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How Come Dept.

Here’s a black and white set owner. His receiver
is in good shape.

So’s his antenna. Yet, from Channels 2 to 83, he
sees a lot of snow. How come?

Answer: That dirty, weathered flat twin-lead he’s
using.

Here's your chance to keep an old customer faith-
ful. Or to turn a new customer into a steady one.
Upgrade him to Belden 8275 Celluline lead-in.
Moisture and dirt are the bugaboos of the flat twin-
leads. But Celluline helps keep 'em out. And, by
doing so, delivers a signal over 4 times stronger on

Flat Twin-Lead
Catches Dirt & Moisture

Celluline 8275 Between Conductors

50

A Y
“““ TUBULAR
5% LEAD-IN

Percent Signal Remaining For 100’
Under Wet and Dirty Conditions

Chan. 2

Chan. 13 Chan. 14 Chan. 83

... new ideas for moving electrical energy
[l 8-7-9A

20 (7x28) | Brown

Channel 2 and 90 times stronger on Channel 83
(see chart).

Sure, Celluline costs a couple of dollars more than
flat twin-lead. But it delivers when the other’s per-
formance has gone to the dickens.

So, upgrade your customers and keep 'em happy.
Call your Belden Distributor for 8275 Celluline. He
has it in 50, 75 and 100-ft. coils. And in 250, 500
and 1000-ft. spools.

If you have customers in congested, in-city areas,
out on the fringes, in MATV equipped buildings—
or if you're talking color—your Belden Distributor
has other high-performance lead-ins that provide
the right answer to these requirements.

Remember: the right lead-in is fully as important
as a good antenna.

For a reprint of the informative magazine article, ELEC-
TRONIC CABLES, send to: Belden Corporation, P. O. Box
5070-A, Chicago, lllinois 60680.

BELDEN

Don't forget to ask them what else needs fixing?

CIRCLE NO. 150 ON READER SERVICE CARD
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_E’pecial introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

A042/500 T
NUMERICAL

CALCULATIONS it ENGINEERING
AND ynl““,u.ﬂl“" MANUAL, 2/e
ALGORITHMS : by R. H. Perry

by Beckett &
Hurt

Pub. price, $10.50
Club price, $8.95

Pub. price, $12.50
Club price, $9.95

A523/401
CHARACTERIS-

A101/094

ol TICS AND
CIRCUITS AND OPERATION OF

MOS FIELD-
EFFECT DEVICES

by P. Richman

Pub. price, $10.00
Clut price, $8.50

APPLICATIONS
by J. M. Carroll

Pub. price, $12.00
Club price, $10.25

A037/604 50
A286/507 DIGITAL LOGIC to $37-
SOLID-STATE AND COMPUTER FROM $8.95

ELECTRONICS VALUES

by R. G. Hibberd

Pub. price, $9.50
Club price, $7.95

OPERATIONS
by Baron &
Piccirilli
Pub. price, $14.50
Club price, $11.95

Special $1.00 bonus book
comes to you with your
first club selection

A423/814 AB37/377 A126/070
A287/457 PULSE, DIGITAL TRANSISTOR PRINTED
It SUCCESSFUL AND CIRCUIT CIRCUITS
3 ENGINEERING SWITCHING DESIGN HANDBOOK
wg MANAGEMENT WAVEFORMS by Texas by
§ by T. G. Hicks by Millman & Instruments, C. F. Coombs,
35 Pub. price, $8.95 Tjaub) Inc., Staff I
{

Club price, $7.25 Pub, price, $18.00

Club price, $15.3@

Pub. price, $16.50
Club price, $14.05

Pub. price, $17.75
Club price, $14.95

A610/037 A259/607
A347/506 A565/031 MODERN COMMUNICA-
T AMPLIFIER TR NICA- ENCINEERING
10
TECHNIQUES LS PRINCIPLES HANDBOOK
by P. M. Kintner YEAl=Tea by Stein & by

Pub. price, $37.50
Club price, $29.50

D. H. Hamsher

Pub. price, $29.50
Club price, $24.95

Jones

Pub. price, $15.00
Club price, $12.75

MAIL THIS COUPON TODAY

Pub. price, $12.50
Club price, $10.65

Save time and money by joining the
Electronics and Control Engineers’ Book Club

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
330 West 42nd Street, 18th fl., New York, N. Y. 10036

Please =nroll me as a member cf the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the bonus for just 31.00, and my first selection at the
special Club price shown. These books are to be shipped on ap-
proval, and T may return them both without cost or further obliga-
tion. If 1T decide to keep the books, I agree to purchase as few
as four additional books during the next two vears at special Club
prices (approximately 157 below list).

ERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

|
|
|
|
|
|
How the Club operates: Basic to the Club’s service is its publi- |
cation, the Electronics and Control Engineers’ Book Club |
Bulletin, which brings you news of books in your field. Sent to |
members without cost, it announces and describes in detail the I Write Code No. of Write Code No. of
Club’s featured book of the month as well as alternate selections | bonus book first selection
which are available at special members’ prices. : here heke
|
|
|
|
|
|
|
|
|
|

vou do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you

save both money and the trouble of searching for the best books. '

CIRCLE NO. 129 ON READER SERVICE CARD
April, 1970 1

Name

Address

City

State Zip

|
|
|
|
|
|
|
|
{
|
|
|
When you want to examine the Club’s feature of the month, I r {
|
1
|
|
|
|
|
|
|
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Electronics World
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THIS MONTH'S COVER
shows variable capacitors
used for tuning and trim-
ming. The enlarged tuned
circuit in the circle, from
E. F. Johnson Co., consists
of a milled-plate air-dielec-
tric variable capacitor
shunted by a coil. At top left
is an ITT Jennings high-
voltage (10,000-V) vacuum
capacitor. Below this is a
group of ceramic disc trim-
mers from Erie Technologi-
cal Corp. At the top right are
a couple of glass piston
trimmers along with a tuned
circuit—all from JFD. Be-
low these is a group of min-
iature air-tubular trimmers
from Johanson. At the bot-
tom right are air-plate trim-
mers from E. F. Johnson.
Photo by Dirone-Denner.
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BUY THE BEST

MARK TEN

CAPACITIVE DISCHARGE

IGNITION SYSTEM

DELTAKIT ony *29%
ASSEMBLE IT YOURSELF!

Now discover for yourself the dramatic im-
provement in performance of your car,
camper, jeep, truck, boat — any vehicle!
Delta’s remarkable electronic achievement
saves on gas, promotes better acceleration,
gives your car that zip you've always wanted.
Find out why even Detroit has finally come
around. In four years of proven reliability,
Delta’s Mark Ten has set new records of
ignition benefits. No re-wiring! Works on
literally any type of gasoline engine.

COMPARE THESE PROVEN
BENEFITS ...

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Longer

A Up to 20% Mileage Increase (saves gas)

Order Your MARK TEN Today
Shipped Postpaid at once . . .

‘PERFORM wiri
CHAMPINS

DELTA PRODUCTS, .

P.0. Box 1147 EW - Grand Junction, Colo. 81501
Enclosed is $ . 3 Ship ppd. OJ Ship C.0.D.

Please send:
] Mark Tens (Deltakit®) @ $29.85

(12 YOLT POSITIVE OR NEGATIVE GROUND ONLY)

(] Mark Tens (Assembled) @ $44.95
[ 6 Volt: Negative Ground only.

. ) Positive Ground
O 12 volt: Specify B Negative Ground
Make

Car Year.
Name.

0
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Coming Next Month

Spec:al

POWER TRANSISTORS

Feature Article

POWER
TRANSISTORS

-a Status Report

What's available now? What can we expect in the
future? Paul Franson of Motorola explains how im-
provements in production techniques, in die design,
and in packaging have resulted in better producis
and lower costs. Don’t miss this comprehensive,
up-to-the minute report.

PREDETERMINING
DECIMAL
COUNTERS

Here are details on a simple $8.50/decade circuit
that can be cascaded to divide or scale by any
number from 1-9, 1-99, or 1-999. It can be used for
counters, photo timers, lab scalers, frequency syn-
thesizers, computers, and in calculators. Three IC's
make construction easy.

ULTRA-LOW-FREQUENCY
WOOFER ENCLOSURE

A unique speaker system, which has been designed
for frec encies below 64 Hz, makes use of vibrating
side p¢ cCls and slot loading to achieve effect.

A Vocational Profile which explains what the job

DO YOU WANT TO BE
CHIEF ENGINEER
OF A RADIO STATION?

involves, along with its requirements. Because duties
are so varied, most small stations make good train-
ing grounds for step to big-time broadcasting and
telecasting. Learn how it's done.

RCA'S SOLID-STATE
COLOR CHASSIS—CTC 40

Even with an advanced horizontal sweep seciion
using SCR's, servicing problems on this color-TV
receiver chassis are not unduly complicated.

PANIC BUTTON

Do you want to have some fun? Here are two sirens
you can build—one manual, the other automatic—that
are guaranteed to panic your friends.

All these and many more
in the May

issue of ELECTRONICS WORLD . . .

interesting and informative articles will be yours
on sale April 16th.
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By FOREST H. BELT /Contributing Editor

Consumer Electronics Show Expands

Nearly 200 exhibitors will show their 1971 lines of home entertainment electronics at the annual Con-
sumer Electronics Show. This vear, the show runs from June 28 through July 1. As usual, it is at the New
York Hilton and Americana hotels in Manhattan, and EIA Consumer Products Division’s Jack Wayman
will, as usual, be programming the seminar sessions. Some would-be exhibitors haven’t yet heen accom-
modated, but show officials are looking for more room. This show gets bigger every vear, despite a few
big-name manufacturers who don’t participate. However, most of them can be found set up in nearby
hotels the same week, taking advantage of the crowds of dealers and distributors attracted by the Show.

U/V Tuners to Tune Alike

The issue of tuner “parity” has kicked around a long time. The FCC finally decided. The u.h.f. and
v.h.[. tuners in all TV sets with 9-inch screens or larger, made or sold after May 1, 1971, must tune “with
comparable ease.”” That could mean detented or switch-type wh.l. as well as v.h.f. This could hasten de-
velopment of all-electronic. diode-switched front-ends. Some RCA’s already have them. Forthcoming tun-
ers may include both bands on a single knob. such as Zenith and Sarkes Tarzian units, which provide six
Jetented w.h.{. positions. Latest word. however, is that set makers intend to petition FCC for 1-year delay.
So. users may have to struggle with their u.h.f. tuning for some time vet.

Inflation is Rampant, Except . ..

There are signs of slight checking in the wild inflation that besets today’s prices. But there’s not enough
slowdown to keep rises from overtaking repair parts for home entertainment. Receiving and picture tuhes
felt the inflationary needle recently. Price hikes ranged around 5 percent, and some twice that. Yet, there’s
no extra profit at the retail level.

Food and housing costs are still going up. so workers demand more wages. With the serious lack of
really competent technicians. the best ones are wising up and insisting on pay that matches their training
and skill. Shop owners with husiness sense are pushing repair charges upward to cover the cost of better
technicians. And that makes service costs to the consumer seem right up there on the inflation ladder.

There’s one consolation. But shop owners and technicians have to tell the customer about it or he never
knows. TV service is still a bargain. The cost of owning a TV. even with maintenance figured in, makes it
the cheapest entertainment an American family can buy. Count the hours the set is on each week, multiply
hv how many viewers watch it. multiply that by 50, and then divide these viewer-hours-per-year into half
the cost of the TV set plus the year’s repair charges. More than 20 cents an hour means you figured wrong
or you don’t watch enough TV to bother owning one. And this formula pretends the set is worn out in 2
vears, which it isn’t. Everv way you calculate, TV and repairs are real bargains.

Unfair-Laws Department

There’s a strange legislative bill pending in California. It could keep a technician from being paid for a
service call. If the customer decides not 1o have the set fixed after the technician has made a diagnosis in
the home. the would-he law savs it isn’t a true service call. The same idea applies if the set needs shop re-
pairs and the customer won't let it go. In neither case would the customer have to pay for the service call.
Such a law, if applied this way to other professions. could make a lawyer’s fee illegal unless he took the
case. The absurdity of this kind of regulation seems obvious. The technician who comes into the home
and uses his knowledge to make a diagnosis of trouble performs a useful service. This is no different {from
paving a doctor to diagnose a medical problem or paying a diagnostic car clinic to check your car.

Horizontal FM is Okay

Many FM stations. when car-radio FM got so popular, added vertical polarization. This was at some
expense, because it required a change in the transmitting antenna. But it helped reception distance in

April, 1970 5
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automobiles. It made a great improvement for car-hound listeners to stereo FAM. But vertical polarization
can soon end. What should have heen done long ago has heen done this year. Auto antennas are at last
horizontally polarized. New General Motors cars have a tiny wire dipole embedded in the windshield
glass. The dipole matches the receiver's FM input better than any whip antenna of the past. It does an okay
job for AM-—although a few owners veport they can’t hear AM stations quite as {ar awav. Insurance com-
panies approve this denial ol one more temptation to walk-by vandals; there's nothing about this new an-
tenna they can break ofl.

Hunting Old Recorder Parts?

Anyone having trouble {inding parts for old or imported record changers or tape machines shonld ask
his clectronic parts distributor about Game Industries’ cataloone 70D, You can get centerposts, drive
wheels and belts, pulleys, idlers. even battery-operated motors for inexpensive import recorders. This Free-
port. N.Y. company has an exhaustive stock to fit almost every changer or recorder ever built. 1f your
distributor doesn’t have the part you need, he can order il.

However, mechanical parts—such as trip pawls, change-cvele slides, cveling cams. ete.-<till seem to be
a problem to every technician. The only source is the manufacturer. And we hear continuing service re-
ports that even they don’t seem to have what’s needed when it’s needed. We kecp hoping to hear of jm-
provements in these parts situations, in place of mere huck-passing. Lf something effective isn’t done soon.
the problem will filter down to the consumer level. After that, the consumer-protection elements in govern-
ment will have one more victim to feed to their lions.

It Could (Does) Happen To You

The other day I was leaving a hearing of the National Product Sa fety Committee. It had heen about fire
and smoke in color-TV sets (see “Another Political Fire to Quench.” January, 1970. page 151, As [ walked
down one long corridor, the words “color TV” sifted out from behind a closed door. From the keyhole, 1
saw a man in a hard chair facing several others at a table.

A euy at the table was pointing his finger.

“You have a responsibility. Yon sell those moustrosities, and just pocket vour profits with no concern.
We can’t let vou get away with that.”

The man in the chair looked worried. He said, “But Congressman, how could we know people would try
to lift their color sets? The dealers put them down wherever the customer says.”

“That’s immaterial. These hernias have got 1o be stopped. That's the purpose ol this commitiee hearing.
k.ven a single hernia caused by a heavy color TV is too many. and our survey has turned up seventeen. Not
one—not ten-—mind you—Dhut seventeen. What do you say to that Mr. Setmaker?” His voice rose a notch
with every sentence.

“Well-—Il—well, yes—but T understand three of those were in Texas. And. .. .7

“Come on, now, sir, you're not going to try copping out on those three just hecause e sets were bigger,
are you? It won't help your case, vou know.”

“But, Congressman, theve are 25 million color sets. We Lave statistics . . . . .

“We? WLE? You don’t mean to imply you and other manufacturers are in collusion ou this thing? In
flagrant and defiant violation of the antitrust laws?”

“No. It’s just that our association uncovered some facts that ... ... .

