camera
tubes is now available. The line includes new
pickup tubes for miniature TV cameras, retrofits

for existing vidicon cameras, and many other new
types for specialized functions, including image-
intensification, medical, industrial, and education-
al CCTV applications.
Complete dctails on this new line will be for-
warded on request. Amperex
Circle No. 10 on Reader Service Card

COMPACT SOUND SYSTEM

The C-3600 compact sound system features
decor-designed  housing, a bi-amplificd sterco
system with broadcast-quality transcription record
player, sterco tuner, and a pair of external match-
ing infinite-bafHe speakers.

The AM-FM tuner uses FET circuitry and is
equipped with bass and treble tone controls, a
loudness contour switch, tape monitor/receiver
terminals, and a stereo headset jack. All controls
are front-panel mounted beneath the large illumi-
nated dial for easy access.

The turntable is operated by a hysteresis svn-
chronous motor for two-speed operation: 33%5
and 45 r/min. The tonearm is a static halanced

== \WWW americanradiohistorv com

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-
Jacturer on business letterhead.

CB = COMMUNICATIONS,

o

tubular type with an arm elevation device. Stylus
pressure is 2.5 to 3 grams. A hinged dust cover
protects the record player when not in use.
Pioneer

Circle No. 11 on Reader Service Card

40-AMP SCR’s
An economy line of 40-ampere SCR’s offering
medium-current-rated units for high-voltage ap-
plications of 700 to 1200 volts, is now available.
The 40RCS series is offered in two versions:

cpoxy package—up to and including 600-volt
rated devices, and glass-to-metal sealed devices
rated from 700 through 1200 volts.

The new units are suitable for applications in
battery chargers, d.c. motor controls, power sup-
plies, heater controls, and airborne and mobile
converters, International Rectifier

Circle No. 12 on Reader Service Card

U.H.F. AMPLIFIERS

Two new solid-state, broadband and single-
channel, w.h.f. amplificrs for MATV system ap-
plications are now available as the M-174 and
M-175.

Both units are designed to serve a MATV sys-
tem that can accommodate up to 200 TV scts in
a building. The M-174 single-channel amplifier
offers a 30 =3 dB gain with a l-volt output on
a single u.h.f. channel, while the M-175 broad-
band unit provides the same gain with a I-volt
composite output on all u.h.f. channels. Both
amplifiers have a 75-ohm single output. Finney

Circle No. 13 on Reader Service Card

DIGITAL PANEL METER

An all-solid-state digital pancl meter has just
been introduced as the Model 275. The new unit
is a full four-digit meter with an accuracy of
0.05% and 100 #V resolution, It is housed in a
self-contained package which uses only 244" x
414" panel space.

Input impedance is 100 megohms and the
meter features drift canceling, ramp voltage
comparator, and crystal-controlled digitizing os-
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cillator. Standard features include front-pancl
crror indication and 1-2-4-8§ BCD output as an
option. The meter displays a full-scale reading of
999.9 millivolts d.c. United Systems

Circle No. 14 on Reader Service Card

8-TRACK /CASSETTE STEREOS

A new line of 8-track and cassette stereo units
is now being offercd as the Gemini series.

Currently available models include an 8-track
stereo player, an 8-track stereo player with AM/
FM radio. an 8-track stereo player with AM
FM multiplex, a cassette stereo recorder/ player
with AM FM, a cassctte stereo recorder/player
with AM/FM multiplex, and an 8-track stereo
player combined with a cassette recorder player.

Specifications on the line are included in a
compact brochure which is available on request.
Soundtech

Circle No. 15 on Reader Service Card

23-CHANNEL TRANSCEIVER
The “Imperial 11" CB transceiver is designed
to transmit and receive all CB signals. The trans-
mitter section operates on double sideband with
suppressed carrier for greater talk power. This

mode can be used when in contact with similarly
cquipped units, however, a switch of the control

knob changes the transmitter to conventional AM
operation by producing a double sideband signal
with reduced carrier.

The receiver section incorporates a 7:1 vernier
controlled v.f.o. control for casy adjustment of
sideband reception. The dual-conversion super-
liet design is complemented with a switch-con-
trolled noise blanker circuit. An r.f. gain control
adjusts sensitivity for maximum performance.

The unit comes with two power cords. a buiit-
in 37 speaker, and a four-function “S™ meter.
The unit operates on 117 V a.c. or 12 V d.c. for
either base or mobile applications. Regency

Circle No. 16 on Reader Service Card

CORDLESS HEADSET FOR TV

Of interest to all those who enjoy watching the
Late Show is the new cordless headsetr, Model
100, that permits the speaker in the TV receiver
to be muted yet channels the sound to the wearer
and allows complete mobility. Headset frequency
response extends to 20,000 Hz. Sharpe

Circle No. 17 on Reader Service Card

NEW CONNECTOR LINE
Sylvania Electric Products Inc., a new entry in
the commercial connector field, has introduced a

March, 1970

series of PC board connectors that offers manu-
facturers 312 different configurations from avail-
able tooling, with the same reliability as custom
parts, according to the company.

The P10 connectors meet MIL-Specs and
are designed to accommodate automatic wire-
wrapping machines. For full details on this line,
write Parts Div., 12 Second Ave., Warren, Pa.
16365 on your business letterhead.

BASE & DUST COVER

A new base for the Dual 1219 automatic turn-
table features a unique fitted panel which is de-
signed to held all of the spindles made for the
1219, plus two mounted cartridges. The base is
1414” x 177, no larger than a conventional base.

The matching dust cover for the WB-19X also
has an unusual feature. Its front pancl and the
front section of the top are hinged so they can be
raised and folded back. This provides access to all
the operating controls of the turntable without
having to remove the cover and its dust protec-
tion. The entire cover can also be raised and left
in a tilted position, or removed entirely when de-
sircd, Made of heavy, smoke-tinted Plexiglass,
the cover is listed as the DC-9X. United Audio

Circle No. 18 on Reader Service Card

RESISTANCE STANDARD

General Radio Company, 300 Baker Avenuc,
West Concord, Mass. 01781 has announced the
availability of a new high-reliability, low-tein-
perature-coefficient reference resistance standard,
the Type 1444.

Since these 10k-ohm standards are practically
unatfected by atmospheric pressure or mechanical
and thermal shock. they can be used as portable
standards for intercomparison as well as in stan-
dard laboratories. The resistor used as a standard
consists of two special Sk-ohm resistors hermetic-
ally scaled in a stainless-steel container which is
shock-mounted in an outer container and then
placed in a foam-rubber-lined carrying casc.

Two versions of the standard are currently
available. The company will supply full details
on written request.

BULK CASSETTE ERASER
The new Voice-Master MX-500 “Erase-O-
Matic” is designed to erase Memocord; Phillips

Type C30, C60; Norelco 85; Mini-Memo, and
other magnetic tape cassettes instantly.

Requiring no electric current, the device may
be used anywhere and is suitable for clearing re-
cordings for security reasons or prior to re-usc of
cassettes. The unit measures 333" x 47 x 27,
Audio Applications

Circle No. 19 on Reader Service Card

BOOKSHELF SPEAKER SYSTEM

The new “Imperial I1I” is a three-way book-
shelf speaker system featuring a 12-inch acoustic-
suspension woofer plus separate dome-type, mid-
range and high-frequency speakers.

Available in walnut, the system is finished in
hand-rubbed French lacquer. Marantz

Circle No. 20 on Reader Service Card

STATIC LOCATOR

The “Staticmaster™ is a hand-held instrument
wliich measures static and locates the source. The
unit measures 3" wide x 7” high x 212" deep and
weighs 2 peunds. A 36" telescoping antenna
permits getting into inaccessible locations.

Operation is simple. A push-button on the left
side is held down while the needle on the right

www americanradiohietorv com

—

ETCIN
AT ¥o gl
3

T angMane 7
Favos

side is bronght to zero position by a knob adjust-
ment. Then static may be read cither plus or
minus up to 100,000 volts, The circuit is solid-
state and operates from penlight cells. Kaymaster
Circle No. 21 on Reader Service Card

MASTER PROTECTION SYSTEM

The Model C-7360 master protection system
for home or office is battery powered and fail-safe
in operation. This user-installed system has a full
line of sensors to protect against fire, food, power
failure, smoke, and intrusion. A solid-state circuit
accepts all sensors in a single plug-in system.
Activation of any sensor in the system scts off a
horn with a noise level of about 95 dB. Only a
turn-off key at the key-lock switch de-activates
the alarm. The master unit measures 5%4" x 77
x 215" and requires two “D” cells. James Elec-
tronics

Circle No. 22 on Reader Service Card

QUICK CURE ADHESIVE

Emerson & Cuming, Inc.. Canton, Mass. 02021
has introduced Eccobond Kwik, a one-part ad-
hesive which offers new convenignee in applica-
tion because of its rapid cure (10 to 45 scconds).
One or more drops are applied directly to one of
the surfaces to be bonded. the surfaces are mated,
aligned, and held for a few seconds. Clamps are
not required.

The adhesive works with almost any con-
bination of materials except polyethylene, poly-
tetrafluorcocthylene, and porous materials such as
paper and wood.

Full details on Eccobond Kwik will be sup-
plicd upon lctterhead request.

IC REGULATED POWER SUPPLIES
The “Com-Pak Mark II” LC scries of inte-
grated-circuit power supplies is now available in
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No matter what shape your
room is in, Scott’s new Quad-
rant Q-100 speakers solve your
placement problems. Scott
Quadrants, with two woofers
and four midrange / tweeters
placed around the enclosure’s
four sides, project full-fre-
quency sound in a complete
circle. The sound'is both pro-
jected directly at you and re-
flected off your walls, to

five package sizes. The series—the first d.c. power
components to use an IC to provide the regula-
tion system—is now available in both single- and
dnal-output models to 150 V d.c. and current
ratings to 4.5 amps. Twenty-nine single-output
models and seventeen dual-output models are
offered.