“Look,” shouted the Congressman, “we’re not in this hearing room for your facts. We have all the lacts
we want.” He was pounding the table.

Another committee member jumped up. “IUs clear that you'll have to put a label saving every color set
can be injurious to humans.”

The first man was talking again, waving his fist in the air. “Furthermore, we’re going to require that no
color set manufactured after next week can weigh over eleven pounds. And they all must have no less than
five wheels, each one no smaller than six-and-a-half inches outside diameter and made of material that can
withstand continual pounding by a toddler or chewing by a half-arown puppy. Fach cabinet must have at
least three handles. Floor models must have a built-in hydraulic jack. And safety belts.” His voice became
eloquent. “My constituents, the American people, deserve no less than complete safety from these diabolic
cripplers.”

I began backing down the hall.

The last thing I could hear was the lame voice of Mr. Setmaker. “Well. . . . my company has made ar-
rangements for each set-owner. at no cost of course. lo receive a (ompl( te..... i#

“story. | had 1o move quick to miss

I went outside. It all sounded too much like the “smoke and fir
being run over by reporters hurrving out to file this latest “news.” A
6 SLECTRONICS WORLD
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There are now eight new SK devices to broaden
replacement coverage in AGC, horizontal deflec-
tion, vertical deflection, damper, and audio
stages of color TV; and in transmitting stages of
CB radio, amateur radio, and communications
equipment. Result: RCA now offers you a
complete system of 47 “Top-of-the-Line”
universal semiconductor replacements. Use
them with confidence in all entertainment-type
electronic equipment.

Every SK device has electrical characteristics
comparable with, or superior to, those they
replace. And in virtually all cases the recom-
mended SK replacement transistor, rectifier, or
integrated circuit can be installed without
changes in mechanical mounting arrangements,
circuit wiring, or operating conditions.

Get the SK habit. You'll save time, reduce call-
backs, and win a reputation for making your
customers’ sets look and sound like new.
Maybe even better.

For complete information, call your RCA

Distributor. “c"
RCAIElectronic Components|Harrison, N.J. 07029

8 more SKways
to repair

and forget

CIRCLE NO. 107 ON READER SERVICE CARD
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Discover the ease
and excitement of NRIl's

DIMENSIONAL
METHOD

of Electronics,Communications,
TV-Radio Training

12 HOME STUDY PLANS TO CHOOSE FROM

Practically all vocational and engineering schools
require students to conduct carefully planned
laboratory demonstrations to prove theory pre-
sented in textbooks. So does NRI. Why? Because
the only way to really learn at home . . . to recog-
nize and understand circuits . . . is to get your
hands on actual equipment, including transis-
tors, printed circuits and today’s other solid-state
devices. NRI's unique, 3-Dimensional training
method puts theory you learninto actual practice.
You learn with your hands as well as your head.
You learn by unique ‘‘discovery’ methods the
WHY of Electronics, Communications, TV-Radio
. . . WHY circuits do the things they do. NRI
training starts with carefully, condensed ‘bite-
size,” interesting books programmed with ab-

OVER 50 YEARS OF LEADERSHIP

sorbing, revealing experiments using the finest
parts money can buy. You get the kind of tech-
nical training that gives you experience equal to
many, many months of performance on the job.

Whatever yourinterest, whatever your education,
the NRI 3-Dimensional training method can fill
your needs. Learning becomes as close to being
fun as any school can make it. Tens of thousands
of men have learned the NRI way. Pick the field
of your choice and mail the postage-free card
today for your FREE NRI Color Catalog.
NATIONAL RADIO INSTITUTE, Electronics Divi-
sion, Washington, D.C. 20016.

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE NRI WAY—MAIL CARD TODAY

IN ELECTRONICS TRAINING

ELECTRONICS WORLD
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Start Fast with NRI’'s Educator-
Acclaimed Achievement Kit

The day you enroll with NRI this remarkable starter
kit is on its way to you—regardless of the course
you choose. It is specifically designed for you and
your training objective. It has one purpose—to get
you started quickly and easily. It is an outstanding
way of introducing you to NRI training methods . . .
an unparalleled *‘first dimension’' that opens the
way to new discoveries, new knowledge, new op-
portunities. The Achievement Kit is worth many
times the small payment required to start your
training. Find out more about it. Mail the postage-
free card now.

NRI ‘‘Bite-Size” Lesson Texts
Program Your Training

Reading is a necessary part of any training pro-
gram, but it takes a great deal of stamina to wade
through a 300-page technical textbook. Every NRI
course is condensed into ''bite-size’’ texts that are
simple, direct, well-illustrated, averaging an easily-
digested 40 pages. These are ‘programmed’’ with
NRI training equipment you build, experiments
you perform, to bring to life the fundamental laws
of electronics, the theory, the training of your
choice. You are always kept well supplied with these
books, NRi does not require you to *'pay as you go."’

You Get Practical Experience
With Actual Electronic
Equipment

NRI does not leave the practical side of Electronics
to your imagination. Electronics becomes a clear,
understandable force under your control as you
build, experiment, explore, discover. NRI pioneered
the concept of home-lab training equipment to
give you 3-Dimensional knowledge and experience.
Every kit is designed by NRI to demonstrate prin-
ciples you must know and understand. Kits con-
tain the most modern parts, including solid state
devices. NRI invites comparison with equipment
offered by any other school, at any price. Prove to
yourself what nearly a million NRI students could
tell you . . . that you get more for your money from
NRI. Mail pcstage-free card for your NRI Color o A o L
Catalog. No obligation. No salesman will call. / -

.
S

APPROVED UNDER GI BILL it you

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

April, 1970 n
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Our hot ones are the last to go.

The last thing you need is to be
called back a day or two after you've
replaced the sweep or high voltage
tubes in somebody’s color TV.

But, they’re usually the first to go.

Because they get so hot.

Sowe figured out how to cool them.

Now, they last a lot longer.

Take our 6JE6C/6LQ6, for ex-
ample. It’s the horizontal deflection
tube that takes such a beating when
the set gets hot.

12

Well, we’ve given it special patent-
ed radiator fins that first absorb the
heat and then radiate it out of the
tube.

Now it runs cooler and lasts longer.

Same for our 6JS6C.

Ortake our 6BK4C/6EL4A.
That’s the shunt regulator that elim-
inates runaway high voltage. We gave
this one a whole new anode and
shield design to improve heat transfer
and stability.

www.americanradiohistorv.com

Now it also runs cooler and lasts
longer.

Or take our 3A3B high voltage
rectifier. This one’s got leaded glass
for added protection. And it lasts
longer too.

So next time you have to replace
any of the hot ones, just cool it
You’ll both last longer.

SYLVANIA

GENERAL TELEPHONE &ELECTRONICS
ELECTRONICS WORLD
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HiI-FI PRODUCT REPORT

LW LAB TESTED

by Hirsch=-Houck Labs

Mcintosh MC-3500 Power Amplifier

For copy of manufacturer’s brochure, circle No. 1 on Reader Service Card.

HEN it comes to the Mclntosh

MC-3500 power amplifier, nothing
less than superlatives will do. The MC-
3500 is a basic mono power amplifier.
It is the largest, heaviest, most powerful,
and most expensive amplifier sold for
home use. Its performance is of such a
high caliber that we would have been
unable to measure it before we acquired
our Radford ultra-low-distortion oscilla-
tor and distortion analyzer.

The unit is a vacuum-tube amplifier—
one of the last of that vanishing breed
on the high-fidelity market. Transistors
that can deliver 350 watts, while they
have been made, are not vet economi-
cally practical for home audio equip-
ment, Yes, we said 350 watts—the nomi-
nal and very conservative continuous
power rating of this huge amplifier.

The amplifier weighs 125 pounds and
measures 19 inches wide by 10% inches
high by 17 inches deep. Behind its im-
posing satin-finished panel (which is
drilled for rack mounting) is a seven-

stage amplifier—push-pull throughout,
except for the cathode-follower input
stage—that culminates in eight husky
output tubes of a type (6LQ6G) normal-
ly used for deflection-amplifier service
in TV receivers. A unity-coupled penta-
filar (five-winding) output transformer,
exclusive with MeclIntosh, couples the
output tubes to load impedances switch-
able from 1 to 64 ohms. The five wind-
ings of the output transformer connect
to the cathode, plate, grid, and screen
circuits of the output tubes, plus a nega-
tive-feedback winding supplving 32 dB
of over-all feedback and an additional
6 dB in a local loop.

A large meter on the f{ront panel
serves several functions. In eight of the
twelve positions of its selector switch,
it reads the cathode currents of the out-
put tubes for setting their grid biases.
Two positions are for monitoring the
output power in decibels, relative to the
rated 350-watt output. One of them is
10 dB more sensitive than the other, so

Mcintosh MC-3500 Power Amplifier
Tandberg Model 11 Tape Recorder

that normal power levels down to a frac-
tion of a watt may be read. Another
position reads the output voltage—up to
150 volts—for laboratory applications,
where the MC-3500 can be used (in
conjunction with an oscillator) as an
ultra-low-distortion. variable-frequency
a.c. power generator. There is a gain
control on the panel—a necessity since
only 1.1 volts will drive the amplifier
to 350 watts! A muassive combination
switch/circuit breaker turns the ampli-
fier off and on. Parallel inputs with
phono and lab-type BNC connectors are
provided on both front and rear panels.
The binding-post outputs on the front
are also duplicated by screw terminals
in the rear, where there is also a switch
that rolls off the response at 6 dB per
octave below 5 Hz.

The specifications of the MC-3500 are
impressive. The output is 350 watts from
20 to 20,000 Hz, with less than 0.15
percent harmonic or IM distortion. Fre-
quency response is within 40, —3 dB
from 1 to 70,000 Hz at 1 watt. Hum and
noise are 95 dB3 below 350 watts.

We had to parallel all our oil-cooled
load resistors to handle the power of
the MC-3500. At rated power and at
half power, the harmonic distortion was
less than 0.08 percent from 20 to 20,000
Hz, and under 0.03 percent over most
of that range. At one-tenth power (a
respectable 35 watts) the distortion was
down to 0.02 percent from 70 to 20,000
Hz.

When the unit was operated at 1000
Hz into an 8-ohm load, the harmonic
distortion was between 0.01 and 0.02
percent from 1.5 to 90 watts, increasing
to 0.03 percent at 450 watts, and reach-
ing only 0.08 percent at 500 watts. The
IND distortion test merely indicated the
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In ONE Educational Program Earn BOTH Your\

F.C.C. LICENSE

And Your

A.S. E. E.

(Associate in Science in Elecironics Engincering)

residual distortion of our test instru-
ments—less than 0.07 percent from 1
watt to 350 watts. The frequency re-
sponse was *=0.1 dB from 20 to 20,000
Hz at 10 watts, and was down 3 dB at
70,000 Hz. Only 0.16 volt was needed
for 10-watts output (our standard ref-
erence power level), and hum and noise
were 73 dB below 10 watts, which is
completely inaudible.

The amplifier was cool in operation,
and quiet, even with its built-in cooling
fan. Our loads, however, heated their

oil baths to a new high. The MC-33500
clipped cleanly when overdriven and

o s ics career today, an FCC license is impor-
In an clectronics career today, an FCC license is imp showed no tendency to blow tubes or

tant — sometimes essential — but it’s not enough! Without

further education, you can’t make it to the top. Get your | TUS€S.

FCC license without fail, but don't stop there. To prepare All of this naturally raises the ques-

fur'u still gctlcr posmm: cont.muc_‘\'osk‘Jr.cIcctr;v)mcs Cdl:l- tion of why anyone would want an am-

cation and carn your Associate in Science Degreein| yep et e

Vlectronics Engingering. pllﬁg] capable of delivering iS()() watts
in his home music system. We are not

This is the common-scnse ilppI‘OH(;h f.or those who 1'eully sure, but pmperlv fnsed, verv
wint to mike both money and reputation in the expand- - -

rugged low-efficiency speakers such as
the AR-3a and Bose 901 could be used
safely—and would perform beautifully—
with the MC-3500. But under no cir-
cumstances would we advise using this
particular amplifier without a suitably
rated fuse in order to protect the loud-
speaker.

The Mcintosh MC-3500 is clearly the
ultimate in high power and low distor-
tion among amplifiers offered for home
use. (No doubt many recording engi-
neers and industrial users will also be
interested in this amplifier.—Editor) Tt
sells for 81099, which is certainly not
inexpensive for a single channel. But if
money is no object, it is safe to say that
when a pair of MC-3500’s are installed,
the amplifier can once and for all be
eliminated as a potential limiting factor
in any tvpe of music-reproduction sys-

tem. A

ing field of clectronics. Also. it makes good sense to pre-
pare for your FCC license with the School that gives |
degree credit for your license Iraining —and with the |
School that can then take you from the FCC license level |
to the Degrece level.

For

The home-sindy program which accomplishes botlt of
these objectives is the Grantham Associate-Degree Pro-
erum in Electronies Engincering. This educational pro- |
eram consists of a total of 370 correspondence lessons,
followed by u two-week period of review and c\'uluulion}
at the School, The prerequisite for enrollment is high
school graduation (or equivalent) and at feast one full
vear of experience as an clectronics technician, Upon|
completion of the first 160 correspondence lessons, you
are prepared for vour first class FCC license and radar
cndorsement. Then, upon completion of the remainder
of the progriam, you are awarded the ASEE Degree,

This accredited ASEL Degree program covers a review |
of busic electronic cireuits and systems, applied engi- |
necring mathematics (including algebra, trigonometry, |
analytic gceometry. and caleulus), classical and modern

physics. technical writing, computer systems, clectrical IRTUALLY all new components
networks, and semiconductor cireuit analysis and design. coming to us for testing have been

The ASEE Degree is awarded upon satisfactory comple-
tion of the 370 correspondence lessons and the final two-
week resideney at the School,

stereo models. In the case of tape re-
corders, mono models are still very much
on the scene, but they are almost never
meant for serious listening or profes-
Grantham School of Engincering is accredited by sional use. An impressive exception to
the Accrediting Commission of the National this rule is the Tandberg Model 11, a
Home Study Council. is approved under the G.1.| professional-quality portable mono reel-
Bill, und is authorized under the laws of the State| to-reel recorder.

of California to grant academic degrees, The Model 11 is fully transistorized,
and can be operated from a self-con-
tained battery pack from which it draws
2 to 3 watts. If ordinary dry cells are

Accreditation and G.1. Bill Approval

Grantham School of Engineering
o Established in 1951 o

6““ rn se,,

“py DR
& >, ", 1505 N. Western Ave. usgd (ten 1.5-volt D” cells are re
5 » Hollywood, Calif. 90027 qmred.), the bﬂttt‘ry life is .about 5to6
o = hours in continuous operation, or about
e & Telephone:

£s)

(213) 469-7878 20 hours if the machine is used half an

Mail the coupon below for our free Bulletin.

A
2, W
Oarg i\

Tandberg Model 11 Tape Recorder

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

hour per day. Rechargeable nickel-cad-
mium cells can also be used for long-
term economy. For a.c.-line operation,
Tandberg provides an optional battery
eliminator that physically replaces the
internal battery pack. It can also be used
externally to recharge nickel-cadmium
batteries in the recorder, through an
accessory connector. We tested the
Model 11 with the a.c. power supply
installed.