The power package can be as small as 374."
x 32" x 121447, The LC scries is all-silicon and
convection cooled, with no cxternal heat sinks.
Regulatum is O(H /o +1 mV. Ripple and noise
is 250 4V rmus; 1 mV peak-to-peak. The serics
is multi-current-rated for 40, 50, 60, and 71 de-
grees C. Input voltage and frequency range is
105-132 volts a.c., 57-63 Hz on this new serics.
Lambda

Circle No. 23 on Reader Service Card

PROFESSIONAL TAPE DECK
The Model 5050XD sterco tape deck will ac-
cept up to 10Y2-inch reels and offers a full com-
plement of professional features. Included are
automatic reverse capabilities which provide 24
| hours of broadcast-quality sound in two direc-

tions; four scparate heads for crase, playback,
record, and bias: 3-spced capstan for selection of
7Y2, 3%, and 1% in/s via a three-speed clec-
trically switched motor; 3 motors including a
3-speed hysteresis synchronous plus two six-pole
eddy-current reel motors for smooth tape takeup,

heighten the live stereo effect. No matter
where you place the Quadrant speakers, your
entire listening area becomes a giant stereo
sound chamber. Go anywhere in the room . . .
even sit on a speaker . . . you're surrounded
by rich, full-range stereo sound!
Unbelievable? Hear the Quadrant’s wall-
to-wall stereo, at your Scott dealer’s. You'll
become a believer. $149.95.
For more details, write:

HSCOTT

H.H. Scott, Inc., Dept. 160-01, Maynard, Mass. 01754
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uniform tape tension, long bearing life, faster
rewind and fast-forward, and smooth braking.
Complete specifications on this deck are avail-
able on request. Roberts
Circle No. 24 on Reader Service Card

SOLID-STATE CB UNIT
The “Traveller 11” is a solid-state 23-chan-
nel CB radio which measures only 534” wide x
64" deep x 174" high and weighs 3.5 pounds.

This new mobile model includes automatic if.
noise blanker to reduce ignition noise; full talk
power; instant operation; an exclusive “Safety-
Circuit” which guards against antenna mismatch,
incorrect polarity, and overload; and an illumi-
nated “S™ meter.

The d.c. power consumption is 200 mA on
standby and | A on transmit. Courier Communi-
cations

Circle No. 25 on Reader Service Card

MANUFACTURERS' LITERATURE

POWER COMPONENTS /SYSTEMS

Lambda Elcctronic Corp., 515 Broad Hollow
Road, Melville, New York 11746 has issued a
70-page catalogue covering its line of power
instruments, power components, and power
systems.

Included in the power components are IC
regulated modular d.c. power supplics (both in-
dustrial and military  models), modular d.c.
power supplies, and a.c. power conditioners.
LC/LM power-supply asscmbly systems and
power instruments are covered in scparate scc-
tions of the catalogue.

Write on vour business letterhead if you
would like a copy of this comprchensive listing.

RFI FILTERS

Components Corporation, 2857 N. Halsted
Street, Chicago. 11, 60657 is offering copies of
its new catalogue describing an expanded line of
miniature RFI filters covering 50, 100, 150, and
400-volt d.c. types and 115-volt a.c. units.

The catalogue provides complete electrical and
mechanical data for casy specifying. It also pro-
vides data and charts on minimum attenuation
characteristics at various frequencies as well as
detailed data and chart on the effect of capaci-
tance over a wide temperature range.

A reguest on your business letterhead should
be sent to the company at the above address.

POWER SEMICONDUCTORS

The Pirgo line of power transistors and triacs
is described in detail in a new 28-page short-
form catalogue (IND-875).

The publication includes an index by type
number, a silicon transistor selection guide, lists
of silicon power transistors, an interchangeability
chart, triac specifications, and information on
packages and physical dimensions. The material
is presented in tabular form for quick reference.
Sprague Products

Circle No. 26 on Reader Service Card

MODULE LITERATURE

A new catalogue which lists currently avail-
able clectronic constructor modules in the Sinclair
linc has bcen issued. There are over a dozen
modules and combinations of modules in the line
and each is described in some detail. The line
presently offers two complete amplifier systems
plus two types of speakers as well as an inte-
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grated-circuit amplifier/preamp for varied ap-
plications. Audionics
Circle No. 27 on Reader Service Card

RECORDING BIBLIOGRAPHY

A new bibliography of reference works on
magnetic recording has been prepared as a service
to those interested in developing a technical Ii-
brary on magnetic recording.

Over 40 books and publications are listed,
covering such topics as recording theory and
practice, circuitry for magnetic recording, video
recording, servicing and repair of recorders, and
magnetic recording standards.

Copies of Form No. 7288C are available on
request. Nortronics

Circle No. 28 on Reader Service Card

TURNTABLE GUIDE

Two colorful booklets describing the automatic
turntables in Garrard’s two separate 1970 lines
have been issued.

The “Component Series,” comprising 8 turn-
tables, is described in a 24-page booklet of color
photos of all units and precise descriptions of all
the features of the turntables. A separate 12-page
booklet covers the new “Module Series,” with
four automatic turntables which are ready to
plug into other components and play. British
Industries

Circle No. 29 on Reader Service Card
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MICROPHONE PRODUCTS

A comprehensive catalogue describing the com-
pany’s line of microphones, mike mixers, and re-
lated products for p.a. and tape-recording appli-
cations is now available for distribution.

Included in the catalogue are illustrations and
technical specifications, along with an extensive
guide to microphone types and microphone selec-
tions. Copies of Catalogue No. AL314 are avail-
able without charge. Shure

Circle No. 30 on Reader Service Card

SPEAKER SYSTEMS & KITS

A 10-page brochure featuring a line of speaker
systems and “instant kits” is now available.
Printed in two colors, the illustrated “Sound of
Excellence™ brochure describes an entire line of
speaker systems in both assembled and kit ver-
sions. LWE Div.

Circle No. 31 on Reader Service Card

SPEAKERS /SPEAKER SYSTEMS

Two colorful data sheets, one covering hi-fi
speaker systems and electronics and the other pro-
viding information on component speakers, have
been issued as Forms 1262 and 1263, respectively.

The material is presented in concise, easy-to-
use form to enable the buyer to decide in advance
which models might meet his specific require-
ments. Electro-Voice

Circde No. 32 on Reader Service Card

NEON LAMP APPLICATIONS

A new 12-page technical brochure which de-
scribes application ideas for neon glow lamps as
circuit components and voltage regulators is now
available from Signalite Inc., 1933 Heck Avenue,
Neptune, N.J. 07753.

The brochure lists some 22 circuit applications
for neon lamps in vidicons. photomultiplicrs,
power supplies, remote controls, memories,
timers, proportional controls, moving signs, sup-
pressors, photochoppers, binary decoding, fre-
quency dividers, flash-tube triggering, and en-
ergy-transfer applications.

When writing for your copy, please specify
“Applications Ideas.”

SMALL COMPUTER HANDBOOK

The 404-page Small Computer Handbook is
designed to acquaint readers with Digital Equip-
ment Corporation’s PDP-8 family of small com-
puters. The handbook explains both the PDP-
8/1 and PDP-8 L central processors and how
they are interfaced and operated.

The 13 chapters cover standard system opera-
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tion, basic programming and instructions for the
memory and processor, data break, internal op-
erations, input and output equipment instruc-
tions and facilities, programmed data transfers
and data break transfers, digital logic circuits,
interfacing, and system installation and planning.

Write Department P of the company at 146
Main Street, Maynard, Mass. 01756 on your busi-
ness letterhead for a copy.

ELECTRONIC INSTRUMENTS

Honeywell Test Instrument Division, P.O. Box
5227, Denver, Colorado 80217 has just published
a condensed catalogue describing its line of elec-
tronic test and measuring instruments.

The 24-page publication covers the complete
line of products made by the division as well as
instruments distributed under exclusive agree-
ments with other firms.

Products and systems described include oscillo-
graphs, X-Y and magnetic tape recorders, signal-
conditioning equipment, digital multimeters,
transducers, biomedical monitoring and record-
ing instrumentation, and RFI/EMI1 surveillance
and analysis equipment.

Your letters requesting a copy of this catalogue
should he addressed to the attention of Kirt
Salisbury, the advertising and sales promotion
manager. at the above address.

CONNECTOR CATALOGUE
A 48-page catalogue listing a full line of con-
nectors has been published by Dale Electronics,
Inc. Included are 18 different connector types
within the following categories: printed circuit,
rack and panel, side mount, umbilical, and round
keyed shell.
Complete dimensional information and order-
ing details are provided on all models.
Copies may be obtained from the Connector
Division of the company, Department 860, P.O.
Box 609, Columbus, Nebraska 68601.

SCR CATALOGUE

National Electronics, Inc., Geneva, Illinois
60134 has issued a 16-page catalogue covering its
line of SCR’s. Included in the puhlication is a
selection guide and technical data in tabular form
on all of the company’s products.

Copies of this valuable guide are available on
Ietterhead request.

COMPREHENSIVE CATALOGUE

The new, 112-page, 1970 catalogue, # 702,
which features the latest in hi-fi components,
systems, and CB equipment is now ready for
distrihution.

Inciuded in this comprehensive listing are
portable radios, audio lights, TV sets, stereo
tape recorders, test meters, cassette and cartridge
recorders, hi-fi speaker systems, auto accessorics,
TV antennas, musical instrument amplifiers,
and an extensive line of ham gear.

A copy of this new publication is yours for the
asking. Lafayette

Circle No. 33 on Reader Service Card

BOOK LIST

A Winter 1970 catalogue describing over 125
current and forthcoming books is now available.
The new 16-page, illustrated catalogue covers
schematic /se1vicing manuals; broadcasting; basic
technology; CATV; electric motors; electronic
enginecring; reference works; TV, radio, and
electronics servicing; audio and hi-fi; hobby and
experiment; test instruments; and transistors.

Copies of this handy reference list will be for-
warded promptly. Tab Books

Circle No. 34 on Reader Service Card

PHOTO CREDITS

Credit
.. Elpa Marketing
.. Empire Scientific

25, 28 ........ National Semiconductor Corp.
30 f(top) ... Philco-Ford
30 fcenter) .......cooviiiiiiiiiiiiiiie, Siemens
30 (bottom) ........ccviviniiinnien, Ampex Corp.
31 f{top) .. Raytheon Co.
31 fcenter) ........eiiiiininll Westinghouse
31 (bottom left) .............. Synergistics, Inc.
31 (bottom right)

36 (top center) ...... U.S. Information Service
36, 37 e Official Expo ‘70 Photos
42 e Com-Share, Inc.
48, 49 ..o U.S. Army Signal Corps
68 s Weston Instrument
69 (top) ... .. Hewlett-Packard
69 (bottom) .........ccoeeiiiiiiiiiiiiinnn, Sencore

1. (d)
ins are dry.

2. (d)

3. (¢)

were designed to operate.

and reflectors in line.

of a TV receiver.

system).