This is a half-track machine that takes
7-inch reels. It has three heads and sep-
arate recording and playback electron-
ics for off-the-tape monitoring while
recording. The microphone input, for
a 200-ohm balanced dyvnamic micro-
phone, uses a locking professional-type

EW-4.70
1505 N, Western Ave., Hollywood, Calif. 90027

Grantham School of Engineering

Please mail me your free Bulletin, which explains how
the Grantham educationu} progrim can prepare me for

| TANDBERG MODEL 11
EECORD—PLAYBACK RESPONSE

my IFCC Jicense and Associate Degree, I understand no

1

|

|

]

1

|

|

; salesman or counselor will call, 9

| % tl]
1

] Name_- Age 6 20
! u

i Address ‘ a

|

} L0505 1LY Zip

' |
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connector. Two line inputs are provid-
ed, for high- and low-level signals. Sepa-
rate recording-level controls for the
microphone and line inputs make it pos-
sible to mix signal sources.

There are two playback outputs using
miniature phone jacks. One is a monitor-
ing output for 200-ohm unbalanced
headphones; the other is a 600-ohm
balanced output. Both are controlled by
a single playback-level control. A small
built-in speaker can be switched on to
monitor either incoming or outgoing
signals, but the line oulputs are dis-
connected when the speaker is on. A
meter indicates recording level, and
when the “Play” button is depressed, it
indicates the level at the line output.
A battery-test button switches the meter
to check the condition of the batteries.

The tape-transport control is a single
lever that provides fast-forward and re-
verse when pushed right or left; nor-
mal speed is obtained by pushing it
up. A separate recording-interlock but-
ton must be pressed simultaneously to
record. The “Stop” lever starts and stops
the tape instantly without causing the
machine to switch out of the record
mode.

The three operating speeds of 17%,
334, and 7Y% in/s are selected by a rotary
switch that sets the unique electronic
speed-control circuits of the Model 11.
Precise and consistent speed is a neces-
sitv for professional applications and
when operating on batteries there is no
a.c. power line to establish the motor
speed. A very effective electronic substi-
tute was developed by Tandberg engi-
neers.

A tachometer wheel on the capstan
drive shaft generates an a.c. voltage in
a special pickup head. This voltage is
amplified, clipped, and then detected
in a ratio detector whose d.c. output
is proportional to the frequencv or to
the motor speed. The output of a sepa-
rate 20-kHz square-wave generator is
integrated to produce a triangular
waveshape which is summed with the
d.c. output of the ratio detector. The
summed voltage controls a Schmitt-
trigger circuit. the output of which is a
series of 20-kHz pulses whose width is
a function of the motor speed. The aver-
age value of these pulses, after filtering,
is a d.c. voltage whose value is a func-
tion of motor speed. After amplification,
it drives the d.c.-operated capstan-drive
motor.

This system maintains an extremely
accurate motor speed, since any tenden-
¢y for the speed to change produces a
corresponding compensating change in
the d.c. voltage that operates the motor.
For speed change, the tuning of the
ratio-detector is changed, and the motor
speed then changes accordingly to
maintain a balanced condition.

We tested the Tandberg NModel 11
with 331 type 150 tape, for which it had

April, 1970
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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,
113% 08 )AC. (An unbelievable 2% full scale accuracy on
VDC.

Want more? Look a little closer. An exclusive true zero
center scale starting at = .5V DC, DC current ranges
from 100x 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—less
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. 119 ON READER SERVICE CARD
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. Space age communication
equipment demands a crystal
that meets all standards of
technical advancement. Crystals
that were acceptable some
years ago do not meet present
day specifications. As a general
rule, your crystal must be
selected from the best quartz ...
(no throw off cuts). Tight
tolerances demand selected
angles of cut. The x-ray is

e ] important in making this
/’@I’e selection. The crystal should be
preaged with stress cycling. It
should be checked for frequency
change vs temperature change.
8 a It must be checked for optimum
spurious response. It should be

° calibrated to frequency with the
: correct oscillator. International
@[ mnce Crystals are manufactured to
meet today’s high accuracy

requirements. That's why we
guarantee all International
n ua, Z crystals against defective

materials and workmanship for
an unlimited time when used in

er Sfdls equipment for which they were
specifically made.

WRITE FOR CATALOG

.

INTERNATIONAL

CRYSTAL MFG. CO,, INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102
CIRCLE NO. 136 ON READER SERVICE CARD
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been adjusted. Its performance was well
within specifications, and was of a fully
professional caliber. At 7% in/s, the
over-all record-playback frequency re-
sponse was *=1.5 dB from 35 to 20,000
Hz, and the NAB playback frequency
response was 0.5 dB from 50 to 15,000
Hz. The unweighted signal-to-noise
ratio was 60 dB. Wow and flutter were
0.03 and 0.09 percent, respectively.

At 3% in/s, the record-playback re-
sponse was *+2.5 dB from 30 to 12,500
Hz, and the NAB playback response
was +0.4 dB from 50 to 7500 Hz. The
signal-to-noise ratio was 59 dB, and
wow and flutter were 0.5 and 0.1 per-
cent, respectively. The 1% in/s speed
produced very listenable quality, al-
though with a somewhat restricted fre-
quency response of =2 dB from 40 to
6500 Hz. The signal-to-noise ratio was
about the same as it was for 334 in/s.

The “High” line input required 0.12
volt and the “Low” required 3.4 milli-
volts for a 0-dB recording level. At 0 dB,
the over-all distortion was 2.4 percent.
dropping to less than 1 percent at —10
dB. The maximum line output before
clipping was 3.3 volts. In wind and re-
wind, about 2 minutes were required to
handle 1200 feet of tape. The normal
operating speeds were exact, as deter-
mined by a tape stroboscope.

The Model 11 is not for the casual
hobbyvist, but should be an excellent
choice for recording interviews for
broadcast (the built-in switchable auto-
matic level control will be useful) or
other field operations where the weight
and bulk of conventional professional
recorders would be proliibitive. Its per-
formance, hoth mechanical and electri-
cal, leaves nothing to be desired for such
applications. The unit measures 4 x 10
X 13 inches and weighs 12.1 pounds
with batteries.

The Tandberg Nlodel 11 sells for
$449.50. A full-track unit and a pilot-
tone version for motion-picture sound
synchronizers are also available. The
optional a.c. power supply is $44.95.
and a leather carrving case with shoul-
der strap is $29.95. A

‘‘Don’t worry about my husband . . he's out
back fooling with his crazy closed-circuit TV
gadget.”’

ELECTRONICS WORLD
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New 18th Edition of the famous E & E
RADIO HANDBOOK

by WILLIAM 1. ORR, W6SAT. Completely up-
dated edition of the famous communications
handbook which is the electronics industry
standard for engineers, technicians and ad-
vanced amateurs. Explains in authoritative
detail how to design and build all types of
radiocommunications equipment. Includes
SSB design and equipment, RTTY circuits,
latest semiconductor circuits and IC’s, as
well as special-purpose and computer cir-
cuitry. Order 24020, only. ... ... .. $13.50

New 13th Edition of the famous
TUBE SUBSTITUTION HANDBOOK

Lists over 12,000 direct substitutions. A
complete guldc to substitutions for receiv-
ing, picture tube, miniature, industrial, and
communications types; also includes forelgn
tubes. Tells how and when to make proper
substitutions.

Order 20769, Twin-Pak (regular size for
bench use; pocket size for caddy) both for
only. . ... . $2.
Order 20768, shop edition, only.. ... $1.75

Color-TV Trouble Clues, Vol. 3

by HOWARD W. SAMS EDITORIAL STAFF.
Helps speed diagnosis of color-TV troubles.
Tells how to get right to the heart of the
problem, how to make positive checks, how
to use meaningful clues for quick trouble-
shooting. Supplements popular carlier vol-
umes, but contains all-new material, espe-
cially on late-model color chassis.

Order 20762, 0nly. . . ... ... ..... $3.50

ABC’s of Voltage-Dependent Resistors
The Voltage-Dependent Resistor (VDR) is
relatively unknown, and its advantages
have gone largely unrecognized and unused.
This book explains in simple language the
principles of VDR’s, and describes the many
types available, and how they are used in

a variety of applications.
Order 20771, 0nly. . .. ............ $2.95

SWL Antenna Construction Projects

Provides detailed information on how to
construct 35 different antennas for improved
short-wave reception. Explains basic an-
tenna principles and then presents the con-
struction projects which fall into six basic
classes of design. Order 207686, only . $2.95

Auto Radio Servicing Made Easy
2nd Ed. Explains the circuitry of both new
and old auto radios, covering each of the
tube and transistor stages. Provides step-
by-step troubleshooting and repair details;
explains how to eliminate noise and inter-
ference, and how to make proper adjust-
ments. Order 20719, only. . ... ... .. $3.95

April, 1970

THIS IS ELECTRONICS Series

by ITT EDUCATIONAL SERVICES, INC.
These books provide a remarkable in-
troduction to electronics, imparting to
any reader a clear understanding of
the basics of this vital technology. All
topicsare covered and readily mastered.

Vol. 1. Basic D-C Principles

Covers electronics—past and present;
electronic components and symbols;
matter and electricity; current, volt-
age, and resistance; series and parallel
circuits; conductors, semi-conductors,
and insulators; resistors; and sources
of d-c power.

Order 20657, only . .. ... ... ... $5.95

Vol. 2. Basic A-C Principles

Covers alternating voltage and cur-
rent; capac1tors and capacitive react-
ance; magnetism and clectromagne-
tism; electrical measuring instruments;
and inductors and inductive reactance.
Order 20727, 0nly . ... ... ... $6.95

Vol. 3. Circuits

A-c and d-c principles and components
are used to illustrate how vacuum
tubes and semi-conductors operate.
Various amplifier and oscillator cir-
cuits of both tube and transistor types
are fully described.

Order 20759, only . . ... ... ... $6.95

Vol. 4. Applications

This volume explains how amplifier
and oscillator circuits are used in
actual applications. Explains prin-
ciples of modulation, broadcast re-
ceiver fundamentals, a-m and f-m
receiver circuits, etc.

Order 20760, only . ... ... .. $5.95
4-Vol. Set. Order 20761, only. '$23.50

Record Changer Servicing Guide

Provides a complete understanding of
record changers, how they operate, and the
various systems employed. Provides de-
tailed instructions on how to track down
troubles encountered in record changers and
how to repair them in the fastest and most
effective way. Order 20730, only....$3.95

Electronic Organs—Vol. 2

Explains the fundamental principles of clec-
tronic organs, including theory. develop-
ment, features and opceration. In block
diagram and schematic illustrations, the
book shows what is inside an organ.

Order 20754, 0nly. .. ............. $5.50

SAMS Books for every electronics interest

Color-TV Waveform Analysis

This book provides both the theoretical and
the practical knowledge of waveform anal-
ysis essential for profitable and efficient
color TV servicing. It begins with the rf
and i-f sections, and proceeds through the
video-amplifier, bandpass-amplifier, color-
sync, color-demodulator, and matrix cir-
cuits. Also includes a full discussion of
vectorgrams. Order 20763, only.. . .$3.50

ABC's of Thermistors

Explains in detail this simple, but extremely
useful solid-state device with which many
technicians are unfamiliar. Discusses ther-
mistor fundamentals, instrument applica-
tions, control and alarm applications,
ampllﬁer and oscillator applications, ther-
mistors in communications, and supple-
mentary circuits.

Order 20765, 0nly. ... ............ $2.95

101 Questions & Answers About
Hi-Fi and Stereo

A practical and uscful reference book ex-
plaining the essential facts about hi-fi and
sterco, with important help on trouble-
shootmg and maintenance. The six sections
of the book cover: high-fidelity systems;
amplifiers; tuners; record and tape players;
maintenance and troubleshooting proce-

dures. Order 20753, only...........$3.50
Amateur Radio Incentive Licensing
Study Guide

Fully explains the new incentive licensing
which affects both newcomers and old-
timers. Covers all the new FCC Regula-
tions and band allocations. Includes sample
exams for Novice, Technician, Conditional,
and General- Advanced- and Extra-Class
licensing. Order 24004, only... ... .. $2.75

Space-Flight Simulation Technology

Presented as a primer covering the contri-
butions, capabilities, and future potenti-
alities of a very rapidly expanding industry.
Deals in detail with simulation and the
simulator-—a training innovation without
which manned space flight would be im-
possible. Order 20756, only. .. .. .... $4.95

How to Use Integrated
Circuit Logic Elements

Written for the engineer or technician who
has not previously used or designed digital
logic circuits. Also, clectronic hobbyists will
find this book intercsting and understand-
able and will appreciate the fascinating logic
circuits dealt with in the material.

Order 20755, 0nly. . . .. ... .. ..... $3.95

———————— HOWARD W. SAMS & €CO., INC.. — — — — — — — -

| |
| Order from any Electronic Parts Distributor, or 24020 [ 20760 |
[ mail to Howard W. Sams & Co., Inc., Dept. EW-4 []120769 | 20761 |
| 4300 W. 62nd St., Indianapolis, Ind. 46268 | 120768 ;20730 |
| Send books checked at right. $ enclosed. L 120762 | 20754 |
| 7] Send FREE 1970 Sams Book Catalog | 120771 [, 20763

. 20766 | 20765 |
| Neme —  Sany 0053 |
| 120657 [ 124004 |
| Address —— 20027 20756
| - State L 120799 [ 20755 |
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50 functions in a single chip. The functions of 50 séparate transistors,
diodes, resistors and capacitors can now be performed by the tiny
dot in the center of the integrated circuit held by the tweezers.

The “Chip” ...will it make or break

your future job?

THE DEVELOPMENT OF INTEGRATED CIRCUITRY is
the dawn of a new age of electronic miracles. It means
that many of today’s job skills soon will be no longer
needed. At the same time it opens the door to thousands
of exciting new job opportunities for technicians solidly
grounded in electronics fundamentals. Read here what
you need to know ta cash in on the gigantic coming
boom, and how you can learn it right at home.

INY ELECTRONIC “CHIPS,” each no bigger than the head

of a pin, are bringing about a fantastic new Industrial
Revolution. The time is near at hand when “chips” may save
your life, balance your checkbook, and land a man on the
moon.

Chips may also put you out of a job...or intc a better one.

“One thing is certain,” said The New York Times recently.
“Chips will unalterably change our lives and the lives of our
children probably far beyond recognition.”

A single chip or miniature integrated circuit can perform
the function of 20 transistors, 18 resistors, and 2 capacitors.

Yet it is so small that a thimbleful can hold enough circuitry
for a dozen computers or a thousand radios.

Miniature Miracles of Today and Tomorrow

Already, as a result, a two-way radio can now be fitted inside
a signet ring. A complete hearing aid can be worn entirely
inside the ear. There is 2 new desk-top computer, no bigger
than a typewriter yet capable of 166,000 operations per sec-
ond. And it is almost possible to put the entire circuitry of a
color television set inside a man’s wristwatch case.

And this is only the beginning!

Soon kitchen computers may keep the housewife’s refrig-
erator stocked, her menus planned, and her calories counted.

Money may become obsolete. Instead you will simply
carry an electronic charge account card. Your employer will
credit your account after each week’s work and merchants
will charge each of your purchases against it.

When your telephone rings and nobody’s home, your call
will automatically be switched to the phone where you can
be reached.

ELECTRONICS WORLD
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Doctors will be able to examine you internally by watch-
ing a TV screen while a pill-size camera passes through your
digestive tract.

New Opportunities for Trained Men

What does all this mean to someone working in Electronics
who never went beyond high school? It means the oppor-
tunity of a lifetime—if you take advantage of it.

It’s true that the “chip” may make a lot of manual skills
no longer necessary.