Answers to C.E.T. Test, Section #1

Published in Last Month’s Issue:
RG-59U coax will have more loss on channel 13 when the lead-

Standing waves are signals reflected back into the transmission
line, caused by impedance mismatch.

0 dBm means 1000 microvolts of signal. This was the original
standard amount of minimum signal from which TV receivers

4. (b) A simple dipole has 2 elements separated by an insulator and,
therefore, infinite resistance. It also has an impedance of 72
ohms at resonance. A folded dipole has practically O ohms d. c.
resistance; impedance is 300 ohms at resonance.

5. (a) A yagi antenna is more highly directional, with several directors

6. (B) A 2-way splitter normally has 3.5 to 4.0 dB loss on channel 13.

7. (d) The only correct answer is to use a matching transformer to
match the 72-ohm antenna to the 300-chm line. The lin€ is al-
ready matched to the 300-ohm receiver.

8. (d) Answers a, b, or ¢ might well be used for specific interference
problems, but a 4.5-MHz trap is used in the video-amp section

9. (a) A shorted auto antenna may still supply signal to the receiver
but it has no effect on the radio power supply or fuse and would
not harm the antenna input coil.

10. (d) Vertical polar pattern normally would not be important, unless
the TV transmitter were located atop a nearby high mountain or
on an airplane (as in the experimental educational broadcast

www americanradiohietorv com
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from electronics technician to

ELECTRONICS ENGINEER!

It’s great to be a technician, but even
greater to be an engineer. In becoming
an engineer, you upgrade to professional
status and higher pay. Employment op-
portunities for electronics engineers are
almost unlimited.

In a recent survey, the Engineering
Manpower Commission found that en-
gineering employment in the electrical
and electronic industries is expected to
increase by 40% in the next ten years.
The need for engineers is increasing fast-
er than the population as a whole, and
the percentage of college students who
are going into engineering is decreasing.
The survey indicates that in the next
decade, employers expect to need twice
as many new engineering graduates as

are likely to be available.

The accredited Grantham home-study
program in electronics engineering con-
sists of five “correspondence semesters”
(a total of 370 lessons) followed by a
two-week seminar at the School. This
program leads to the Degree of Associ-
ate in Science in Electronics Engineer-
ing.

Students who earn the ASEE Degree
may then continue in resident classes in
Hollywood to earn the BSEE Degree.

Grantham School of Engineering is
accredited by the Accrediting Commis-
sion of the National Home Study Coun-
cil, is approved under the G.I. Bill, and
is authorized under the laws of the State
of California to grant academic degrees.

OVIED g
<® S,

(D
GRANTHAM SCHOOL OF ENGINEERING P s
1505 N. Western Ave., Hollywood, Calif. 90027 3 [i==2Jf
Telephone: (213) 469-7878 E —.¢

7, <
Hop g 519°

1
! EW-3-70 !
" I Grantham School of Engineering ~ i
To the best of our knowledge, 1 1505 N. Western Ave., Hollywood, Calif. 90027 i
GRANTHAM School of Engineering is i N - T e e |
. . ease mail me your iree Bu etin, which explains how
the O_Illy SChOO,I in the United .States the Grantham educational program can prepare me for l[
that is authorized and accredited to i my Associate in Science Degree in Electronics Engineer -
grant a degree in an engineering field, | ing. 1
gntil-ely on the basis of home-study 1 Name__ Age |
instruction except for the final two "
weeks. However, this accredited degree Address !
program is available only to experi- i !
enced technicians who already know 1 City State Zip 1
the “hardware” side of electronics. | |
1 have been an electronics technician for! years.
i
I_ anvny S omm—y U RS Y Sy = —-— G D SNy oW b waen G /
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Telex writes

new specs
on sensitivity

and ruggedness
in headphones. |

the Communicator Series

HIGH SENSITIVITY AND LOW OPERATING
POWER. The new Communicator Series of
headphones is designed around a dramatic
new driver unit that requires only absolute
minimal operating power. This added effi-
ciency allows for a substantial increase in
sensitivity without any increase in distortion,
making the Communicator Series the most
sensitive and versatile headphones available
today.

RUGGED. CONSISTENT PERFORMANCE. Un-
like the soft aluminum or paper cones in
most of today’s headphones, the Communi-
cator’s rugged new cone is made of special
material that will provide peak performance
without being affected by temperature or
humidity. This means that you get consistent,
high quality performance, day in and day out,
under the most demanding commumcatnons
conditions.

For more information on Telex’s new Com-
municator headphones, contact your near-

est Telex dealer or write.
7/*-:-

PRADDOUCTS DF SOUND n!seAu:u

TELEX.

CBMMUNICA'IONS OivisiON

9600 Aldrich Avenue South
Minneapolis, Minnesota 55420

»

&

CIRCLE NO. 118 ON READER SERVICE CARD

, b

Color TV for 1970

Continued from page 52

more. That loads down the winding and reduces the pulse to
normal amplitude.

The Olympic CT-400 nses a 6BO3 heam pentode as o
pulse-load regulitor (Fig. 13). However. there’s no VDR
to sense the changes. Tnstead. the cathode is returned to
“B+” and the control grid ties 1o a divider across hoosl.
Anvthing that lowers high voltage also reduces hoost, The
result: less positive bias and less loading by the tube: th:
amplitude of the fivback pulse returns to normal, and <o
does high voltage.

Toshiba's CGA chassis has a 23]S6A tube in virtually tle
sume wrangement. The 12A12052 Zenith chassis has a stae
something like the Arcin deseribed above. but with a ther-

| mistor instead of a VDR,

A really odd one is in the Hitachi C\WA-200. A special
saturable reactor is inclnded in the collector cirenit of tie
horizontal-output transistor. The greater the pulse amph
tude, the more average die. enrrent the transistor draw «-
it's the nature of that class of transistor amplifier. The re-

| actor begins to saturate. I becomes less efficient in coupling

energy to the flyback transformer, and the high voltace
drops back to normal,

Serviceahi lity

Two things are generating heat among manufacturs,
service technicians, and customers this vear. They are: wur-

{ ranties and serviceability, There are at least three sides 1o

the story, with no real answers in the offing. \lm(- and morc.
a fourth side is added—that of the g government “consumerists.

The trouble over warranties began hecanse buvers cor Ul
not understand the terms. Government decided enstonme s
aren’t really getting the kind of products or guarantees \
should have.

Take warranties. Demands range from merely clarifving
the wording to at least 2 vears” warrantv—covering all fm]l\
parts, all labor to replace them. and all transportation and
shipping that relates to making the warranty good. That
latter notion will probably win out, too—with the time limit
perhaps only a vear. Another vear or two will tell.

But a warranty has no value unless there are competent
people to make whatever repairs become necessarv. That's
a constant problem in most parts of the country. Techmcl ans
in the field blame the more and more u)mple\ chassis with
parts in hardly aceessible locations. This isn’t an idle com-
plaint. You have only to open the backs of some of the
chassis mentioned in this article: some sections cannot he
reached for anvthing, even minor testing, without time-
consuming and annoying disassembly.

A lot was done during 1969 to train more and better tech-
nicians and more will be done in 1970. But the best over-all
gains are the construction improvements that simplify ser-
vicing. Motorola has taken a long stride with the modular
conceept; the company has also prepared a whole booktul of
excellent suggestions for testing and repairing modules.
Clairtone has a similar idea that will work well if they pro-
vide sufficient information for technicians all over the coun-
try, as Motorola has. Sylcania and Zenith broke the harrier to
in-home service on transistor receivers by plugging transistors
into sockets; they can be tested and substituted as simph
as a tube, now.

More companies need to change their thinking in chassis
lavout and design. That will lower costs for owners, without
chiseling service shops ont of a fuir and honest profit or
technicians out of a decent wage. And think of the dollars
that would be saved on in-warranty repairs! \We hope that

[ our report next vear can name a ot more manufacturers

who have made color-TV chassis casy and inexpensive to
repair. Set-buvers will love them. A

ELECTRONICS WORLD
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ELECTRONICS

ARKET 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%

12 months paid in advance.

for

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
2nd month preceding cover date (for example, March issue closes January 1st). S

Cne Park Avenue, New York, New York 10016.

subject to publisher’'s approval. Closing Date: 1st of the
end order and remittance to: Hal Cymes, ELECTRONICS WORLD,

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices.
job tickets, phone message books, statements
and file systems. Oelrich Publications, 4040
North Nashville Avenue, Chicago, 1ll. 60634.

GOVERNMENT Surplus Receivers, Transmitters,
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 television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

INVESTIGATORS, LATEST ELECTRONIC AIDS.
FREE LITERATURE. CLIFTON, 11500-J NW 7th
AVE., MIAMI, FLORIDA 33168.

FREE ELECTRONICS PARTS FLYER. Large cata-
log $1.00 deposit. BIGELOW ELECTRONICS,
BLUFFTON, OHIO 45817.

EUROPEAN whole;ale newil:;roducts catalog.
$1.00 refundable. Deecow, 10639 Riverside,

North Hoilywood, Calif. 91602.
Dollar Sale

1 EACH PACKAGE

MONEY BACK GUARANTEE

ZENER—DIODES
230400 MW
EA 4V-6V-8V.10V

1 AMP
Silicon Rectifier
Choice of Package 1
Bullet-Glass-N!in-N’etal -
b 008 1 WATT
1 EA 4V-6V-8V-10V

1000V
131200V

2 WATT
12 to GUv
CHOICE OF THREE

16 Bit Mcmory Cell-3$4.25

[ 10-8
Q- C—— -
11 6-200y, oy, SILICON-CONTROLLED
[ 5-300V 0O 11200V RECTIFIER
12 TO-5 PACKAGE
as 1nu\'AMPJS¢_»T,(l(:(R» moss0v 2200V $1.00
a s-a00v¥ 0 1-1000v 0 .10V 2-300V $1.25
20 AMP_ST
EEAH B i 4-50V. g (ﬁmpl ﬁ.ﬁ\’vzu 00
3 : , 5OV §1. 500V $5.
a 100V o AL :]-l’(lﬂ\' 1.00 l-E,II(JV 1.50
40 AMP STUD 2.200V 1.00
,g :J,-.',n\' 0O 1300V - -
e GENERAL PURPOSE
GERMANIUM
60 AMP STUD
{250V —§1.00 TRANSISTOR

{1-1000V 1,25
{60 ANMP STUD

SIMILAIL to 2N44
8 UNITS

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.
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.