But at the same time the booming sales of articles and
equipment using integrated circuitry has created a tremen-
dous demand for trained electronics personnel to help de-
sign, manufacture, test, operate, and service all these
marvels.

There simply aren’t enough college-trained engineers to
go around. So men with a high school education who have
mastered the fundamentals of electronics theory are being
begged to accept really interesting, high-pay jobs as engi-
neering aides, junior engineers, and field engineers.

How To Get the Training You Need

You can get the up-to-date training in electronics fundamen-
tals that you need through a carefully chosen home study
course. In fact, some authorities feel that a home study
course is the best way. “By its very nature,” stated one elec-
tronics publication recently, “home study develops your
ability to analyze and extract information as well as to
strengthen your sense of responsibility and initiative.” These
are qualities every employer is always looking for.

If you do decide to advance your career through spare-
time study at home, it makes sense to pick an electronics
school that specializes in the home study method. Electron-
ics is complicated enough without trying to learn it from
lessons designed for the classroom instead of correspondence
training.

The Cleveland Institute of Electronics has everything
you're looking for. We teach only Electronics—no other sub-
jects. And our courses are designed especially for home
study. We have spent over 30 years perfecting techniques
that make learning Electronics at home easy, even for those
who previously had trouble studying.

Your instructor gives your assignments his undivided per-
sonal attention. He not only grades your work, he analyzes
it. And he mails back his corrections and comments the same
day he gets your lessons, so you read his notations while
everything is still fresh in your mind.

Always Up-to-Date

Because of rapid developments in Electronics, CIE courses
are constantly being revised. Students receive the most recent
revised material as they progress through their courses. This
year, for example, CIE students are receiving exclusive up-
to-the-minute lessons in Microminiaturization, Logical
Troubleshooting, Laser Theory and Application, Single Side-
band Techniques, Pulse Theory and Application, and Boo-
lean Algebra. For this reason CIE courses are invaluable not
only to newcomers in Electronics but also for “old timers”
who need a refresher course in current developments.

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

Tiny TV camera for
space and military use
is one of the miracles
of integrated circuitry.
This one weighs 27
ounces, uses a one-
inch vidicon camera
tube, and requires only
four watts of power.

Get FCC License or Money Back

No matter what kind of job you want in Electronics, you
ought to have your Government FCC License. It’s accepted
everywhere as proof of your education in Electronics. And
no wonder—the Government licensing exam is tough. So
tough, in fact, that without CIE training, two out of every
three men who take the exam fail.

But better than 9 out of every 10 CIE graduates who take
the exam pass it.

This has made it possible to back our FCC License courses
with this famous Warranty: you must pass your FCC exam
upon completion of the course or your tuition is refunded
in full.

Mail Card for Two FREE Books

Want to know more? The postpaid reply card bound in here
will bring you a FREE copy of our school catalog describing
today’s opportunities in Electronics, our teaching methods,
and our courses, together with our special booklet on how
to get a commercial FCC License. If card is missing, use the

-coupon below.

£
CI Cleveland Institute
of Electronics

1776 East 17th Street, Cleveland Ohio 44114

New

COLLEGE-

Cleveiand Institute of Electronics
1776 East 17th St., Cleveland, Ohio 44114
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
prepare me for them.

2. Your book on ‘‘How To Get A Commercial FCC
License.”

LEVEL I am especially interested in:
O Electronics O Electronic

CDURSE IN Technology Communications

|

|

|

|

|

|

|

|

|

|

|

:

I O Broadcast O Industrial Electronics

ELECTRDNICS : Engineering and Automation

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

ENGINEERING 1 O Firstciass O Electronics
for men with prior ex- FCC License Engineering
perience in Electron-

ics. Covers steady- Name

state and transient (please print)
network tI!eory. sol_id Address

state physics and cir-

cuitry pulse tech- i

niques, computer fogic City

and mathematics

through calculus. A | State Zip Age

[J Check here for G.I. Bill Information.

Accredited Member National Home Study Council
A Leader in Electronics Traiping...Since 1934

college-level course
for men aiready work-
ing in Electronics.
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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:
* Component and Circuit
Design Engineers
* Automation Engineers
» Chemical 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 your resumé in con-
fidence to:

Bruce Bullock
Professional Employment Representative

AUTOMATIC ELECTRIC

Subsidiary of General Telephone
& Electronics

400 North Wolf Rd., Northlake, IIl. 60164

An Equal Opportunity Employer
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FOUR-CHANNEL STEREO
To the Editors:

On June 2, 1964 1 filed a patent ap-
plication entitled “Monoaxial Quadra-
phonic Recording System,” and received
patent number 3,375,329 dated March
26. 1968. An abstract of the disclosure
follows: “A method for recording and
reproducing sound for creating a true
environmental transposition of a given
audio situation in which a quadrangular
arrangement of microphones defining a
plane is positioned in an overlving and
swrrounding relationship with respect to
the audio sound stage from which a
source of sound originates . . .”

My patent describes a method of re-
producing the precise acoustical geom-
etry of the sound stage by sampling the
outputs of microphones surrounding the
action, feeding the sampled output into
a single-channel amplifier, and record-
ing or transmitting the information re-
ceived. Recovery embraces the inverse
progression whereby the quadrangular
placement of loudspeakers complements
the microphone placement, and the out-
put of microphone #1 is received only
by loudspeuaker #1, ete.

The rewarding virtue of such a single-
channel system is that the phase-ampli-
tude relationship throughout the trans-
| position cannot be altered by any means.
An increase or decrease in amplitude
affects all relationships equally. A fur-
| ther advantage is that no FCC regula-

tions are required. Picked up by an
ordinary radio or TV receiver, straight
| monophonic reproduction is heard.
| RoBERT PrOUTY
Olney, Md.

| There are a good many patents extant
for carious systems providing multi-
| channel stereo. It will be interesting to
see which one, if any, of them will be
used in the finally accepted 4-channel
system. No doubt, compatibility with
2-channel stereo and with mono will
be an important prerequisite for any
| 4-channel method.—Editors
* * *
ELECTRONICS AND PLANTS
‘ To the Editors:

I was happy to see the article “Elec-
| tronics and the Living Plant” in the Oc-
| tober issue. Enough work has been done
in this field by groups and individual
| experimenters, from the University of
| Alberta to the Presidency College of Cal-
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cutta, to assure us there is an important
and practically untapped field of knowl-
edge here.

One of the reasons for the lack of
progress in this field is the fantastic dif-
ficulty of the subject. Not only are there
350,000 species of plants, but they can
be subjected to an almost unlimited
number of combinations of signal
strengths and frequencies, from the
fringe of the perceptible to the lethal,
and from d.c. to light. Their response—
as we have learned from the poinsettia—
may be to narrow frequency bands and
voltage ranges. Even audio—music—has
been reported to have an effect on the
growth of grain.

Another reason is the lack of commu-
nication. Many experimenters have been
quite unaware of what others were do-
ing, or indeed that any others were
working in the field. This article should
stimulate intercommunication, and the
references may open new doors to some.

I did regret that no mention was made
of possibly the first serious worker in
this field, Sir Jagadis Chandra Bose.
After distinguishing himself in wireless
research in the ’90’s, he devoted the rest
of his life to the study of plants. His re-
sults were so far in advance of his time
that good orthodox scientists shunned
him as a “mystic” and even suspected
his mental competence.

Is it possible that the ostracism he
suffered at that time has caused him to
be forgotten entirely? If so, researchers
would do well to look up his “Response
in the Living and Non-Living” and
“Plant Response.” Some of his less-
known (and later) books might be even
more important, and the ingenious in-
struments that gained him envious
praise from persons who could not ac-
cept his conclusions might still be useful.

Now that the times have caught up
with him, modern researchers may not
find him so “far out.” Indeed, they may
have surpassed him. Though Dr. Bose
suggested that plants might be sentient
beings, he never went so far as to claim
extra-sensory perception for them!

FrRED SHUNAMAN
Plainfield, N. J.
* * *
PRINTED-CIRCUIT REPAIR KITS
To the Editors:

In the October issue of ELECTRON-
1cs WorLp Mr. Sal DiNuzzo, in his
article entitled “Printed Circuit Tech-

ELECTRONICS WORLD
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nology,” wrote on page 41: “Repair
kits are available which not only con-
tain unique tools but also such items
as copper foil, epoxy cement, conduc-
tive cement, conductive epoxies, eye-
lets, solvents, swabs, and other special
items.”
I would appreciate your sending the
addresses of manufacturers of such kits.
JoeEL T. WHITE, ]r.
Monticello, Miss.

The repair kits referred to were made
by Hazeltine especially for their own use
and are not commercially available.
There are some military repair kits avail-
able but here again these are strictly for
military applications. We're sorry we do
not know of any commercially available
repair  kits, although as our article
“Printed Circuit Kits For Short Runs”
indicated, there are quite a few printed
circuit kits currently on the market—
Editors

* * *

IC 12- TO 6-V CONVERTER
To the Editors:

With reference to my article in the
January, 1970 issue on the converter for
12 to 6 V (p. 68), several of vour read-
ers have pointed out that we did not
show values of resistors R1 and R2
either in Fig. 2 or in the text. The proper
values are as follows: R1 is 330 ohms
and R2 is 220 ohms.

E. A. Sack, V. P./Gen. Mgr.
Integrated Circuits Div.
General Instrument Corp.
Hicksville, N. Y.

* * *
ELECTROMAGNETIC SPECTRUM CHART
To the Editors:

I enjoyed your Electromagnetic Spec-
trum Chart in the January, 1970 issue
(p. 37) of ELEcTRONICS WORLD very
much. It is a beautiful chart. However,
there was a small typographical error;
namely, “hard” and “soft” should be
interchanged as follows: Soft—X-rays—
Hard, since hard x-rays are the more
penetrating ones.

If you have some of these charts avail-
able for distribution, I would appreciate
having some for showing to my students.

YsBranp HAVEN, Prof. of Physics
Wake Forest Univ.
Winston-Salem, N. C.

Thanks to Prof. Haven and to all the
other readers who found this chart use-
ful in spite of the transposition of the
words “hard” and “soft.” We are sorry
that we do not have for distribution ex-
tra copies of the Spectrum Chart or the
Sound Chart on reverse side.—Editors.

* * *
DUAL 1219 PRICE CHANGE

The price that was given in our Feb-
ruary lab-tested report on the Dual 1219
automatic turntable is no longer correct
(page 69). The present price of the unit
is $175 plus the base. A
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World Famous
Simpson 260°
Millions now

in use!

« SELF-SHIELDING, SHOCK PROOF . ..

accuracy and repeatability.

¢ VARISTOR PROTECTED against even 200,000% overloads.
¢ RUGGED DEPENDABILITY that has no equal.

New Taut Band 260”"-5 complete with test

for outstanding

leads, batteries, and 40-page operator’'s manual. ... $65.00

New Taut Band 260°-5M with anti-parallax mirror scale

and knife-edge pointer ........... .o i . $67.00

New Taut Band 260%-5P with circuit breaker overload
protection of VOM circuitry . ... oottt

| ¥ N .
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& N GET "OFF-THE-SHELF” DELIVERY FROM
[ YOUR LOCAL ELECTRONIC DISTRIBUTOR
(n_,&-:_
o
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5200 W. Kinzie Street, Chicago, Illinois 60644 « Phone (312) 379-1121

Export Dept: 400 W. Madison Street, Chicago, lllinois 60606. Cable Simelco
IN CANADA: Bach-Simpson Ltd., London, Ontario » IN INDIA: Ruttonsha-Simpson

Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
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INSTALL
FOUR...

TAKES TO INSTALL
ONE
MICROPHONE

TIE IT NOW |-
¥,

ias - hE
Install multiple microphones as
quickly as you can plug them into
the Shure M68 Microphone Mix-
er. No splicing or soldering, no
need to change impedances.
Makes it easy to achieve Total
Communications*.
(* A superior sound installation in
which everybody who needs a
microghone has one at his finger-
tips.)

MICROPHONE

MIXER

+..YOUR KEY TO TOTAL COMMUNICATIONS

© 1967 Shure Brothers, Inc.
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OPERATE
FOUR...

EASILY AND
COMPETENTLY AS
ONE

MICROPHONE

S

The Shure M68 Microphone Mixer
enables you to teach inexperi-
enced users how to operate a mul-
tiple-microphone sound system in
seconds! It is your best tool for
selling Total Communications®.
(* A superior sound system in
which everybody who needs a
microphone has one at his finger-
tips.)

MICROPHONE
MIXER

+..YOUR KEY TO TOTAL COMMUNICATIONS
© 1967 Shure Brothers, Inc.
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MIX
FOUR...

MICROPHONES

... WITH ONE
VOLUME CONTROL
FOR EACH
MICROPHONE AND
ONE MASTER
VOLUME CONTROL

et S A
Shure M68 Microphone Mixers
can be stacked and intercon-
nected to accommodate virtually
any number of microphones re-
gardless of impedance. They are
unusually compact, singularly
flexible, and modest in cost. They
make Total Communications a
practical reality.

MICROPHONE

MIXER

...YOUR KEY TO TOTAL COMMUNICATIONS

SHURE BROTHERS, INC., 222 HARTREY AVE.
EVANSTON, ILL. 60204

© 1967 Shure Srothers. Inc.
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Radar-Controlled Brakes

Bentley Associates of Chelmsford, Mass. has developed
a radar-controlled braking system for automobiles that may
put tailgaters out of business. Working on principle of Dop-
pler radar, the system (depending on closure rate between
car and object in front) operates vacuum-powered brake
controls and throttle linkage; accordingly, higher closure
rates cause longer braking durations than slower closure
rates. System reaction time, measured in milliseconds, will
keep vehicle at least one car length behind car in front and
stop vehicle 8 to 10 feet from stationary objects. An audio
beeper that warns driver of braking action and an over-
riding feature that cuts out all but beeper, allowing driver to
pass slower objects, is included. Unit can be operated in
either a high-speed (“country”) or slow-speed (“city”)
mode. Transportation Secretary John A. Volpe has said
that “. . . | think that it could potentially save a great many
lives in this country.” Device now costs $800 but can be
reduced to $200 through mass production.

Navigators Obsolescent?

When first 747 superjet took off for London from N.Y. in
January it was guided across Atlantic by an inertial naviga-
tion system similar to the one that took our astronauts to
moon and back last year. Applying space-age technology
to commercial applications, General Motors’ AC Electronics
Div. created the Carousel IV inertial navigation system that
can automatically steer aircraft, from starting point to desti-
nation, without radio, radar, magnetic aids, or the sun and
stars. System supplies a multitude of information such as:
instant position, distance and time to destination, wind
speed and direction, etc. Extreme accuracy of system (five
times better than standard form of transoceanic navigation)
aids in shortening flight time and saving fuel. It also offers
the possibility of narrowing the air corridors over oceans
from the present 120-mile spacing to 60 miles—with safety.

Computer Time Sharing

Despite the slowing trends forecast for the computer
hardware industry, computer-time-sharing sales, which grew
from $80 million in 1968 to about $150 million in 1969, will
probably double in 1970. Long-time projections indicate that
by 1972 sales should reach $1 billion and exceed $2 billion
by 1975.