JAPAN & HONG KONG DIRECTORY. Electronics,
all merchandise. World trade information. $1.00
today. Ippano Kaisha Ltd., Box 6266, Spokane,
Washington 99207.

FREE Catalog low priced, high performance sub-
miniature listening devices direct from manufac-
turer. Dealer welcome. Emery LT-103, 156 Fifth
Avenue, New York, N.Y. 10010.

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 773}0. )
SENCORE TEST EQUIPMENT UNBELIEVABLE
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. 0323?.
REPAIR TELEVISION TUNERS. FREE TRICKS.
Plans, Details, Complete Courses: Frank Bocek,
Box 3236 (Enterprise), Redding, Calif. 96901.
FREE CATALOG surplus bargains: fans, Bodine
reduction motors, switches, relays, steppers,

PC Boards, Many others. IEM Inc., Box 4280, |

Irvine, California 92664.

PLANS AND KITS

PLANS: LASER .$2.00. Two FM Bugs $1.00.
Tailing Bug .$1.00. Telephone Bug $1.00.
Infinity Transmitter , . $2.00. Howard. 20174

Ward, Detroit, Michigan 48235.

BUILD color organs, computers, stereos, alarms,
slide-synchronizers. Catalog. Workshop, 33E
Cain, Plainview, New York 11803.
INTEGRATED CIRCUIT KITS: COMPUTER, AU-
DIO, Others. 1970 catalog free. KAYE ENGI-

NEERING, Box 3932-B, Long Beach, California |

90803.

ELECTRONICS ENGINEERING
AND INSTRUCTION

RADIATION FREE TUBE FOR COLOR TV
50,000 Volts. Replaces RCA 3A-3A or equiva-
lent. Guaranteed for life of set or 5 years. Elim-
inates heat to prolong life of other tubes. $8.99
each.

SPECIAL INTEGRATED CIRCUITS

Dual 4 Input Nand Gate Digital........ $1.50
Quad 2 Input Nand Gate Digital. .. ... .. $1.50
J K Flip Flop Master Gatc Digital. .. ... .. $1.7S

Linear 1 C Operational Amp 709C Type. .%$1.75

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

i = T mr e —
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LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troutleshooting. Accredited NHSC.
Free Booklet. 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., Hollywood, California 90027.

FCC First Class License in six weeks—nation's
highest success rate—approved for Veterans
Training. Schools in Dallas, Atlanta, Chicago,
New Orleans, Minneapolis and Houston. Write
Elkins Institute, 2603C Inwood Road, Dallas,
Texas 75235.

CONVERSION FACTORS for engineers, techni-
cians and hobbyists, 25¢. Shallco, Box 1089,
Smithfield, N.C. 27577.

www americanradiohistorv com

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.l. graduates pass F.C.C. exams for lst
class license. Total tuition $360.00. 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.

F.C.C. License training by correspondence. G.I.
Bill approved. Money-Back Warranty. Free bro-
chure. Write: Dept. Z-9. Pathfinder Schoo! of
Electronics, 1505 N. Western Ave., Hollywood,
Calif. 90027.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles. computers. radar, auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

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.

RECTIFIERS & TRANSISTORS

Silicon Rectifiers
PIV | 25| 50/100] 200/ 400/ 600/ 80011000/1200

1A* | —(.03| .04| .06 .08/ .10/ .14| .17] .22
18A°°|.09/.15/ .19/ .29/ .39 —I —| —[ =—
20A |.15/.20] .25/ .39/ .50/ .75/ .90/1.15'1.40

40A |.25/.35 .60/ .90/1.20 1.50/1.80/2.10/2.40
*Tophat, Fhmgeless, ##Presstit. 8. 20, 40 Swuds
Silicon Controlled Rectifiers

1500 PIV [ PRV | 25 | 50 100 |200 | 400 | 600
STUD | 1as |T—| —| —/.30] .55 .85
1 AMP 7o |.111.14].20| .45 .90 1.20
25¢ EA. |1gpes| .15 .23 (.35 .60 1.10/1.40

20A 1.18 !.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 85W, 60V—.55 2N1047A 40W, 80V—.40
2N 424A 85W, B80V—.65 2N1718 10W 60V—.15
2N 497 4w, 60v—.10 2N1724 50W B8OV—.65
2N 498 4W, 100v—.12 2N2151 30W 80V-—.25
Silicon Small Signal NPN. TO-5
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—
27,47,0r100 pf, 4V—$1.25ea.; P.C. Board 8"x8" 1/,,"-
1 oz. Copper—2/98¢; Photo Cells, Herm. Glass, 5
Diff. for $1.00; 2N1300 Series, TO-5 Assorted—25/
$1.00; R.F. Coil Assort. 25/$1.00, I.C. TO-5-15/
$1.00. Epoxy Diodes, 200 MA, 3000 Piv 49¢, 6000
98¢, 10 Watt Zeners 7 Volt Thru 185 Volt 49¢, P.C.
Connector 15 Contact 2/$1.10.
ASSORTMENTS

Precision resistors film .. ... 50/%1.00
Precision resistors wirewound ... . ... .40/%1.00
Fernic Chloride Etchant, 16 oz. bottle .98

Relays 6 different types ....
Terminat lugs, assorted .
Tie lugs, assorted -
Push button switches, on-off, panel
Pots, 2-4 watt, assorted .

Free $1.00 pack with $10.00 order; min, order $3.00;
send sufficient postage, overage refunded; fully
guaranteed; free catalog.

GENERAL SALES CO.

254 Main (713) 265-2369
Clute, Tex. 77531

e —
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INTEGRATED CIRCUITS f

RECTIFIERS

SEMICONDUCTORS f TRIACS

TRIACS

PRV | 10A
100 1.20
200 1.75
oo 2.25
400 2.TS
S00 3.28

I ER900 TRIGGER DIODES. These

one of the best and cheapest
methods to trigger SCR's and
triacs 3/$1.00

UNIJUNCTIONS!
Similar to 2N2419. RBB of 5-7
stand off ratio of .6 and Ip of 12
with data sheet $1.00

ZENERS750 minliwatt 7-68v $ .40
10 watt 7-180V $.75

MOUNTING
I HARDWARE KITS.

These kits are used to mount our
SCR's Zeners and Rectifiers etc
6x32 stud (3, 12 amp rectifiers,
7A SCR’s) 6 sets/$1.00

V4x28 stud (30 amp. rectifiers
20 amps SCR's.) 4 sets/$1.00

OLID

Post Olfice Box 74B

bidirectional trigger diodes are |

[J N-CHANNEL FET'S T0.18 plastic
units. low noise. low leakage. 25 voits
source to gate, 50 ma gate current
Gain to 9000 umho's. $ 80
[] NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, T10.18, SI
With a VCBO of 120
3/81.00

NEW TTL LINE

9301 MSI One-of-Ten Decoder $4.95
MC400 DUAL 4 input NAND/NOR

Transistor.

Gate $1.50
| 4 Bit Storage Register $2.50
MC415 JK Flip Flop $1.50
RF112 Dual JK Fiip Flop $2.50
MC403 Exclusive OR Gate
With Complement $1.50
- - DECADE DIVIDER - -
Sili Power ifiers
PRY 3a 124 30A
100 (rL] .3a -850
200 -iB .88 8D
400 ] .TQ .30
600 « 30 1.00 .50
800 .40 1,25 .80
1000 ss 1.50 2.20

Terms: FOB Cambridge, Mass.
Send check or Money Order. Include
Postage. Average Wt. per package
Y2 Ib. No C.0.D.’s. Minimum Order
$3.00

WE LEAD THE WAY
IN SERVICE AND QUALITY!

Rated companies 30 days net

TATE

Somerville, Mass, 02143

Send for our latest catalog featuring Transistors and Rectifiers; 325 Eim St.. Cambridge, Mass.

FIBRE OPTICS

1/32" 2.5 mil, fibers in
PYC packet $ .33

COMPLETE LIGHT ||}
GUIDE BUNDLE
consisting of an 11 length of
1/32" dia. fiber optics with
bound ends $2.00 ea

10,000 PRV 75 MA RECTIFIERS
$2.00 EA

LINEAR CIRCUITS
CA 3011 FM IF
AMPLIFIER
709C OPERATIONAL AMPL..
710C HI SPEED DIFF, AMP. $1.75
711C DUAL COMPARATOR.....$1.75

Controlled Avalanche or
Epoxy Rectifiers 1 AMP.

$ .90
$1.75

PRV
100 -aF
200 (h ]
400 12
600 IR
800 22
1000 .35
Sillcon Control Rectifiers
PRY 3A 7A | 20A 70A
Soj| .35 A T
L 50 &% A0 4.00
Faisi] 70 o5 1.30 8.00
00 90 | 1.25 1.TOD
400 1.20 1,60 F.10  12.00
500 ( 1.50 | 2.00 2.30
600 1.80 2,40 3.0a0 | 16.00

ALES

Tel. (617) 547-4005

CIRCLE NO. 120 ON READER SERVICE CARD

Electronics World

U.S. GOV'T ELECTRONIC SURPLUS

* Nationally Known-World
Famous SURPLUS CENTER

SUBSCRIBER SERVICE

offers finest, most expen-
sive, Government Surplus
electronic units and com-
ponents at a fraction of
their original acquisition
cost.

ORDER DIRECT FROM AD
or WRITE FOR CATALOGS

COMPUTER TRANSISTORS ON HEAT SINKS
IBM Computer Quality Units

® (#22.928) -- 1nic consists of one 130.
Watl  puwer (ranvistor  on hears  ribbed
mluminum heat ik, Mam  evperimentad
uses, (11ib.)

Cost Gor't Orver $10.08 s‘ .99

® (#22-915) - (au comanin ol 1wa 130-
wait  POwer  iransistins I puts., aeveral
diodes, camai (ols, resisiors. el an heavy

sibbed slwminum heat sinks. ldeal for use o8
Moor speed control, 1 4 Iha

jost st tner sis00 94,91

RUNNING TIME METER

® (#DX-104) - = U'se 10 rrcord number of np-
erating howrs of electric Lights and electoical
devices such as refrigeratoes, fumaces et

Records total hours, tenths and hundsedths up
0 999999 howrs, Par L13a0l 6B-rrles.
Slze ¥4 V3T A DT, Shupping weight 2 L, $

= —'l-u-:.T"'
Hr -

5.69 (o over 529.00
EXPANDED SCALE 0 - 15 pCVYM

® (#21-900) - = Brand new, expensite voltmnter
reads 8.3 (0 16=volts IN° and 3 (o Bvolin, Ver uselul
for awtomatise and airceafl baltery charge inCicator,
eic, #Armomval morvement, black phemolic case.

B ‘uu sz $12.95

S SEND 25¢ COIN OR STAMPS FOR CATALOGS
i All items FOB Meney Back Guarantee

SURPLUS CENTER
DEPT. EW-370 LINCOLN, NEBR, 68501
CIRCLE NO. 115 ON READER SERVICE CARD
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Please include an address label when writing about your
subscription to help us serve you promptly. Write to:
Electronics World, P.0. Box 1093. Flushing. N.Y. 11352

CHANGE OF ADDRESS: < AFFIX LABEL
Please let us know you - N_
are moving at least 1| oy o 2
four to six weeks in )5) <

[ ]

-

advance, Affix maga-
zine address label in
space to the right and
print new address be-
low. If you have a
question about your
subscription, attach
address {abel to your
letter.

TO SUBSCRIBE:
Check boxes below.
(J New [] Renewal

{1 5years $26

J 3years $18

0O 1year $7

SPECIFY:

{3 Payment enclosed —
You get 1 extra issue bu me we -
per year as a BONUS!

{3 Bill me later.

313y ssaippe (10 julid *Apuey jager ou aaey noK j

—_—
I Add’) postage- $1 peryear oulside
U.S., its possessions & Canada

zip-code

www americanradiohistorv com

TUBES

TUBES —-33¢ each. Year guarantee. Tuner Clean-
er $1.00. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

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 Turnpike, Mineola, N.Y. 11501.

TUBES—Lowest world prices. Foreign-American.
Obsolete, current. Receiving, Special Purpose,
Transmitting tubes. Send for tube and parts
catalog. United Radio Company, 56-E Ferry St.,
Newark, N.J, 07105.

WANTED

QUICKSILVER, Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal, Nor-
wood, Mass. 02062.

QUICK CASH . . . for Electronic Tubes, Semi-
conductors, Equipment (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.

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,

TAPEMATES make available to you ALL 4-TRACK
STEREO TAPES—ALL LABELS—postpaid to your
door—at tremendous savings. For free brochure
write: TAPEMATES, 5727 W. Jefferson Bivd.,
Los Angeles, California 90016.

RENT 4-track open reel tapes—all major labels—
8,000 different—free brochure. Stereo-Parti, 55
St. James Drive, Santa Rosa. Calif. 95401.

CASSETTE and 8-track blanks, language tapes,
dozens of accessories and recorders. Literature
25¢. CASSETTES UNLIMITED, P.0O. Box 13119w,
Pittsburgh, Pa. 15243,

TAPES . . . blank recording . . . pre-recorded
music. Catalog 10¢. Tower, Lafayette Hill, Pa.
19444,

STEREO TAPES, save 20, 30% and more, post.
paid anywhere U.S.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 $8.00.
Catalog 50¢. Don Maris, 824 Owl, Norman,
Okla. 73069.

WANTED used prerecorded 8 track/open reel

tapes. For prices write: S.K,, 2915 Hewlett Ave-
nue, Merrick, N.Y. 11566.

RECORDS

SPECIAL interest records available, 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
Recording, Lynwood, Calif. 90262.

HIGH FIDELITY

TRADE in your old cartridges: Send us $7.95
and we will ship PREPAID any one of the follow-
ing: ADC 220, Grado FTR, Pickering Pac/1
Shure M3D: LYLE CARTRIDGES, Dept. E, 265
East 149th St., Bronx, N.Y. 10451.

ELECTRONICS WORLD
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FREE! Send for money saving stereo catalog
#E3W 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.

TRADE in your old cartridges: Send us $13.95
and we will ship PREPAID any one of the follow-
ing: Empire 808E, Empire 888, Grado FTE, Pick-
ering V15AM-3, Pickering V15AT-3, Shure M21E.
M32E, M44E, M44-7, M75-6: LYLE CARTRIDGES,
Dept E, 265 East 149th St., Bronx, N.Y. 10451.

HI-FI 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.

TRADE in your old cartridges: Send us $17.95
and we will ship PREPAID any one of the follow-
ing: ADC 606E, Empire 888E. Pickering V15ACE-
3, VISATE-3, XV15AT, Shure M55E, M75E, M92E,
M93E, M91E-G95 (Garrard), M91E-D12 (Dual):
LYLE CARTRIDGES, Dept. E, 265 East 149th St.,
Bronx, N.Y. 10451.

HI-Fl components, tape recorders, sleep learning
equipment, tapes. Unusual Values. Free cata-
log. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040

HI-FI EQUIPMENT GET Our “ROCK BOTTOM"
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.

GARRARD SPECTACULAR: Send us $32.95 and
we will ship PREPAID new Garrard changer with
stereo cartridge and base: LYLE CARTRIDGES,
Dept. E, 265 East 149th St., Bronx, N.Y. 10451.

AMAZING DISCOUNTS on famous brand high
fidelity stereo components. No small wonder
that we have set new sales records each year
since 1959. Write: Arkay Electronics, 1028-02
Commonwealth Boston Mass. 02215.

NEEDLES: For ADC, Emplre Grado, Pnckenng,
Shure, Stanton. Unbelievable prices: Free cata-
log and price sheet: LYLE CARTRIDGES, Dept.
E, 265 East 149th St., Bronx, N.Y. 10451

BACKGROUND MUSIC—SOLID-STATE SCA DE-
CODER DELIVERS SUBCARRIER COMMERCIAL-
FREE MUSIC PIGGYBACKED ON MANY FM
STATIONS. LINE-POWERED ADAPTER SIMPLY
PLUGS INTO ANY FM TUNER. NO ADJUST-
MENTS OR TUNING. NEW DESIGN BREAKTHRU
GUARANTEES OPTIMUM PERFORMANCE, LOW-
EST PRICE EVER! $35 POSTPAID. K-LAB, BOX
572, S. NORWALK, CONN. 06856.

DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $19.95 and any old cartridge. We will
ship PREPAID any one of the following top
rated elliptical diamond stereo cartridges NEW:
Shure M75E, M91E, M92E, Empire 888E, Picker-
ing VI5AME3, XV15 ATE, ADC 660E, 550E.
Write for lowest quotations all stereo com-
ponents. Send $1.00 for our discount catalog.
DEFA ELECTRONICS, 2207 Broadway, New
York, N.Y. 10024.

SAVE over 3314 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. Wrile KGLL Inc., Water St., Lewiston,
Malne 04240

HARTLEY CONCERTMASTER in home demon-
stration: West Orange, Ridgefield Park, N. J.;
Port Jervis, Buffalo, Spring Valley, N. Y.; New-
town Square, Pa.; Miami, Florida; Holiand,
Mich.; Albuquerque, N. M.; Logan, Utah; Daly
City, Chico, Calif.; Dedham, Brookline, Mass.;
Columbus, Ohio; Dixon, Illinois; Helena, Mont.;
Kensington, Md. ALSO: Tokyo, Hong Kong,
Noumea, Johannesburg, Basle, Taipei, Manila,
write HARTLEY, Box 68W, Ho-Ho-Kus, N. J.
07423,

Write today for our FREE catalog describing the
entire line of SINCLAIR audio components,
speakers and experimenter units, including the
IC-10 integrated circuit amplifier and the re-
markable Z-30 amplifier module. Write: AUDI-
ONICS, INC., Dept. E-3, 9701 S.E. Mill, Port-
land, Oregon 97216.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD."” Vantage, 120 West 31 St., New York 10001.

March, 1970

1000°s OF UNUSUAL S5CIENTIFIC BARGAINS .cazc -Giﬁ’:!{f.?. .

B % speciaL UNIQUE
. &

?;ymgﬂlc LIGHTING

G2 freeve, fra

GIANT 557 LIGHT COLUMN!

Really spectacular 4-channel
color orifan translates every
note, beat and vibration of
;,ouml into lazzling, throb-
in
vibrant  color,
wain contro

S-Cross patterns of
Inddividual

SUTCO.

F200W eapacity 1 each

for M'u((\r and identical

“Yalave’ unit listed below

Ideal for Baads, Discotheques  light shows, Uses reg.
197W x 87D,

house current. 55"H x

No. 85,188AK (57 Ib, Shpg. Wt.) .. . .. 50 F.0.B.
“'SLAVE'' UNIT— (Works In Tandem W/Master)

No. B5,189AK (57 Ib. Shpg. Wt.) . .. .. 49.50 F.0.B.

3” ASTRONOMICAL TELESCOPE

See moon shots, orbits—
stars, phases of Venus,
plancts close up, 60 Lo 180G
power, /\]Ul“HIIZPd

coated 37 d

mount with
es. Equip-
yrod “Ilh BUX cyvepiec and
mounted Barlow lens  3x

finder telescone, hmll\\ t)ml
tripod. Included
“*STA C -

Stock No.
41/,” REFLECTOR

$29.95 Ppd.
Stock No. 85,105AK $94.50 FOB
6" REFLECTOR
Stock No. 85.086AK ................. $239.50 FOB

NEW TROUBLE-FREE SUPER STROBE

The bexst aml ler.!hlL'\\ we've
® avy duty ulira-
overs up 1o
.00 ~. ft. Continuous
prohiem free oneration ideal
for protessionnl use. Perf
for combos, llll:\lel~
eotheques.  Long-life
Xenon Tube, Mi
adjustable to
per second, Fat cooled.
V'n'(‘lu\PdH;zp
Rugged ¢ 157 x 5l B
metal Caﬁ(‘ Wt. 8 lbs,
S(ock No. 1604AK ... ... ... ........... .5365 Ppd.
28 EMOTE CONTRDL
Stock ‘No. 13 A R R L L $35.00 Ppd.

ASTRONOMICAL TELESCOPE KITS

(.-rmd your own mirror for

rful  telescopes. Kits
1uu un fine annealed p
nblank. lnnl_ abrasive

picee ses. lxhnumn nes
vou huihd x ange in value nt
%75 to hundreds of dnl]:n\'.
4147 DIAMETER— 47 Thick
Stock No. 70.003AK

o
Sto
e
St $21.00 Ppd.
10
Stock No. 70,006 $34.25 FOB

LONG WAVE BLACK LIGHT FIXTURE

Extremety versuatile, com-
(Io\!glleli long wave

000 anpgstroms)
hlﬂ(k l|l.!hl 1l|lll viotel() fix-

110.V
filter—
~horter

att,
hu||l in

fluorescent
o e chalk, « . trace pow-
der. Incl, admuml»ln ||ln“1|n\nn T (IE( to )\|~|| pull ~wite h.
('l)nn(‘('linl! plug. '\mum vert., horr.. or on corner. 10
L. 11 A / "

“paints.