Electronic Roll Call

An automatic vehicle monitoring system that can elec-
tronically identify and locate the position of over 1000 trans-
ponder-equipped vehicles in a matter of seconds has been
developed by Hazeltine Corp. of Little Neck, N.Y. According
to James W. Evans, vice-president of the firm’s Industrial
Products Div., this system will help alleviate congestion on
city-agency and transportation-system radio voice channels
in large urban areas. Upon receipt of a synchronizing signal
from a central transmitter, each vehicle responds sequential-
ly by transmitting a digitally coded pulse train at a frequency
of 1000 MHz (L-band) to fixed receiving stations. Part of the
pulse train is used by two pairs of these receiving stations
to mathematically determine vehicle’s position. This is then
fed back to the central control station, together with the rest
of the pulse train containing such digitally coded information
as operational status, output of a passenger counter, or need
for emergency assistance, to be processed by computer and
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displayed. In a previous experiment conducted in a densely
packed 1-square-mile high-rise area in midtown New York
City, involving 274 individual tests, the error was less than
300 feet in 95% of the cases and less than 175 feet in 77%
of the cases. Recently we witnessed a similar demonstration
here in New York and were impressed with the results.
System lends itself to such applications as: freight cars and
passenger trains, police cars, ambulances, taxi fleets, cabs,
delivery trucks, etc.

Monitoring the Monitor

Tedium experienced by guards with constant vigilance of
security system monitors can now be eliminated. GBC
Closed Circuit TV Corp., N. Y. has come up with a motion
detector, called the VS-101 Video Sensor, which lights a
lamp or rings an alarm or siren to alert a guard to watch
TV monitor when any unauthorized or unusual movement
of light occurs on TV screen. Sensor uses two tiny sensing
units which stick to front of monitor and can be positiocned
to monitor entire screen, or to concentrate on a particular
area or jitem such as safe or file cabinet.

Ersatz Moondust

You don’t have to go to the moon to have your own moon-
dust. Edmund Scientific of Barrington, N. J. has come up
with a product called “Moondust” that is so much like the
real lunar soil that leading experts, using an 80-power micro-
scope, can not tell them apart. Although chemically different,
the physically similar properties suggest a myriad of uses
for checking effects of lunar soil and dust on equipment
destined to be used on moon’'s surface. For example,
“Moondust” could be used to determine whether such in-
struments as sensitive gages, computers, and computer parts
are “'moondust-proof.” And then again, wouldn’t having
your own moondust be a tremendous conversation piece?
“Moondust” is available direct from Edmund.

Search for Blind “Readers”’

Unknown to many, one of the programs of Library of Con-
gress is to look after “‘reading” needs of the blind. Program
includes Braille books and “Talking Book" long-playing rec-
ords and machines on which to play them. Recently, the Divi-
sion for the Blind and Physically Handicapped, administrators
of the program, purchased 10,000 GE portable cassette re-
corders to give handicapped persons opportunity to enjoy
benefits of talking books while traveling or away-from-home
situations. Although 1000 new ‘“readers’” are added each
month, only 20°%6 of those eligible are reached. Goal of Divi-
sion’s public information program is to reach remaining 80%o.

Electronics a’Sea

Chris-Craft Corp. recently introduced its new integrated
marine electronics system, which consists of standardized
navigation and communications equipment designed specif-
ically for the boat and vice versa. An impressive array of
equipment, including depth sounder, automatic pilot, automat-
ic direction finder, 150-watt AM radiotelephone, and v.h.f.-FM
radiotelephone, are set up like the flight deck of a jetliner
rather than with the usual back-of-the-store workbench ap-
pearance which is characteristic in the boating industry
today. The ice is broken and hopefully the rest of the boat-
ing industry will follow suit, providing added safety and
increasing the range and enjoyment of cruising. A
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Set 'em up...
anywhere!

These days when tiny TV’s and FM radios are the
rage and everybody wants one, you’ve probably
had people asking you about master antenna systems
to plug them into.

Well, stop turning them away — all you need is the
Channel Master Home MATV Kit!

The Channel Master complete kit makes professional
quality home MATV systems faster and easier to
install than you’d think. We've included the indus-
try’s finest VHF/UHF/FM amplifier, four outlets,
and all necessary hardware, wire and equipment
needed (for 300 or 75 ohm installations) to watch
TV upstairs, downstairs, in the cellar ... or for
those special occasions ... in the doghouse.

And, all it takes to do it is the tools in any tool
kit. So go ahead and set ‘em up anywhere ... and
start enjoying TV!

CHANNEL MASTER

DIVISION OF AVNET, INC., ELLENVILLE, N.y, 12428
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Conductive mannequin
head used in electronic
dream experiments to
simulate electrical sur-
face properties of cra-
nium. Technician is
shown taking skin and
related measurements.
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Electronics
and

Parapsychology

By L. GEORGE LAWRENCE

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 1o unleash this “natural” ability in man.

ARAPSYCHOLOGY, or psychic research, deals with

the world of “psi.” Extrasensory perception (ESP), psy-

chokinesis (PK), and other mind-based phenomena are
its way stations. Long suspect because of an occult back-
ground, the field continues to fight for a secure pluce among
the accepted sciences; but some progress has been made. To-
day, the application of electronic instruments to this unique
area has permitted dramatic experiments and brought forth a
few stunning discoveries of excellent promise, which has
prompted those most active in this field to predict that, in
time, parapsychological methods might well rival the orthodox
communications arts and sciences currently in use. Of course,
due caution is suggested.

Its Beginning

Critical experiments in parapsychology started in the sec-
ond half of the 19th century. The “Society for Psvchic Re-
search,” founded in 1882 in London, first used scientific
methods for its studies, dissociating psychic phenomena

April, 1970

from superstition, spiritualism, and the various “medium-
ships: so fashionable at that time. Later, in 1906, Dr. Dun-
can MacDougall of Massachusetts General Hospital detect-
ed a small loss of weight at the instant of human death.
Around 1930, Dr. William McDougall established a re-
search group at Duke University, which attained consider-
able prominence under Dr. J. B. Rhine. To date, only
a handful of university-connected ESP labs exist throughout
the world; the oldest is at the State University of Utrecht in
Holland, the newest at Andhra University in India. The bulk
of research is carried on by interested individuals, private
groups, and ad hoc societies.

Concepts

The need for machine systems, capable of testing for ESP
and PK in an unbiased, impartial manner, was recognized at
an early date. It was the Italian scientist F. Cazzamalli who
developed, around 1923, a u.h.f.-tvpe of apparatus for testing
human telepathy.
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Fig. 1. Setup used by ltalian scientist, Prof. Cazzamalli to do
human telepathy research. An r.f.-beat signal was produced
at receiver when transmitter and emotionally stimulated human
brain radiate at near-identical electromagnetic wavelengths.

IMAGE OF HUSBAND'S EX-FIANCEE

Fig. 2. Experiment performed to show evidence of "'psi’’ bond
between emotionally knit human subjects. EEG and cardiovas-
cular tracings are identical for both husband and wife although
image of husband’s ex-fiancée is shown only to the hushend.

Fig. 3. Color centrifuge equipment used to confirm existence
of psi fields. With experimenter concentrating on an image on
o separate card, while directing his thoughts on the card con-
taining drops of paint, an identical or quasi-identical image of
the original should be produced when the motor is energized.

PAINT-LOADING HOLE

TOP ELECTRODE

CARD
DROPS OF PAINT

MOTOR, A.C., 1700 + R.PM.

HIGH -
VOLTAGE
SUPPLY + MOMENTARY

P.S.T.
PUSHBUTTON

%5
GROUNDING
SWITCH n7v A.c.

As shown in Iig. 1, Cazzamalli placed his human subjects
inside a Faraday cage and claimed that some of these individ-
uals could produce r.f.-beat pulses when undergoing emo-
tional stimulation of the brain. Since v.h.f./ul.f. techniques
were rather crude, it is open to conjecture whether this pur-
ported “brain radiation” was heterodyning with fundamental
frequencies between 60 and 400 MHz of the local oscillator
or interacting with more or less high harmonics. Unfortunate-
ly, Cazzamalli’s experiments have never been repeated in
depth. It is believed that his last paper appeared in 1941, at
which time Benito Mussolini (Italian premier and dictator
from 1922 to 1945) declared the work secret.

But, of course, progress never stops. A somcwhat strange
offspring of Cazzamalli’s ideas and machinery is the “Inte-
gratron” designed by UFO-man G. W. Van Tassel. The appa-
ratus, located at Yucca Valley, California, promises such
wonders as rejuvenation of older people’s body cells, anti-
gravity, and the epitome of psvchic ecstasies—time travel.

These two basic examples might have shown, perhaps, that
parapsychology’s instrumentation phase has two faces: hard-
core science at one side, science-fiction type concepts at the
other. But the psi-phenomena do persist and can be verified.

Recent Experiments

At the research center of Rockland State Hospital, N.Y.,
scientists used instruments linked to a computer to record
EEG, changes in blood volume in a finger, and heart rate.
The human subjects (in this instance, husband and wife)
were placed in separate rooms and subjected to emotional
stimuli. When, for example, the husband was shown a pro-
jected picture of his ex-fiancée (Fig. 2), the record of his
emotional response was matched on the wife’s tracings, even
though her projection screen was blank. As Dr. Esser, the
principal investigator points out, only a very few people
have this bond. He also reports that alpha waves (brain
waves) in identical twins are synchronized. This ties in with
the odd observaton that twins frequently have an almost
identical psychic life.

Owing to the uniqueness of such and related happenings.
researchers are hard pressed to come forth with some kind of
working theory. This leads to a consideration of the hypothe-
ses evolved by both Drs. Roll and Wassermann, among others.

Here, W. G. Roll’s concept of “psi-fields” is analogous to
electromagnetic or gravitional fields, supposing that all
objects, whether organic or inorganic (i.c., nonliving), pos-
sess such fields. Psi-fields are seen as interacting with known
physical fields and with each other, giving rise to phenomena
at both animate and inanimate matter systems.

G. D. Wassermann, on the other hand, relates his postu-
lates to quantum mechanics. Psi-fields, which enable indi-
viduals to have paranormal experiences, are regarded as hav-
ing “very narrowly spaced energy levels” and “occupy wide
regions of space.” Thus, according to Wassermann, psi-fields
emit and receive “extremely small quanta of energy”—typi-
cally smaller than quanta which can be absorbed by matter
fields of classical physics.

Various efforts have been made to prove these hypotheses.
An instrument for this purpose is the color centrifuge shown in
Fig. 3. The device consists of an electric motor activated for
a fraction of a second by pushbutton and a high-voltage field
exciter. A paper card, upon which there are deposited a few
drops of paint of different colors, is spun by the motor’s disk.
The entire assembly is housed in a transparent vacuum vessel.

To use this equipment as a psi-confirming aid, the experi-
menter concentrates on the image on a separate card and di-
rects his thoughts upon the card in a centrifuge. With the
paint in place and the motor energized, the machinery should
now produce an identical or guasi-identical image of the
original. This appears to work with some people and may be
classified as telepathic/psvchokinetic, since thought trig-
gered a mechanistic replica.

Psi-type work of this kind ties in with experiments in the

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

“dream” area. At the Maimonides Medical Center in Brook-
lyn, for example, it appears that its dream laboratory was able
to induce mental images telepathically in sleeping persons
by an “agent” located in another room, about 100 feet away.
The transmitting person, the agent, concentrates on a picture
chosen from a group of famous paintings and tries to direct
this thought-image at a sleeper. The lab was established in
1962 and. according to Drs. M. Ullman and S. Krippner,
results have been good.

Dream-type work apparently has much promise for elec-
tronics, since sleep itself can be induced by electronic pulse
generators. No standards can be fixed at this time, since differ-
ent people have much different susceptance to artificial pulse
trains.

Attempts at inducing dreams by purely electronic methods
are stifled by the fact that there are no “bulk”-picture trans-
mitters available. TV-tvpe video signals are unpleasant to
induce and sensations are restricted to a “feel” of the low-
frequency vertical blanking pulses.

But even if the transmission mode could be solved, a mun-
ber of parallel problems require major attention as well.
Exterior and interior conduction properties of the human
cranium apparently are much more complex than suspected.
Sweat, for example, is a highly conductive agent which causes
odd current paths and spread patterns. Skin and related
measurements, as shown in the lead photo of this article, can
be made by simulating the cranium’s exterior with conductive
mannequin heads. Although respective data can be valuable,
questions attached to the explicit propagation of dream-
provoking electronic signals towards given receptor and
processing areas within the human brain remain unanswered.

Paranormal Matrix

Dr. Gardner Murphy, recognized as a psvchologist of dis-
tinction, is a prolific contributor to parapsychology. He sug-
gested the idea that man’s failure to use interpersonal psi
communications frequently may be due to our “psychological
insulation” from one another. To that end, others see elec-
tronics-based communications as an awkward crutch and
primitive substitute for latent, natural abilities. However, the
lack of performance at psi-tyvpe levels can also be understood
as Nature’s safeguard against devastating telepathic impact.
Otherwise, the world of man would function like an untuned
radio receiver—too many messages would trigger chaos,
intelligent action become impossible.

These considerations, taken together, huve invited a search
for discriminating devices and spzcific mind-intercoupling
agents.

One of the most intriguing things to emerge in that area is
the now-famous Backster Effect (ELecTrRONICS WORLD, Oc-
tober, 1969). Here, since living plants seem to react bioelec-
trically to thought-images directed at their over-all well-heing,
New Jersey cytologist Dr. H. Miller thinks that the phenom-
enon is based upon a type of “cellular consciousness.”

These and related considerations lead to the idea that psi
is but a part of a so-called “paranormal matrix”—a unique
communications grid that binds all life together. Its phe-
nomena apparently work on a multi-input basis which oper-
ates beyond the known physical laws.

Some of these constituents can be seen in highly refined
experiments of the Backster type. For example, a variety of
electronic systems is employed to furnish puie audio tones,
music, red light (as a growth stimulant), and excitation cur-
rents to the plants (Fig. 4). This provides the specimen with
an emphatic “work psychology” or environment which can be
disturbed for data-gathering purposes after lengthy condi-
tioning.

To that end, psi-sensitivity can reach such a highly culti-
vated level whereby a plant (in our example) reacts to its
owner’s state of mind emotionally—even while he is far away.
The data is expressed, of course, in the form of an electroni-
cally derived and processed biogram which is supplied with

April, 1970

Fig. 4. Experimental setup using Backster Effect for checking
psi phenomena in living plants by subjecting them to artificial
excitations {currents, red light, etc.), and monitoring re-
sponses. Note the red-light growth stimulator on Faraday cage.

time markers for identification purposes, as shown in Fig. 5.

Conclusion

Only a small family of experimental systems and ap-
proaches could be described. The field is complex, quite
strange in many ways, but wide open for improvement. In-
deed, as it appears from here, there is enough promise to
warrant intensified research efforts. From an educational
point of view, it's also necessary for investigators to look
beyvond their specialties and acquire more background knowl-
edge in order to do meaningful work in a field such as this. A
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RECENT
DEVELOPMENTS
IN ELECTRONICS

TV Eyes for Delaware Bridge. (Top left) From this vantage
point 220 feet above the road surface of the twin-span Delaware
Memorial Bridge, a TV camera will keep constant watch over
traffic flow and road conditions. A second TV camera will be
installed on the span’s other tower, and two more cameras will
be located atop the other span's two towers. Located in special
housing in which they will be free to pivot and tilt in all direc-
tions, the cameras will be monitored on four 23-in TV moni-
tors in the communications room below. Special windshield
wipers are used to keep camera housings clear and clean. The
cameras are specially adapted Sarkes Tarzian transistorized
units, equipped with 114-in Plumbicon pickup tubes and zoom
lenses. In designing the packages for the TV cameras, they
had to be made small enough to fit through the small doors of
the bridge-tower elevators. The TV system will be linked to the
extensive communications and signaling network already in use
by the Delaware River and Bay Authority. The CCTV system
is being installed by U.S. Underseas Cable Corporation.

Million-Volt Radar Modulator. (Center) The two huge com-
ponents in the photo are the radar modulator for an experimen-
tal Air Force radar. This radar is being developed to demon-
strate the feasibility of a very high peak power, nanosecond
radar system. By using higher powers, radar range should be
increased so that targets will be detected at greater distances.
By using shorter pulses, range resolution, or the ability to
pick up separate targets that are closer together in range,
should be improved. The modulator operates in the megavolt
range, and it can produce extremely short pulses that are mea-
sured in nanoseconds (billionths of a second) rather than mi-
croseconds (millionths of a second). The equipment is pro-
duced by lon Physics Corporation for Varian Associates.

Underwater Public-Address System. (Below left) An advanced
high-fidelity public-address system is being used in a unique
film-making venture—to search for the great white shark which
inhabits the waters of the Indian Ocean. The underwater sys-
tem provides communications between crew members while
engaged in their beneath-the-surface activities. Heart of the
system is a tiny audio projector operated by a 200-watt ampli-
fier that can illuminate a large underwater work area with
acoustic signals. This enables cameramen working in deep
waters to hear communications signals at a level equivalent
to normal conversational speech at a distance of more than
100 feet from the projector, without special receiving apparatus.
Speech signals are not only originated at the shipboard control
center but also any member of the crew working below can
broadcast over the system to every other member of the crew.
This is made possible by a wireless sonar link to a receiving
hydrophone suspended in the water. Each cameraman-diver
has a microphone in his mask connected to a belt-mounted
transmitter. The signal is picked up by the receiving hydro-
phone, demodulated, and rebroadcast over entire work area
via the projector. System was developed by CBS Labs.
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Electronic Particle Counter for Metal Research. (Top right)
This high-speed counter, working in conjunction with its 300-
power microscope, can count the thousands of tiny silicon par-
ticles in a polished surface area of an aluminum-silicon alloy
in less than a second. To do the same job manually requires
several hours. A CCTV camera scans the surface and flashes
a picture onto a mcnitor. Electrical pulses from the particles
in the study area are fed into the instrument’s logic network,
triggering the counters whose output is recorded for later eval-
uation. The instrument, designed by Reynolds Metals, is used
in the company’s research laboratories to measure particle size
and distribution which affect the characteristics of aluminum.

Two-Ton Speaker for Expo '70. (Center) Two gigantic loud-
speaker systems, each weighing two tons, have been installed
at the Festival Plaza of Expo '70 at Osaka, Japan. Each sys-
tem has four 20-in woofers, 24 8-in mid-range speakers, and
14 muiti-ceiiular tweeter horns, for a total of 42 speakers. The
curved enclosures are suspended from the ceiling of the covered
site, and are fed with 400 watts of power each. The loudspeaker
systems will be used for public-address purposes. Systems
were manufactured and installed by Pioneer Electranic Corp.

Computer Traffic Contro! for Boston. (Below left) Anyone who
has done any driving in downtown Boston knows that the
traffic and traffic-control leave much to be desired. Perhaps
this computerized electronic traffic control system will im-
prove things in the area it covers. The computer changes the
traffic-light signals to meet the around-the-clock, constantly
changing traffic needs. The traffic board in the photo shows
the 32 light signals plus 24 walk/don’t walk boxes, and four
lighted pedestrian push-buttons in the Government Center area
handled by the new system. System was developed for Bos-
ton's Traffic Department by Computer Systems Engineering.

Laser Velocimeter. (Below right) The components of a new
laser velocimeter capable of measuring moving strip steel at
better than 0.25-percent accuracy is shown. The device, lo-
cated up to 15 feet from the moving strip, operates on Doppler-
effect principle. The gas-laser beam is split to strike the metal
from two angles. The difference in wavelength of the reflected
light indicates speed of moving material. Readouts of ma
terial length and surface area can be in the form of digital
display, printed cards, logs, or other printed records. Cost of
equipment, made by GE, is in $25,000 to $30,000 range.

April, 1970
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Radar scopes showing comparison
between (left) conventional display
of weather and (right) display using
weather outline generator that only
shows the outer contours of storms,

Air Controllier’s Radar
Sees Through Weather

By HOWARD L. McFANN / Project Manager, National Aviation Facilities Experimental Center, FAA

Worried about flying in “bad” weather? Here’s a new FAA weather-
device that makes it possible for air traffic controllers to guide
atrcraft  safely around dll types of hazardous weather conditions.

N an attempt to cut through the weather clutter that
obscures vital target data on the air traffic controller’s
radar displavs, engineers inadvertently created another

potentially serious operational problem. As a result, a
device, described in this article, was developed that solved
this problem and opened new vistas for examining a storm’s
awesome proportions.

Weather Clutter Obscures Aircraft

How would vou like to control aircraft with your radar
scope cluttered by heavy weather as shown in Fig. 1 (left)?
The appearance of such clutter on radar scopes has long
been considered unavoidable and it is obvious why it is
necessary to clear up the display so aircraft target data can
be followed more efficiently.

Persistent engineering effort resulted in design improve-
ments, called “fixes,” which enable the air traffic controller
to cut through some of the interference. Most field radars
are now equipped with several of these fixes; circular polar-
ized antennas that discriminate against the signals returned
by spherical particulate matter, such as raindrops, and

logarithmic receivers with fast time constants to break up
long clutter blocks.

A breakthrough in the problem of reducing weather re-
turns appeared to have been made with the adoption of
digital processing and narrow-band transmission of the radar
video. The need to maintain low data rates on the telephore
lines used to carry target information required stringent
control of the false alarm rate, ie., transmission of noise
pulses as aircraft targets. The digitizer circuit that does this
job is aptly referred to as an “automatic clutter eliminator.”

The eftectiveness of the clutter eliminator can best be
judged by comparing the radar-scope photos shown in Fig. 1.
Note that the radar signals on the time-correlated photo-
graph of the digital displav shown on the right are well
defined symbols and that most of the dense clutter has been
eliminated.

The Problem

It soon became evident that complete removal of weather
clutter by the digitizer gave rise to an equally serious opera-
tional problem. The air traffic controller was no longer able

to provide pilots with essential weather

Fig. 1. Typical air traffic controller's radar PPl scopes
showing (left) weather clutter interfering with identifica-
tion of aircraft target data and (right} after removal of
weather clutter by use of '‘automatic clutter eliminator.”

advisories based on his personal obser-
vation of the radar clutter, and it became
exceedingly difficult to maneuver aircralt
around potentially hazardous weather
such as convective storms containing
damaging hail.

Clearly there was a need to satisfy
both requirements: provide a see-
through-clutter capability at low data
rates without a loss of information about
the storm’s location, general size, and
movement.

The Solution

In attempting to answer this need,
the Federal Aviation Administration
worked with private industry to develop
the weather-outline generator, a de-
vice that generates isoecho contours
around the weather returns at any of
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several preselected intensity levels. When coupled to the
radar digitizer, the outlines are transmitted over the tele-
phone lines along with aircraft identification and position
data on a non-interfering basis.

With this additional input to his display, the controller
can now see the storms picked up by his radar as sets of
distinctive symbols outlining the precipitation areas.

System Description

Fig. 2 is a simplified block diagram of the weather-out-
line generator. The device computes a continuous voltage
estimate of the mean reflected power returned from small
incremental areas of the storm scanned by the radar beam
and is derived by integrating the clutter signals over an area
1.0 nmi in range by eight radar triggers (approximately 0.8
degree) in azimuth. The estimate is computed in this manner
to reduce the likelihood of targets or strobotype interference
being contoured as weather.

In range, the voltage is obtained by simply dividing the
summed output of a tapped delay line by the number of
taps. This produces a current sweep estimate of the mean
clutter power received during the delay-line interval. Sev-
enty-five percent of this voltage is then combined in another
adder with 25 percent of the estimate computed for the
previous sweep over the same range interval. The antenna
has, of course, moved slightly during this period so that the
resulting voltage represents the average clutter power re-
ceived by the radar over the area bounded by both delay
parameters; that is, the delay in range and azimuth. The
weather outline points are generated from this voltage in

Fig. 3 demonstrates the ability ot the system to look into
the heart of a storm. The weather actiyity portrayed con-
sisted of widespread rain showers containing a small, vet
dangerous tornado. The picture on the right is what the
controller would normally see on his display scope. Note
that it is impossible to discern the tornado from the rela-
tively harmless rain that surrounds it. A picture of the out-
line generator output after transmission over the telephone
lines is on the left. The outer edges of the storm were
outlined by the series of dots, while the heavier, more
dangerous cells were indicated by the “x” symbols. The loca-
tion of the tornado was clearly displayed to the controller.

A production contract has been issued for procurement
of equipment incorporating improvements in the original
design. For example, the long time delay used to store the
clutter power estimates from sweep-to-sweep was accom-
plished in a range-ordered core memory, which will now he
done by less expensive shift registers. All of the mathemati-
cal operations in the prototype were performed by analog
circuits; the new system is a hybrid that uses both analog
and digital processing to best advantage.

Constructed with integrated circuits, the production unit
will be housed within a 217 x 25” x 30” cabinet. As the
equipment comes off the line, it will be included in the
FAA’s semi-automated -air traffic control systems now being
installed at high-density Air Route Traffic Control Centers
around the country.

The development of the weather-outline generator is a
good example of how the FAA continuously improves the
electronic systems used by the air traffic controller to keep

threshold comparators, or slicers. Two slicers are presently aircraft moving safely along the busy airways. A
used and they can be set to trigger at
any level within the range of the system.
For best operation, the video input to  vioeo VIDEO 18 ZE_LI‘:OL'",E
the outline generator should be log- "' NORMALIZER CORRECTION = 25 nmi
arithmic with at least a 60-dB dynamic
range to cover the intensity levels en- e RISE
countered in the strongest storms, and e o e ————
the radar fixes, used to reduce clutter, AND
should be either turned off or bypassed. DIV IBRIVE | Tmeswoo | T
Several refinements are incorporated COMPARATOR ouTPUT
to improve the integrity of the weather AGC. ) e CURRENT

intensity estimate. Examples are the GENERATOR
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feedback loop that compensates for
drift in the radar receiver’s ambient
noise level, and the swept-gain circuit,
called the Sensitivity in Range Control
(SRC), that corrects for the decrease
in received signal power as a function
of range. The SRC is needed because
the echo power from precipitation varies
as the inverse square of the range. If gram
this correction were not applied, a close-
in storm of low intensity would appear
as strong as more severe weather far-
ther away.

Performance

The prototype outline generator was
tested at the FAA's National Aviation
Facilities Experimental Center near At-
lantic City, New Jersey and far sur-
passed the original performance re-
quirements. Not only did the system
effectively outline the periphery of
storms (photo on right of lead figure),
it probed deeply into the clutter to
define the stronger, more dangerous
cells. This now provides a capability
the controller did not have with his
conventional display because of its nar-
row dynamic range.

Tornada
Activity
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Fig. 2. Simplified block dia- L_ MEMORY ) |

generator discussed in article.
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Fig. 3. Comparison of lleft) digitized and (right) conven-
tional wide-band radar display responses to tornado activity.
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INTEGRATED
CIRCUIT
MEMORIES

Growth
and Future
(Part 2)

By DALE MRAZEK

National Semiconductor Corp.

New assembly methods and anticipated
technological advances paint a bright
picture for the IC memory market—
and especially for bipolar devices.

write and read-only (ROM) memory IC’s being devel-

oped for the computer memory field and the bipolar
and MOS technologies used in producing them. This month
we will describe the use of IC memories in such applications
as scratchpad memories and shift registers and how, through
circuit innovations, larger and faster storage memory arrays
can be arranged. In addition, considering present design
trends, the future of 1C memories will be examined.

IAST month, Part 1 of this article described the read-

Bipolar Scratchpads

The high cost of bipolar memory 1C’s limits their applica-
tions at present. One notable exception is found in bipolar
scratchpads, which began replacing small, magnetic-film
memories in computer main frames more than three years
ago. Some scratchpad IC’s are also used as registers and
vice versd.

State-of-the-art in bipolar scratchpads is a capacity of
16 bits and a cycle time of 100 ns. Bipolar registers, designed
as storage building blocks, typically attain a data rate of
235 MHz, while dissipating about 35 mW per bit. However,
many designers still prefer to use standard TTL quiad latches
in these applications.

The bipolar scratchpad IC’s generally contain set/reset
flip-flops as the storage cells. One popular cell design, shown
in Fig. 1, top, looks simple, but took a few years to produce
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reliably. Until recently, IC developers called it the “forgetter”
because of its tendency to change state randomly. Although
the example of the storage cell shown in Fig. 1, bottom, ap-
pears more complex than the “forgetter,” it is still being pro-
duced four years after its inception and is located on one of
the few bipolar scratchpad IC’s that contains an integral
decoding network.

This type of scratchpad design was originally made for
Scientific Data Systems™ Sigma 7 computers, and has been
used to build registers and scratchpads containing up to
4096 bits. These storage cells have four applications in the
Sigma 7 computer: (1) general registers that speed up the
central processing unit’s response to interrupt requests, (2)
main-memory mapping, (3) key and lock storage for memory
protection, and (4) input-output channel buffers. With ex-
ternal comparator logic to identify stored data by a key-word
matching technique, the chip can also be used as a content-
addressable (CAM) building block.

A representative 16-bit scratchpad array that is used to
form larger arrays is shown in Fig. 2. Some manufacturers
are assemmbling the multi-array planes as hybrid 1C’s; for
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Fig. 1. (Top) Typical bipolar read-write, random-access set/
reset flip-flop storage cell used in high-speed scratchpad IC’s
and (bottom} storage cell used on one of the few bipolar
scratchpad /register 1C’s also containing decoder network.

Fig. 2. Sylvania’s 16-bit bipolar scratchpad memory array.
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example, eight 16-bit chips would be used to make a 128-bit
hybrid IC. A typical hybrid IC is about an inch square and
can cycle somewhat faster than 100 ns due to shorter lead
lengths. The hybrids are an interim step between the 16-bit
Llocks and the large bipolar arravs of 32 and 64 bits that are
being developed with LS! techniques.

In contrast, MOS monolithic seratchpads storing 64 bits
do not utilize the present capabilities of MOS technology
economically, Monolithic 256-bit MOS scratchpads will soon
be in production and will feature randoim-access read-write,
nondestructive readout, multiple-package decoding on the
chip, operating rates of 4 MHz, and input-output compati-
bility with bipolar logic.

Fig. 3-outlines the configuration of such a scratchpad de-
signed to go into a 16-pin package that will he faster than
ferrite-core scratchpads, cost less to build, and be more effi-
cient volumetrically. Alternate configurations include storage
of 256 1-bit words with the pin arrangements shown, 128
2-bit words, and 64 4-bit words.

MOS Shift Registers

MOS shift registers are the semiconductor equivalent of
delay lines and can also be used as drum-tvpe memories.
These applications generally demand high capacity (several
thousand bits of serial storage per chip) but not necessarily
high speed. MOS registers with up to 512 storage stages are
now being produced, compared with the bipolar maximum
of 16 bits.