Stock No 70 K ................... $12.50 Ppd.
REPLACEMENT BULB
No. 60,124AK .. .. ... ....... .00 innn $4.50 Ppd.

A COOL ADVENTURE . .. WITH LIGHT!

The almost hypnoric spell of
ever ehanging rirelx;zm ha-<
been  captured in a ol-
iirht display box! Wnth Lhe
liquid motions rising
and eascading {ountain hlow-
ing in the wind, psychedeile
rolors  apbed infermingle
amd vanish to rise arain in
new patterns and driff away.
This  <oothing  light \ho“
I|r)\x~ed in a hand~ome 1115”7

77 dec ‘ walnut
nnuhed |um|.1 ligght box is
an effe wldition to_any ——your living 1
n, doctor’s oflice. L~|)c( lally effecti
a wall picture group. Modern as tomorrow—,

. bed-
O
1ilahle

Stock No. 71,180AK. LUMIA LIGHT BOX..%29.95 Ppd.

ROTATING MULTI- COLORED LIGHT

stream endl-
n=tantly  ro-
retted, trats.
has louvered
ie with ved. green,
ellow  stars. Bulb
heat 1otates drum w h
jects flicker In"

h pro-
Dr)lll(\

wa silings, et
while in(li\-idu:ll Elohe f.’lc-
resent constantly chang-

brilliant colors.
hizh

mgoarray
G slar—aphra
on  bell.shaped a
singly tieht., Kasily placed on table, TV, fireplace. Yor
Kinne tree rom.
stock No. 71,000AK

I

YOUR OWN “MOONDUST”
= Looks lke it, feels like it,
perforiny like it. Simulated
\hmmluﬂ.uuthm|( iv
onds in lextur
1 appear.
n|1inulo -3
v p

Thomas (jold. Director
nell’s Center for
Uhysics & Space Res

who 3
sample Fis ing
verss item, great for

contemporary education,  Unusual
and cohesive substance—-lizhtly ad-

Stock No a1, 251AK . {1 oz.)

.$2.00 Ppd.
Stock No. 41,262AK . . (4 oz.) 3 54

.$7.00 Ppd.

NEW! PROJECTION KALEIDOSCOPE

.nzedi} dmm liquid
Projects  variety of
iterns which do not
H ) H designed
wheel, 37 ction lens
andd Edimund Visual Special
Eftects I'roicetor unke it all
posxible ¥ operated.
Large screcn image at short
proicction distance perfect
for photo bachkeroumds, lyrht
shows parties, dances. ete.
Front " or_ rear proiection. g .
incl: 1 REPM 115V Motor, motar bracket. instructions.

Stock No. 71.121AK ......... ..., . 4.50 Postpaid
MULTI-COLORED GLASS WHEEL i osto
Stock No. 71,122AK (9” Diam.) .......... %15.00 Ppd.

SPECIAL VISUAL EFFECTS PROJECTOR SET

Dazzlingr,  avante-gavde vis-
ual effects, Pnnm\uc vari-
ety neredibly  beautiful,
Special acks nﬁ'ul con-
g ¥ appara-

- Create floating, e\nlud
. liery bursts of 10“)1 1
Syimphony  of
romatte Starb
tal \lﬂll)lll\l
35mm 500 \V.
nrojector - pradu
mage at short distanc
Accepts two 97 dimmn, wheels
v Raleidoscope &

s 48” Colored (lnuvl o i ]
ed walls) . Perfect for entertaining, parties, photoi-
raphy. Comnlete instructions.
Stock No. 71,2128K ... ...........0.nn. $79.50 Ppd.

e v

| PSYCHEDE\LIC LIGHTING HANDBOOK

100 information packed
pages! Fully Oxp]aln\ latest
inpryehedelic tighting eguip-
techniques. develop-
(()\fLrb all facets of

de i
ductmn ln(lmlln;{ strob
klights, projectors, o
tals, arganic ~Ilt|o~ mirr
calar organ ed col-

B t boxes, ‘\Iu-«u \|~mn
how P
parties, musical
. shows or hn\\ to et
up “electrie toipst’ for private ;:uhenmz 8lp” x 117

looscleaf paper ])UH('“(‘A] for 3 ring Dbinder.
Stock No. 9100AK

; ™ Psychedelic Light Show Take
one bookshelf sized conserv-
iive looking oited 1inut
finished light box—with jts
built-in  kicker, an  indiv.
controtled  3-channel color
orran, Activate by att ulnnR’
(o hi-fi or sterco speiaker
Mugz i and switeh an! Mu,
lills the room and the pris
magic s uen fea nc into pul-
sating Jife. Patterns are wild
and wonderful. m oft and
~oothing — responding dj-
ectly in time and mlmu #v to music, Peifeet home enter-
tainment, little theater or comnbos, II()use current,

tock No. 80,126AK . . (18"Wx12"Hx9"D) ...$49.95 Ppd.

FIND BURIED METAL TREASURE'
Detect Individual eoins,
rings as deep as 127 ba Vs
t0ols to

T &
lu:lm\nmln Hlo ihs.) bat-
lexv powered. Perfect for
treasure  bhunters.  collec-
explorers. heachveomb-
Has \|~u.11 atl audihle

it
\\\u(h control. e
overall. adi. 11" diam. loop.
battery,

Stock No. 80.119AK . ................. $147.50 Ppd.

MAIL COUPON FOR GIANT FREE CATALOG

148 PAGES-—1000's OF BARGAINS
Completely new 1970 edition, New items.
categories, itlustrations. Dozens of electri-
sl and electromavnetic parts, accessories.
1wrmous selection of Astronomical Tele.
Microscopes Binoculars, Magni-

M Lenses, snis, Many war
\umllu items: for hahh, . o\penmont-
ers, \\(nk\hnn factory. JMail coupon for
catalogr CCAK’

EDMUND SCIENTIFIC CO.
300 EDSCORP BUILDING,
BARRINGTON. N.J. 08007

~olid state ]
includes 9 \'nl!

NAME
vISIT OUR FACTORY RETAIL STORE! ADDRESS
3 P v Turnpike it IS Min, to . o
£hi ce 1. 000 R s Plus CITY
< it ery Afl-
l. (‘In.s(‘(l Sun. STATE ZIP.

al ] 1= l'r S'I'l: HUMBER « SEMD CHECK OR MONEY ORDER = MONEY-BACK GUARAMNTEE

EDMUND SCIENTIFIC G

300 EDSCORP BUILDING
s BARRINGTOM, NEW JERSEY 08007
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BC 645 TRANSCEIVER

13 tubes
435 w0 500 Mc. Lasllyﬂadamed for

nd new
SPECIAL PACKAGE OFFER: BC-845
nsceiver, Dynamotor and all ac-
ressories, lncludini{ mountings., UHF Antenna As-
sciblies, control box. cnmglete =et of con-
nectors. plugs, BRAND

AN/ART-13 THANSMITTER makes fine Ham trans-
mitter for 80, 40, 20 and 10 meters, 1‘ower output
100 Watts on AM. CW, MCW_ 10 preget channels,
Complete with all lul)o.\ crystal., exe, Used, 569‘50
ClOAN o i e e e e e
Low-Frequency sclllator Coil for abhove. 57 95
200-15300 he, Exe. Used ... ... ... b

APN-], TRANSMITTER-RECEIVER FM 100.450
AMe. Fxe. Used. with ubes. dynamotor & ssss
wobbutlator . .. .. ... L. -

R-4/ARR-2 RECEIVER 2:34.258 com

plete with 11 tubes, Kxce ll(nt Lmul ......... $5.95

BRAND NEW, Including dynamotor .......... $9.95
SCR-274-N, ARC-5 COMMAND SET H(Q!
Freq. Exc. L e BRAND
Range Type Used NEW

aECEIans comnlete with Tubes

190-550 Kc. 8C-4 .S 6. 95 .-$23.50 . .$27.50

-~ M 16.50 . .$19.50 . .$22.50

59 . .. . ..$17.95 . .$21.50

s .. . $21.50

5 $11.95

ils 8.9 $12.95

..%$19.50 $23.50

-.% 9.95 $11.95

..$12,50 $16.95

-11 COMMAND RECEIVER ARC 190-550 K.
‘ommercial late model. Excellent Condition. < 5]295

AN/APR-4Y FM_ & AM RECEIVER
“FB"” FOR SATELLITE TRACKING!
Hirh precision lab instrument, for monitoring and
measuring frequency and relntlv! ulmal .lrength 38

to 4000 Mc, in 5 tuning r For 110 V 60 cycle
AC. Bullt-in power uupply Orlmnll clrcult >
dlg(ezra;‘n included. Checked out, perfect, B

All Tuning Units Avallable for Above

600-DHM HEADSET, permoflux units. chamois 33 49
cushion, with cord & telephone plug. NEW . .. g

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 Orderl

» 25 Deposit with order, balance C.0.D.
—OR—Remittance in _Full. Minimum
Order £5.00. F.O0.B. NYC. Sublect to

prior sale and price change.

G&G RADIO ELECTRONICS COMPANY
Tel.: (212) CO-7 4605
45 Warren St., 2nd Floor, New York, N.Y. 10007

~ LIBERTY PAYS MORE!
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 6T4G)

Only

120",

F.0.8.
New York

% 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 to 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 415 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

GOVERNMENT SURPLUS

MAGNETS

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,

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, EM30, Tennent,
N.J. 07763.

PERSONALS

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. lllustrated brochure free.
Hermes, Berlin 11, Germany.

SECRET LOANS BY MAIL. Borrow $100 to $1500
for any good reason in absolute privacy. No
interviews, no endorsers, no co-signers. Fast
service. Write Dial Finance Co., Dept. C-594,
410 Kilpatrick Bldg., Omaha, Nebraska 68102.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog' Drawer H400, Ruidoso, N.M. 88345.

| AMAZING self- hypnosis record releases fantastic
mental power. |(nstant results! Facts free.
Write: Forum (AA3), 333 North Michigan Ave-
nue, Chicago 60601.

PHOTOGRAPHY—FILM
EQUIPMENT, SERVICES

SCIENCE Bargains—Request Free Giant Catalog
“CJ"—148 pages—Astronomical Telescopes, Mi-
‘croscopes. Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., 300

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.