The main advantage that shift registers have over conven-
tional delay lines in storage applications is clock control.
Other advantages include elimination of transducers, ampli-
fiers, and electromechanical drives, thereby reducing svstem
“overhead” costs, and relatively low power dissipation. At
present, the capacity at which it is cheaper to use MOS regis-
ters is several thousand bits in delav-line applications and
about 200,000 bits in drum-memory applications.

Since shift rates are clock-controlled, storage or delav time
is electricallv variable. This feature may be used to svnchro-
nize parallel delay lines or drum-memory channels. to read in
at low speed and read out at high speed in buffering applica-
tions, to reduce clock rates and conserve power between uc-
cumulator read-in and read-out operations, and to indepen-
dently vary the times in delav-line segments. At minimum
clock rates, average power dissipation in the range of a
microwatt per bit can be achieved with MOS dvnamic
registers.

Words stored in a shift register or accumulator mav be
selected by applving a time address to the output control or
bv the CAM kev-match technique.
Words can be read out sequentiallv
from a channel in a drum-tvpe system
(Fig. 4A) or a few channels can be or-
gunized to present word bits in parallel.
The TTL/MOS multiplexing technique
shown in Fig. 4B multiplies the appurent
speed of the MOS registers and achieves

v+ =

—— WRITE /READ ENABLE

8 ADDRESS

INPUTS

3 ELEMENT ENABLE
‘NPUTS

L]

—— DATA OUTPUT/INPUT

Fig. 3. Configuration of 256-bit, 16-pin package MOS scratch-
pad that is faster and less expensive than core scratchpads.

cal corrections to the data in four clock periods without
retarding the recirculation flow.

The two generic types of MOS registers are static and
dynamic. The storage cells of static types are latching cir-
cuits that will retain data while the clock is stopped, while
dvnamic registers must be clocked at some minimum fre-
quency. The dynamic registers depend upon charge storage
for data retention. If the clock is stopped, the charge will
dissipate as leakage current, in a time that varies with tem-
perature. Low-leakage tvpes can be clecked as slowly as
100 Hz at room temperature. Standard dvnamic registers are
clocked with a two-phase signal, as in Fig. 1 (Part 1), and
standard static registers take a single-phase clock aud gener-
ate complementary clocks internally.

The main thrust of bipolar LSI development is aimed at the
enormous computer memorv market that is still dominated by
cores. chiefly computer main memories. LSI is expected to
increase bipolar [C capacity to 64 bits in the near future and
to as much as 236 bits in the mid-1970s. Bipolar ROMN’s
with capacities of 512 bits and content-addressable build-
ing blocks with capucities of 8 Dbits are also in development.

Fig. 4. (A) Drum-type register, built with shift registers, permits
words to be read out sequentially from the selected chanrel. MOS
switches ai left of register control data read-in and recirzulation.
(B) Multipiexing data into paraliel MOS storage registers multiplies
the effective shift rate. With four channels, four times the normal
MOS rate can be had if bipolar elements are used for contiol logic.
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Fig. 5. Examples of recirculation loops. (A} TTL controlled high-speed
segmented delay line, (B) dual accumulator with internal MOS controls,
and (C) triple-shift register with internal controls for electronic cal-
culators. Data can be corrected by external bipolar logic during the
61-64th bit intervals and re-inserted in loop without changing shift rate.

THE 3BOVE CIRCUIY WILL GENERATE THE 6UNCTION: A
[

in most applications. Rates two to three
times faster than standard MOS have
also been achieved by overlapping the
operation of p-MOS cells (Fig. 6B),
but this requires expensive, complex,
polyphase clocking networks.

An interesting example of next-gener-
ation LSI bipolar registers is Raytheon’s
4-bit register/counter cell, which con-
tains 80 nand gates. It is claimed that
arrays can be assembled as scratchpads,
command memories, and logic-function
memories. The memories control data
flow and set up the registers to perform
any of 16 functions, as required by each
processing task.

The table in Fig. 6 summarizes onc
prediction of things to come in the early
1970%. Bipolar cell size (I'ig. 6C) in
random-access, read-write memories is
expected to drop drastically as the num-
ber of minimum-geometry, minintum-
power internal cells rises, and the num-
ber of buffers per cell drops. The bipolar
devices are expected to cost less than 2¢
per bit if 256-bit chips are used in 4096-
bit hvbrid 1C’s.

Although this would make bipolar
IC’s competitive in cost and more than

Considerably higher capucities and lower costs can be
expected from the p-channel or p-MOS process in ROM’s,
registers, and medium-speed, read-write RAM’s. A process
known as C-MOS, using complementary n-channel and
p-channel storage devices (Fig. 6A), looks promising for
high-speed, low-power scratchpads. RCA, which has been
developing this process under an Air Force contract, reports
cycle times of 100 ns with standby power dissipation in the
nanowatt range. However, C-MOS densities are low com-
pared with p-MOS (see table in Fig. 6), and the larger
number of packages required limits speed to about 250 ns

competitive in speed with core memory,
core proponents hope to cut their costs in half in the 1970’s.
If that happens, it may be a very slow phaseout. However,
cores are not the only competition on the horizon, since
developers of thin-film, sonic-film, cryoelectric and optoelec-
tronic memories are also competing with core memories as
far as performance and cost are concerned.

No significantly new semiconductor process has been de-
veloped for several years. LSI, whether MOS or bipolar, is an
extension of earlier techniques, made possible by improve-
ments in masking optics and other processing methods and
equipment. Increases in producible (Continued on page 63)

WRITE
v+ Ve
? L
F
y &
2 14 /5
P n
1 ] i i
g
READ/WRITE [
(A} (8)
Fig. 6. Anticipated future LS| memory characteristics and schematics of
the (A) C-MOS, (B) p-MOS, and (C) bipolar storage cells used in labora<
tories today to develop IC memories that will be competitive with ferrite v+
core and other memory devices as far as performance and cost are concerned. 3 ‘
CELL AREA SPEED POWER TYPICAL CELL 1
TECHNOLOGY (sq. mils) (ns) (Cell only, mW)
C-M0S ‘ 80 200 10° Fig. 6A
- e}
P-MO0S 15 250 0.01 Fig. 6B &
/ X WORD L INE
Bipolar 10 100 0.5 Fig. 6C . Y WORD LINE
c
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The avuthor joined E.F. Johnson Co. in 1966 and in his present position is
responsible for all development engineering pertaining to the entire com-
ponent line. From 1962 to 1966, he was associated with General Electric
Co.’s General Purpose Control Dept. He receivad his BSME degree from the
University of Nebraska in 1962 and an MSME from Bradley University in
1965. He will complete requirements for an MBA degree at Mankato State
College this June. He holds patents in capacitor, connector, and switch
devices. He is a registered professional engineer in Minnesota and lllinois.

Air-Dielectric Trimmers

By JACK L. BOWEN / Manager, Companent Development, E.F. Johnson Co.

Relatively small size, top performance, and low cost are main
features of the air-dielectric, plate-type trimmer described.
Here is what must be known in order to specify such trimmers.

IR trimmer capacitors are among the imnost popular
trimmers due to the very favorahle trade-oft be-
tween cost and performance compared to sold-

dieleetrie trimmers. Air trimmers are used in countless cir-
cuit applications. A few basic, specific examples are: tank
circuits, filters, stable oscillators, helical resonators. and
attenuators. These cireuils are frequently used by wmanu-
facturers of communications equipment, such as business
and personal two-way radio and aireraft transceivers.
Manufacturers of such test equipment as oscilloscopes and
counters. as well as medical electronics gear, also utilize
these trimmers.

Some confusion exists between the terms “air trimmer”
and “air tuner.” Most manufacturers agree that tuner ca-
pacilors exhibit a rotational life in excess of 1000 tuning
cycles while air trimmers most frequently exhibit rotational
lives between 250 and 1000 tuning cyveles. A tuning cycle
1s defined as 180 degrees rotor rotation in one direction
and a corresponding 180-degree rotation back to its origi-
nal position. Air trimmers are typically used inside equip-
ment to peak or null a circuit and generally are not read-
justed except for equipment calibration or repair. Tuner
capacitors are typically used where frequent capacitance
variation is required. Tuner capacitors are usually supplied
to a straight-line-frequency or straight-line-wavelength
tuning curve, while trimmers are commonly straight-line-
capacitance devices (see Fig. 1).

Air trimmers can be categorized by construction, per-
formance, mounting, and size. They range in price from
one of the very lowest priced trimmers to one of the very
highest priced trimmers. All have two features in cominon:
{1) all use air as the primary dielectric, and (2) all re-
juire supporting members to position the rotor and stator.
Because of these 1wo features, we are faced with certain
limitations.

The basic equation for the capacitance between two flat
plates with air as the dielectric is: C' = 0.0085K 4/t where
C = capacitance in pF, K = dielectric constant (for air,
K = 1), 4 = facing area in em2, and t = distance be-
tween plates, in em.

As you can see, capacitance of an air trimmer can he
increased only by using more plate area or by decreasing
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Fig. 1. Normal air trimmer tuning curve shows a capa-
citance variation that is linear with degrees rotation
Fig. 2. Equivalent circuits of air trimmer capacitors.
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DISSIPATION FACTOR

DIELECTRIC MATERIAL (at 1 MHz, 25°C)

Air 0.0000
Teflon 0.0002
Quartz 0.0002
High Alumina (95%) 0.0003
Steatite Grade L-5 0.0020

Table 1. Dissipation factors of some common dielectrics.

the plate spacing. Of course, as the spacing is decreased,
the breakdown voltage decreases proportionally. Obviously,
as the trimmer size decreases, capacitance values and/or
voltage breakdown values must decrease. Certain eapacitor
configurations make more efficient use of the volume re-
quired. These configurations will be discussed later.

All air trimmers are, in reality, a composite of two ca-
pacitors; the air capacitor plus a solid-dielectric capacitor
whose characteristics reflect the properties of the capacitor
supporting member (s} or endframe. The endframe char-
acleristics are important because the equivalent capacitor
appears as shown in Fig. 2A.

If the capacitance through the endframe represents a
significant percentage of the total capacitance, the result-
ing capacitor may be appreciably degraded in operating
characteristics from the anticipated air-dielectric capacitor.

As an example. let’s consider capacilor “Q.” temperature
cocflicient (TC), and humidity performance. The “Q” of
a capacitor is defined as the cotangent of the loss angle
and is generally considered to be better as its value ap-
proaches infinity. The “Q" value, also known as the “quality
factor” may also be defined as follows: “Q” =1/DF =
RptXs = Xo/Rg where: DF = dissipation factor of the

capacitor dielectric, Ry, = equivalent parallel resistance,
L 1 1
Ry = equivalent series resistance, and X, = capacitive
] 1 C
reactance.

Thus, we see that a low dissipation factor dielectric will
vield a high-“Q” capacitor. Table 1 lists dissipation factors
of common capacitor dielectrics and endframe materials.
As can be scen from this table, any endframe material will
degrade the “Q” of an air trimmer and it must be con-
sidered when selecting a high-“Q” air trimmer. Additional-
lv, most dielectries exhibit different dielectric constants
(K) at various temperatures. If the endframe K varies
with temperature, then its TC will also vary,

Steatite and alumina ceramics are porous
which will take on moisture unless they are treated. “Q
and voltage breakdown may be appreciably degraded upon
exposure to moisture if the endframes are not treated. The
most common ceramic treatment is a fired silicon process
which performs adequately in most situations. Some manu-
facturers glaze the ceramic to achieve the same goal.

An equivalent circuit of an air trimmer which reflects
endframe losses can now be represented as in Fig. 2B.

We have shown that an air trimmer necessarily falls a

materials

Table 2. Various types of air trimmer capacitors along with applications and their maximum performance characteristics.

Air Trimmer MIL-Spec Typical Relative Cost | Typ. Max. Typ. Max. Relative Current- Typ. Nom. TC
Capacitor Number Application Range Cap. (pF) | Volit. Rat. (Vd.c.) Size Carrying Cap. | (ppm/°C)
Soldered plate | MIL-C-92A, Used in low to med.- Medium 5-200 4500 Medium Low-medium 0-100
Styles CT04, power transmitter
CT06, CT12, tuning, loading, and
CT13, CT14, matching networks.
CT15 Can be used in
oscillators, reso-
nators, attenuators,
and filters.
Staked plate MIL-C-92A, Used in high-power Medium 5-200 4500 Medium High 0-100
Styles CTO06, transmitter tuning,
CT12, CT13, loading, and match-
CT14, CT15 ing networks.
Bolted plate none Used in very high Medium- 25-1000 13,000 Large Very high 100
applicable power r.f. generating high
equipment and in
transmitter tuning,
loading, and match-
ing networks. Good
at high temp.
Milled plate MIL-C-92A, Used in low-power Low 5-60 1000 Small Low-medium 34-45
Style CT16 circuitry where
low cost, high “‘Q,”
small size, and
stability are most
important. Examples
include oscillators,
resonators,
attenuators, and filters.
Concentric none Used due to low Medium- 5-60 1000 Very Low 0
ring applicable inductance, low TC high small
and high “Q."”
Applications in
microwave receivers
and v.hf-u.hf.
communications
equipment.
NOTES: Ratings represent maximum available for a given design type and may not
*Mountings: 1 = PC board; 2 = Panel mounting: 3 = Chassis mounting
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little bit short of a perfect capacitor due to losses in the
supporting endframe. Let’s now look at the balance of the
device. Since the trimmer is a variable capacitor, it must
also have a sliding contact between the rotor and the rotor
connection. This contact necessarily has some finite resis-
lance and therefore appears as a series resistance to the
total capacitor, thus further reducing “Q.” Another resis-
tance, that being inherent in the resistivity of the con-
ductors themselves, adds still another series resistance. The
air trimmer total equivalent circuit thus appears as in
Iig. 2C. The equivalent circuit may be shown as in Fig.
2D, where: Rg 335y = total equivalent series resistance
and Rp (g, = total equivalent parallel resistance.

Through the use of a nearly lossless primary dielectric,
an air trimmer which is functionally designed will natural-
ly exhibit better and more stable “Q” and TC characteris-
tics than solid-dielectric trimmers.

Many circuits require the use of air trimmers at uh.f.
and higher frequencies where the inductance of the capaci-
tor leads may become eritical. Both the resonant frequency
of the capacitor and the “Q” at high frequencies are very
important. The length of the conductors, plating materials,
and endframe materials are all important in determining
high-frequeney trimmer characteristics. Units particularly
well suited for high frequencies include the concentric-ring
(Fig. 3) and the milled-plate designs (Fig. 4) which utilize
low-loss endframes and short terminals.

“Q” measurements are very difficult to obtain at fre-
quencies beyond 250 MHz. No standard “@Q”-meter is

Typ. “Q" Typica! Mounting Tuning
at 1 MHz Plating Avail.* Resolution
10,000 Nickel 1,2,3 Medium
7000 Nickel 1,2,3 Medium
4000 Unplated 2,3 Coarse
aluminum
plates
20,000 Silvet 1,23 ‘ Fine
20,000 Gold 1,2,3 Extra fine
agree with a particular manufacturer’s standard devices,

April, 1970

Fig. 3. Concentric-ring air trimmer capacitor is shown
disassembled. Glazed ceramic and multiple rotor contacts
are used in this device in order to keep losses very low.

available for measurement at these frequencies hut many
users obtain an indication of “@” by looking at the relative
bandwidth of a resonator or by looking at the insertion
loss of a unit. Network analyzers are also used to obtain
“@” comparisons at high frequencies.