EDUCATIONAL
OPPORTUNITIES

LEARN WHILE ASLEEP, Hypnotize! Strange
catalog free. Autosuggestion, Box 24-2D,
Olympia, Washington 98501.

STAMPS

RUSSIA high-value collection. 32 different Rus-
sia—some over 50 years old! Commemoratives,
Czarist Issues, Animals, catalog price $2.50.
Special get-acquainted offer—all for only 10¢!
H. E. Harris, Dept GG-54, Boston, Mass. 02117.

POSTMARKED MOON! Valuable Moon Landing
First Day Cover postmarked from die taken to
Moon and back by Apolio 11 Astronauts. This
unique cover features century-old wood cut
from Jules Verne's 1869 novel predicting 3
Americans would be first to land on Moon!
We'll give you one FREE of extra cost to intro-
duce our famous Approval Service. Buy $1
worth and get extra bonus of 110 stamps in-
cluding spectacular Space Issues, plus illus.
trated Album—or buy nothing, return stamps
and album, cancel service anytime. Moon Cover
is yours to keep in any case! Send 25¢ for post-
age and handling today. Kenmore, MC-539,
Milford, New Hampshire 03055.

MAGAZINES
BACK DATE MAGAZINES! Send needs. Midtown,
Box 917-EW, Maywood, N.J. 07607.

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms,

frequency discounts, closing dates, etc.

' 1 p) 3 Y 5
|
6 _ 7 8 - e 10
|
| ’ 11 12 13 14 — 15
| T 16 17 18 19 20
i T 22 23 24 25
| 26 27 28
- 34 35

Insert time(s)

NAME

@ .50 Reader Rate _
Words @ .85 Commercial Rate =3

Total Enclosed %

ADDRESS

CITY STATE ZIP

SIGNATURE
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I
I
I
I
I
I
I
I
I
I
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I
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I
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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 letters as a word. Symbols such as |
35mm, COD, PD, AC, etc., count as one word. Hyphenated words count as two words.
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INVENTIONS WANTED I $100,000 INTEGRATED CIRCUIT I
I Imuagine — buy 1 Integrated

INVENTORS! Receive free invention analysis at ' Circuit at our bargain price l
no risk to you. Send for FREE disclosure form I get the 2nd one for .
today. New York Invention Service, Dept. 19, ONLY 1¢ . . . -
160 Broadway. New York, N.Y. 10038. I Fairchild No. EACH e MORE

S — o 1 for 1.49 2 for 1.50

i i i Putler  wimonomcminiinan w

PATENT Searches including maximum speed, 900 ! . z i 2ia 108 4fer1.99
full airmail report and closest patent copies. I 3?3-903* : I"II)'I““.- Q‘;:}‘I‘)\l‘? (!].:f{.l\m' 2 for 139 2fortiso Il l
$6.00. Quality searches expertly administered. 5 a10-910° D‘L:‘;';IT\»:Input ca Y oa  4for1.99 ol
Complete sicrecy guaran;etted.tFrlei lnvetr_'ntlon I o Dl Twe Input Gt 1.2 2 for }gg I
Protection forms and ‘‘Paten nformation.” NI b 1.98 4 for V.
Write Dept. 23, Washington Patent Office Search l 3}‘;-914* ]I:::% :’{ \}nplxl‘lh(u;l:xl(u ‘N:ln(]/.\ul' 1 for 1.49 2 for 1.50
Bureau, 711 14th Street, N.W., Washington, D.C. [, 915-915  Dual 3 Input Gate Nand/Nor .2 for 1.49 4 for 1,70 X I
20005. l T 923 SK-Flip Flop . _ 1 for1.49 2 for 1.50
- 923923 K Flip Flap (2for1.98 4 for 1.99 |
INVENTORS! Sell your invention for cash or 925 Dual 2 Inpul Gaote 1 for 1.49 2 for 1.50
royalties! Our client manufacturers eagerly seek I 927 Quad Inverter N .1 for 1.49 2 for 1.50 I
new items. Patented. Unpatented. Financial as- 930 Drual § Input Gate "\{;Unl/Nur .1 for 1.49 %:or :gg
sistance if needed. 25 years proven perform- l 933 Dual Input (;:‘m-_. Expander .1 for 1.49 or 1.
ance. For free information, write Dept. 25, Gil- 944 Dual 4 Input Tower .1 for '-4; ;:‘" :;g

y i K ‘st 945 Cloched Flip Flop ... L1 for 1.6 or 1.
bert Adams, Inv;ntlon Broker, 80 Wall St.,, New I S ()lu‘:lnl(" In;iln‘xl (;“)K, Nund/Not. B 1149 2 for 1.50 l
York, N.Y. 10005. Noeked F 2 for 1.99

. 948 Cloeked Flip Flop .. B !.98 .
_ I [ 953 2-2-3-lnput and Gate 1.6 4 for 1.70 I
EMPLOYMENT OPPORTUNITIES NTEGRATED CIRCUIT

NSIsTons 2 IO AMPLIFIER! LY |
TWO-WAY RADIO TECHS for positions in the| TRANSISTORS AUD i o ! ,
U.S. Virgin Islands, 3 hours from New York in I S' *2 :)rur:-smrs * ls)llme - 949 AMPL'F'ER t! 'i UE I
1odes ize

the Caribbean Playground. Send resume to: I5 for $1

Electronics Unlimited, P.O. Box 2326, St. Never before offered! Self-contained, integrated

[}
Dcuaranreed.' With Spec. I

Thomas, U.S. Virgin Islands 00801. Tvoe Sale Gircuit—size of a DIME! TO-5 case, ¥ leads. Use § 1ypica
5:2720262 gffl())rrssll tor phono, tape. intercom & 100’s of micromini- § ac :M:l?:?sfi 149 l
; t: RIAA PHONO PREAMP
BUSINESS OPPORTUNITIES ’ IN2368 5 for $1 ature audio circuits, mike, phono, tape. Outpu TG A TC R AT el

2N2711 5 for $1 3 to 16 ohm speaker. Compiete with data.

2N3396 5 for $1

2N3565 5forslg (12 AMP SsiLICON " SALE ON %
SN3638  sfors1| 8OO P |\ RECTIFIERS 6 IFAIRCHILD l

2N3641-3 5 for$l COUNTING “ICS”

2N3645 5 for $1

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

UTDD'."JDL [ G [0 | 0 0 A

1 MADE $40,000.00 YEAR by mailorder! Helped

Terms: add postage. Rated: net 30, cod’s

A
others make money! Start with $10.00—Free 2N3662 5 for $1 0phone Orders: Wakefield, Mass, (617) 243.3824 4
proof. Torrey, Box 318N, Ypsilanti, Mich. 48197. I 22:3328; 2 for gi Retail: 211 Alhion, St., Wakefizld, Mass. . 3 for r$1 ' $4 .95
uarantee
IANT SPRIN 0G ON: Parts, Rectifiers. L
JAPANESE Electronics New Products Monthly! §:371330.1 55'&'(111 &]“m"iimrf gé‘;:‘l.c.,"s" Equi'pmm" i'(')"g, No. Description
2N4248.9 5 for sl

P.0. BOX 942W [] 958 Decade Counterl
523%32:3 g:g:z% POLY PAKS LYNNFIELD, MASS (] 959 Quad Latch

Specimen copy $1, deductible. Dee, 10639-W
Riverside, North Hollywood Calif. 91602, ‘

FREE BOOK 999 Successful Little-Known Busi- 2N4290-1 5 for 81 01940 L} 960 Decoder-Driver
nesses.” Work home! Plymouth 445 Brook. N N NN NN SN BNS NN AN N MEN S S S S A GEu BN DN SN Sy A e
lyn, New York 11218, ‘ CIRCLE NO. 124 ON READER SERVICE CARD

MAKE BIG MONEY raising chinchillas, rabbits. DIGITAL COUNTERS FROM OUR LIST: ‘
O Hz to 220 m

uinea igs for R atalog—25¢.
g pig o c g ¢ Keeney Hewlett-Packard 524D (8 HoU” \) .( "‘)»‘\ & [ 950.00

Brothers, New Freedom, Pa. 17349. l N.E. Engrg 14-20CV (8 DOU's) & B 875.00

Beckman 7370 (8 D U ) & 757”/757|/7'i7 1 795.00

| CMC 226A (6 DU ) /700 /I'lusrins / Presealer 675.00

EARN money at home. Details $1.00. R. Gross- | | Solid-State 7 Nixie CMC 730cU & plugins - . 16506.00
| =

i EXTEND ANY 1o 12.4 GHz with IL.D. 540B . .. 375.0
man, Box 51, Winsted, Conn. 06098. Count 1 GHz: Beckfan 7370,7570/71 /72 /71 395.00

- - N 12GHz, ‘mo calculations: Treck. 7a10/7 580, ~1395.00 |
$20,000—~-%$50,000 year. Ohio Bonding School. = A
o ! OVERHAULED & CALIBRATED OSCILLOSCOPES:
7101 Lake, Elyria, Ohio 44035. Tek. 532 DC.3 wnha with 538 (3 mv 1-trace)
& D 15 mv ui Xl

30 mhiz) b . . 5

RUBBER STAMPS oty B S it 838
Tek 545A (1 model) with CA plugin ...,1170.00
Tek RMASA w/c. 1]):1\0!( rack lnlL' 345A)1&CA . .1070.00
Tek S4SB (later model) with CA plugin ... .1370.00

RUBBER ADDRESS STAMP $2.00. SIGNATURE e 'V,'g’.;{,‘ﬂ"ﬁa.'i:;""g'"‘ ey T AR 00

1 mv sensitivity . .. .. 3s
t’%i%KiFNEE’A%AI;I-AIII:(:G(;OJI?‘!?KSON' BOX 443.G, "'z{mlﬁg.fnwmlx;’uso\Anﬂuﬂ‘h(zuiqf\tr;ﬁﬁg'ﬁm?mmss.oo ® Color focus rectifiers, 14,000 P.LV. at 1
. ' BEST SHORT-WAVE RCYR FOR THE MONEY: MA, 99¢ each. 6.5 KV—79¢.
5P-600- JK(*) ultra-clean, realigned. ready to use. -
MISCELLANEOUS 40 khz tn 51 mhz cont &, Holders for 6 favorite O QO | t
:’mmn’f {6 03 AVG STy Moo "z‘gro‘b o Color TV yokes 70° & 90° types. Fit almos

| With BoOK aweasve e it e ae 8 all sets: slo_gs each.
WINEMAKERS: Free illustrated catalog of N = cizing  driftioss
yeasts, equipment. Semplex, Box 122-76, Minne- ?L??&?éxyﬂgrtdﬂ?gﬂcC(;)‘l‘lr}cct“}Ic‘Rl‘i’{:‘;wz‘!n. . d;;gcog e 1700 Transistor types—39¢ each.
apolis. Minn. 55412,

| HIGH-SENSITIVITY WIDE-BAND RECEIVER e DS-501, 2N278 power transistor types.
STOP BURGLARS THE EASY WAY! Affix au- COMMUNICATIONS e BUG DETECTION Cat. #349' 69¢ each.
thentic “'Protected by Electronic Sentry Alarm” 38-1000 MHOI §F:§EL1;R5UMLST}JDIE§ b . . .
Decals to auto windows, doors & windows of tunereonverter (V0353031 xt)fl"t;ﬁifm?l Pt T e HEP170, Motorola HV/Current epoxy sili-
home, retail stores; vending machines, etc. .'}"‘xﬁ“,n?,.«?m‘;ff}I,r i’ °>°ve|“ll./‘,tf‘x‘z*“T"hé“l‘.}."‘t.“ﬁf\‘lf{ ‘ con rectifiers, 2.5 amps at 1,000 PIV,
Whether you have an alarm or not—thieves stay an,Tinue Packed with Tench thner i Oohn TyPe N 49¢ each.
away! Only $1.00 for each set of two. J. Ross, inxpector s chec knu‘l ;mu ’lthglsnl‘\; we .m(.)ngpd f'"ffx‘a

. ed . uv a v . mhz, a . . .
7034 Kent St. Jamaica NY. 11452 Dept. EW. | | il &3t B8 i 4% B T L o ek R DpUASstoizelRL It
AS YOU SCAN THESE COLUMNS, more than E’FS.‘];\“‘L‘,}G o ,"Jl"::'"' “.;’c‘;lc'.’ﬁ‘. Ao T 'P{Z’ab"i;'.l}ﬁ sets. Cat. # UHF567, $4.95 each.
ol 3 wed

177.000 monthly buyers of ELECTRONICS || & AF outniti switch seject pass of 300 Khx of =3 o UHF tuners, 1 tube type. Fit most sets
WORLD are doing the same. These men are all it log T Canty, 07 FM! With Handbook & pwrs uners, ype. :
Electronics Professionals—individuals involved —_ Cat. #UHF3, $3.95 each.
actively in electronics from a business or hobby We buy oty to f«f’;»"’i et et Catalogs Complete listings of electronic items at similar
viewpoint—they are doubly interested in those almost’ daily, Get your =l off our photocapi

= bargain prices are available, Write for cur latest
14 ) o
. on Rt hon | AP ers & ptse e ST catalog. Minimum order $5.00, plus postage.

ARCTURUS
ELECTRONICS

CORP.
502-22nd St., Union City, N.J. 07087 Dept. EW

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 using the handy
order form printed in these columns. Or, if you
want additional information write today to: Hal

Cymes, Classified Advertising Manager, ELEC.
TRONICS WORLD, One Park Avenue, New York, n"' E' GWDHEAR' cn' lNc' et

New York 10016. REMEMBER: May issue, on Box 1120-A, Beverly Hilly, Calif. 90213
sale April 16th, closes March 1st. I Phedned: ARid 213, fice 2T2-5TOT, memages 3755342
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——GREGORY ELECTRONICS—

An Extensive Selection of
General-Electric
Progress Line 2-Way
Mobile Equipment

30-50 MHz Vibrator Power
14" Case Complete Access.

Fully narrow-band (Tx & Rx)
MA/E 13 6/12v, 30w $l78
MA/E 16 6/12v. 60w $198.
MD/Y 16N 6/12v, 60w 138
Dynamotor Power Supply 3 .
MT/16 12v, 60w
Transistor Power Supply 3228
148-174 MHz Vibrator Power
‘1:4“ Case Coraple(}e Access.

ully narrow-ban
MAJE 33 6/12v, 30w $198.
MA/E 36 6/12v, 60w
Vibrator Power Supply 3228
FA/E 33 6/12v, 30w $188.
MT/33-6/12v, 30w $228.
MT/36.6/12v, 60w $248.
lt;1’50-47(% MH'z l&);v/!igaator

ower Supply X
with accessories $l48-
MT 42 12v, 15w
Transistor Power Supply 3198

450-470 MHz General-Electric
Progress Line Accents
10 watts, 12 volts/transistor power supply; front or
rear mount. Complete accessories. Model No. EGA48S
Wide Band........... $168 Narrow Band......... $188
EG 48CF (Front)

GE Progress Line Receiver Strips 25-50 MHz
Narrow Band $45........................ Wide Band $35.

BRAND NEW

DUMONT M430RTN 450-470 MHz Special!
50-watt transistor power supply meets latest
FCC narrow-banding specifications, 5 K.C.

deviations.
$295.

IN FACTORY-SEALED CARTONS . . ..
$345.

With tone added, minus reeds ... ...

MOTOROLA X43GGV Special!

In 10" case. 150-170 MHz, 30 watts with
accessories. Transmitter N.B., receiver W.B.
Transistorized receiver power supply and vi-
brator powered. 2 freq. transmitter. Receiver
only private line, single squeich, 2

freq. receiver. $158

Reconditioned & Used FM 2-Way Radio Equipment

We Buy Late Model Equipment for Cash
SEND FOR NEW CATALOG

r GABGORY w GREGORY
ELECTRONICS
mecrmomce—  CORPORATION

249 RT. 46, Saddie Brook, N.J). 07662
Phone: (201) 489-9000

CIRCLE NO. 138 ON READER SERVICE CARD

« Don't confuse our
1st gualily tubes with

seconds & lactory rejects.
« |f not shipped in 24 hrs,
your order free!
* Free! New catalog
write today!
PT. EW-3
4217 University Ave.
ELECTRONICS EEINMI:CH Calif. 92105

100
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ADVERTISERS INDEX

READER READER
SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.
149 Arcturus Electronics ... 99 133  leader Instruments Corp. ................ 78
148 Avtomatic Electric ...ooocooeeiiiieinnn, 59 132 Lliberty Electronics, Inc. .....oceevennnnnn, 98
147 BSR oo 79 131 Mallory, P.R. & Co., Inc. ..o, 2
146 Burstein-Applebee Company ........ 85 130 Mosley Electronics, Inc. .ooeeeiiinie. 77
CREl, Home Study Div., McGraw- 129 Motorola Training Institute ........... .. 85
Hill Book Co. ..ooeevvneeeinnnis 80, 81, 82, 83 128 Multicore Sales Corp. ...........ccoooe. 54
145 Cleveland Institute of National Radio Institute ....8, 9, 10, 11
Electronics .....cccvveeennnns 70, 71, 72, 73 National Technical
150 Channel Master ................ THIRD COVER Schools ........ccoocceinniins 60, 61, 62, 63
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144 Crystek .coooviiriiiiiiiiiiieccee e, 4 124 Poly Paks ... 99
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141 Electro Products Labs ..................... 84 RCA Electronic Components &
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140 Foredom Etectric Co. .ooooevrnnininnn. 79 RCA Institutes, Inc. ........ 18, 19, 20, 21
G & G Radio Supply Co. ..o 98 123  Schober Organ Corp. ..., 17
139 General Sales Co. .....coooooiiiin. 95 122 Scott, H.H., Inc. 88
Goodheart Company, Inc., R.E. ... 99 121 Sencore, Inc. ...oocoiiviiiiii s 13
Grantham School of 120 Solid State Sales ... 96
Engineering ............... 90, 91, 92, 93 119 Sonar Radio Corp. ... 78
138 Gregory Electronics Corp. ............... 100 115 Svurplus Center ..o 96
137 Heath Company ... 66, 67 Sylvania Electric ... 1
136 JEEE .o 68 118 Telex Communications Division ...... 94
135 Johnson Company, EF. ... 22 Valparaiso Technical Institute ... 64
134 Kenzot ..occocooviiiiiiiiiiiiiiiiie e 69 117 Winegard Antenna Systems .......... 69
Lampkin Laboratories .................... 77 116 Xcelite, InC. oo, 12
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96, 97, 98, 99
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The NEW

' COLOR VECTOR

improvements -z
provide even Bl

greater power,
mounting flexibility e W s

and strength /7\
. intheworld’s
| most advanced

Color TV

antenna

CHANNEL MASTER

DIV. OF AVNET, INC., ELLENVILLE, N.Y. 12428

CIRCLE. NO. 150 ON READER SERVICE CARD.
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The brilliance of our new color
replacement tube is matched only
by the sharpness of its pictures

RGA MATRIX

Now it's easier to sell up to the best. RCA
has added brightness without sacrificing
sharpness' Here's how and why:

To produce the brightest color picture tube in
RCA's history, we developed a new phosphor-dot
screening process that incorporates a jet-black
matrix. But we didn’t stop there. We wanted a tube
that could deliver sharp, vivid pictures even in
strong room light. So, we added the brilliance of
new phosphors and deposited each red, green and
blue phosphor-dot within the black matrix. Result:
brighter pictures with no oss of contrast. Thanks to
the matrix technique, combined with our new high
resolution gun and greatlv improved phosphors, the
Matrix is also the sharpest color picture tube in

RCA'’s history. Matrix owners can turn up brightness
without “turning down" color!

Will your customers see the difference? You bet!
What's more, they'll be pre-sold on the difference—
every time they see the 1970 big-screen color sets
people are talking about! So when they need a re-
placement tube, satisty their appetite for brighter,
sharper pictures. Con’t replace their old tubes with
another *“old” tube. Give their sets new brilliance
and more vividly detailed pictures with RCA Matrix.
The Matrix Tube is 100% brighter than any previous
color picture tube manufactured by RCA.

For complete details, call your RCA Distributor.

RCA Electronic Ccmponents, m@ T—l'

Harrison, New Jersey

The RCA ZBCP22 Matrix Tube can darectly replace 25 (P22 258AP22 and also the fcilowing typss: 25A3P22 25AFP22, 255N2322, 25AP22, 25A222A,

25AQP22, 25BMP22, 25CP22, 25CP22A 256P22, 25GP22A, 25SP2, 25WP22, ¢5XP2‘/25#P22A and 252722
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