Capacitor manufacturers publish data based upon read-
ings taken on either the Boonton Radio 190A “@”’-meter

or a Boonton Electronics 75-series capacitance bridge. The
“@”-meter has a variable frequeney feature which allows
“Q” measurements up to 250 MHz with appropriate work-
ing coils. The capacitance bridge is a highly accurate device
but its frequency is fixed at 1 MHz.

A need exists for equipment to accurately measure ca-
pacitor “@” up to and beyond 1 GHz. Today. performance
data beyvond 250 MHz must be extrapolated from lower
frequency data. The cirenit designer has one bench mark
i the fact that all trimmers exhibit lower " with in-
creasing frequency as is shown in Fig. 5. Tt “Q” is critical
at high frequencies, a trimmer must be selected which ex-
hibits high “@” at lower frequencies.

Outstanding Features

The outstanding features of the air trimmer are high
“Q.” great stability, and low cost. Other features include
their consistency of capacitance, “Q.”" and TC from lot to
lot and from year to year. The typical temperature-coeffi-
cient curve (Fig. 6) shows excellent retrace and a nearly
constant value for TC throughout the temperature range.
Fig. 7 shows a common TC characteristic exhibited by
solid-dielectric  capacitors. However, TC is not readily
modified in air trimmers and a negative TC is nearly im-
possible to obtain due to the growth of the meshing plates
with increasing temperature. Typical air trimmer TC’s
range from zero =10 ppm/°C for units manufactured with
Invar plates or tubes to about 4100 =20 ppm/°C. Nega-
tive temperature coefficients can be obtained only through
the use of special endframe materials or by the use of one
or more bimetal plates.

An obvious limitation to air trimmers is the dircet de-
pendeuce of voltage breakdown upon physical size. Air
trimmers are susceptible to reduced voltage breakdown
in reduced pressure or in extremely “dirty” environments.
Sealed versions, of course, do not have these shortcomings.

Regular and Special Types

Air trimmers are tvpically constructed by one of the
following methods: soldered plate, staked plate, bolted
plate. milled plate, or concentric ring (press fit or soldered
tubes. impact extrusions or castings) .

Table 2 lists the characteristies and applications of cach
type trimmer. Each type is best suited for a particular ap-
plication. Table 2 should serve as a guide in the selection
of an air trimmer. The milled-plate units are one of the
newer configurations and are one of the best low-cost, high-
performance small air trimmers available.

The milled-plate devices eliminate loose plates and offer
sturdy. one-piece. current-carrving eclements which are
suitable at high frequencies. The concentrie-ring devices
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Fig. 4. Milled-plate air trimmer capaciters are shown
with their respective brass rotor and stator extrusions.
These units are especially svited for high frequencies.
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Fig. 6. Capacitance vs temperature of milled-plate trimmer.
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offer the shortest lead length and are most suitable at very
high frequencies where cost is secondary to performance.

As can be seen from Table 2. cach trimmer style has its
outstanding characteristics. The user must first decide
what capacitance is required. what “Q” is needed, and
then decide which (ype trimmer hie should use. The five
types of units available have overlapping capacitance
ranges and often share both desirable and undesirable fea-
tures.

Variable capacitor manufacturers are conditioned to the
needs of lhe nser and consequently make available numer-
ous special configurations upon request. For example, Iig.
8 shows a miniature low-cost tank circuit that can be sup-
plied. Special terminations. plaling, torque. voltage ratings,
and capacitance ranges are frequently supplied to volunie
users of air trimmers. Low-torque trimmers utilizing hall
bearings are requently nsed to lengthen the rotational life
and reduce tuning torque. Special plate shapes may be sup-
plied to produce special tuning curves. Special terminal
temper is often supplied to allow a nser to stake-over the
printed-circuil type terminals prior to wave soldering. This
staking permits the PC board to be turned over without
allowing the trimmer to fall off the beard.

Selection and Specification

Selection and specification of a standard catalogue air
trimmer will save the user both time and money. Selection
should begin with a list of required performance specifica-
tions. A wise applications engineer will insist on guaran-
teed ranges bul will not select ranges heyond those speci-
fied by the circuit designer. Also, the use of a fixed padder
in series or parallel with the trimimer should be considered
if 1t can result in the utiization of a lower cost or a more
standard trimmer. Let's now assume thal we need to speci-
fv a trimimer. What do we need Lo know?” A list of charae-
teristics must be prepared defining:

1. Cost

2. Capacitance range
mum maxinitim)

3. “Q” required {minimum value at 1 MHz)

4. Voltage rating required (use safety factors to de-rate
for contaminalion. moisture. or altitude)

5. Rotational life (torque)

(maximum mmimum and mini-

6. Resolution of tuning
7. Space available
8. Temperature coeflicient and drift characteristics

9. Invironmental conditions

In order to limit our problem. fet’s assume that we have
decided to use an air trimmer hecanse of its stability, "@.”
cost, or other reasons. However, certain characteristics do
not complement cach other. For instance. a high capaci-
tance and high voltage hreakdown cannot both be offered
in a small space. In other words. in a given space. addi-
tional capacilance in a given style trimmer can be ob-
tained only at the cosl of decreased voltage rating. Some
stvle trimmers, however. offer a more eflicient use of space
(see Fig. 3) but will cost appreciably more than a umt
siieh as the capacitor shown in Fig. +.

Capacitor “Q" is largely dependent upon endframe and
plating materials. When used al frequencies above 100
MHz. look for multiple rotor contacts, silver or gold plat-
ing, and low-loss high alumina endframes. Measurement of
capacitance and “Q” in a shielded enclosure on a Boonton
Electronics capacitance bridge is recommended for estab-
lishing and correlating vendor-user capacitance and @
readings.

Rotational life of air Lrimmers is usnally 230 to 1000
eveles. A longer life can be offered at a premium price by
using ball bearings in standard trimmers. The torque of
trimmer capacitors usually ranges from 1 to 10 ounce-
inches to enhance the mechanical stability of the capaci-
tance setling. Most manufacturers test their air trimmers
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for vibration and for shock according to MIL-Std-202C.

Resolution of tuning is important to some users. A
higher degree of resolution indicates more degrees of rota-
tion are required for a given change in capacitance. The
concentrie-ring construction offers a high degree of resolu-
tion.

Space availability often determines which type trimmer
should be used. Small size does not necessarily mean high
cost as can be seen in Table 2. The applications engineer
must carefully weigh «ll criteria before selecting a ca-
pacitor.

Temperature coefficients of air trimmers can be selected
with a high degree of confidence. A zero TC (0 =15
ppm/°C) trimmer can be obtained by nse of Invar tubes
in the concentricring design. Small positive TC values
such as 85 *15 ppm/°C are available in milled-plate de-
vices. This TC merely reflects the coefficient of linear
expansion of the brass rotors and stators used in their
construction. Larger air trimmers offer a TC of up to
4 100 = 20 ppm/°C but, as can be seen by tight tolerance,
these trimmers are extremely consistent. Air trinuners, as
a family, offer excellent relrace of capacitance and exhibit
very little drift upon temperature and/or humidity cv-
cling. The use of poor endframe materials will, however,
induce unwanted variations.

Znvironmental conditions place one of the most impor-
fant lLimitations upon the use of air trimmers. Let’s look
al the three most important environmental factors: 1. tem-
perature, 2. pressure (allitude), and 8. humidity.

Alr trimmers are most commonly constructed by solder-
ing the stator to the endframe with a standard 60-10 sol-
der. The typical maximum temperature rating of such
devices is 125°C to 140°C. This is not an ambient rating
but a tetal temperature rating of the capacitor itself. Most
manufacturers will supply identical devices with high tem-
perature solder (H-T) which will boost the operating
temperature allowed to as high as 200°C. These tempera-
tures must not be exceeded and extreme thermal shock
should be avoided.

Air trimmers which are not secaled must be de-rated for
use at high altitudes. As an example, the atmospheric
pressure at 50,000 feet is 8.4 inches of mercury and a typ-
ical milled-plate trimmer will break down at 509% of its
sca-level d.c. breakdown voltage.

Humidity will affect air trimmers if condensation devel-
ops on the endframe or on the capacitor plates. The effect
of a severe humidity condition will be to lower “Q” and
voltage breakdown and raise capacitance of the trimmer.
Typical air trimmers exhibit less than 19 change in ca-
pacitanee and not more than 209 reduction in “Q” and

Fig. 8. Miniature low-cost tank circuits can be supplied.

voltage breakdown after 24 hours at 60°C and 95% RU
(relative humidity). In general, this performance is far
superior to that of solid-dieleetric devices.

The applications engineer must use judgment in speeify-
ing an air trimmer. He must specify measurable quantilies
and the specified characteristics must allow for required
manufacturing tolerances. An air trimmer specification
should spell out at least the following characteristics:

1. Guaranteed mmimum capacitance

2. Guaranteed maximum capacitance

3. Voltage breakdown (d.c.) at sea level

t. Minimum and maximum torque

5. Maximum physical dimeunsions

6. Mounting and/or terminal dimensions

7. “Q7 minimum at 1 MHz

8. Type plating on all metal parts

9. Endframe material and treatment (if required)

10. Maximum and minimum TC

11. Solder type or maximum temperature of application

12. Acceptable supplier

Selection of the particular trimnier to be used must de
pend upon the relative importance of the various charac-
teristics. Each application must be completely analyzed
and the optimum trade-oftf of features must be established
prior to the selection of the air trimmer. The ultimate
tritmmer selection must represent the best compromise of
characteristies and cost for ecach individual application.

Many manufacturers offer sample kits and display boards
to aid the applications engineer in his ultimate trimmer
decision. A

ECAUSE of its excellent dielectric properties, polystyrene has
been used in a variety of capacitor applications. One of these is

in trimmer capacitors.
Polystyrene trimmers are available in both disc and tubular forms

Two styles of polystyrene trimmer capacitors.

POLYSTYRENE TRIMMER CAPACITORS

and are generally rated at 75°C (167°F) maximum. temperature.
Above this temperature the plastic softens enough to cause physical
movement of any parts under stress. This thermal creep can cause a
change in capacitance as well as possible mechanical failure.

With the low dielectric constant of 2.1, the capacitance ranges of
polystyrene trimmers are low. Maximum capacitance of 8 pF is typi-
cal. The trimmers do exhibit excellent “Q,” 1000 minimum, and good
temperature coefficient. Polystyrene trimmers are economical ca-
pacitors intended for high-frequency applications. Typical price range
for these trimmers is 10¢ to 15¢ each.

Soldering and cleaning operations are critical when using polysty-
rene trimmers. Because of the low temperature rating, these parts
should be soldered using a very hot soldering iron. The heat can be
transferred to the joint quickly and then removed before the trimmer
itself reaches a temperature hot enough to cause damage. Also, since
some solvents may dissolve the polystyrene, tests should be made
on samples to determine their solvent resistance. A
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The author received his B.S.E.E. and B.S.Ch.E. from Purdue
University and from 1959 to 1966 served Erie Technological
Products in various engineering capacities. Prior to that he
was sales manager for Irvin Aaron Associates, and from 1949
1o 1957 he served as assistant sales manager of the Centra-
lab Division of Globe-Union. He is a member of IEEE and is
the Chairman of the Ceramic Glass & Vitreous Capacitor Sec-
tion, Parts Division, of the Electronic Industries Association.

Ceramic Tubular Trimmer Capacitors

By WILLIAM G. TUSCANY / Manager, Applications Engineering, Centralab Electronics Div., Globe-Union Inc.

Where reliable, low-cost capacitance trimming is required, the
ceramic tubular meets the need. Information is included on
ceramic dielectrics for both fized and variable capacitors.

ramic supply houses had the foresight to realize the
potential that could be developed for a new barium
titanate ceramic material which he had heard about from
component activity in Germany. This material could pro-
vide what in those days was high capacitance for a given
size and at very reasonable cost. Soon two manufacturers
i the United States started to use this material i fixed
dixe and tubular capacitors. From these meager begin-
nings, the ceramic capacitor industry has grown by leaps
and hounds.
At the tiine the first material was used, little was known
of its electrical characteristies. After application experi-

IN the early 1930°s a salesman from one ol the ce-

THREAD A B — |—t06"
T
MOUNTING | 7632 | 152" | 225 b
DETAIL Tas | 126" e i
A Mounting -

Tolerances - 005" Uniess Otherwise Specified
Hole Diameter

Fig. 1. Mounting-hole dimensions for tubular trimmers.

ence, it was found that it had definite and predictable
temperature characteristies. This material evolved into
what is now known as the N750 body, one of the tem-
perature-compensating ceramic materials. It was found
that this characteristic would be ideally suited to compen-
sale for the posilive temperature characteristic of coils

Fig. 2. Terminal configuration and dimensions for various types of ceramic tubular trimmer capacitors.

TT-100  TT-200 TT-250 TT-300 TT-350 TT-400 TT-500 T7.550 TT-600  TT-650
DIAMETER | =6:32 215 215 215 215 215 215 NA | NA 215 215
) #4.36| .180 1180 .180 .180 1180 NA | 180 | .180 N.A. N.A.
TERMINAL (TL) 1-1/2 1-1/2 1.1/2 1-1/2 210 | 160 | .160
NA. : -
LENGTH - .032 Min. Min. Min. Min. 300 250 260 Variable | Variable
TERMINAL
posiTIon (TP VARIABLE
iANGLE (A) — 1 ANGULAR RELATIONSHIP BETWEEN MOUNTING LUGS AND WIRE LEAD OR TERMINAL LUG IS VARIABLE
LENGTH (L) SEE CAPACITANCE-RANGE CHART (TABLE4)

(N.A.-NOT AVAILABLE. ALL DIMENSIONS IN INCHES)
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062 070 ‘&5 1033 = .003
= 002 t.1 r
ﬁ 3/8 $fim
1/8 3/8 =
B DiA.
__L_. 375 y 174
.120—~L——- 1
.250 .
MOUNTING HOLES FOR 17‘ o
“SNAP.IN" ASSEMBLY /
(PREFERRED METHOD) EXTENSION
110 == 015 o1 g
1 I ]\T oy
T = : /ew / 23/32
¥ “ 2
| ’ T N H el
&
VARIABLE | = m . o | b s
L -
; l 16‘7/%\ [
= @ . 025
~ 9/64 wvax. R
215 —f—] 215 —f—+] 7/64

HORIZONTAL MOUNT

LENGTH (L) & CAPACITANCE:
SEE CAPACITANCE-RANGE CHART.
ALL LENGTHS AND RANGES AVAIL-
ABLE EXCEPT IN 3/8 SIZE.

THREAD: =632 THREAD: =632

ANGULAR MOUNT

LENGTH (L) & CAPACITANCE:
SEE CAPACITANCE-RANGE CHART.
ALL LENGTHS AND RANGES AVAIL-
ABLE EXCEPT IN 3/8” SIZE.

TOL: t 1/64 UNLESS OTHERWISE SPECIFIED

VERTICAL MOUNT

TUBE LENGTH: 5/8" == 1/64”

THREAD: =6-32

DIAMETER: 215" .005"

SEE CAPACITANCE-RANGE CHART
(5/8” TUBE)

{ALL DIMENSIONS IN INCHES)
Fig. 3. Ceramic tubular trimmers with stamped terminals designed for horizontal, angular, or vertical chassis mounting.

and chokes and would help provide uniform non-tempera-
ture-dependent performance of tuned circuits.

Eventually two groups of ceramic formulations were
developed—the temperature-compensating bodies, sueh as
deseribed above, and the Hi-K (high-dielectric-constant)
dielectric materials. The temperature-compensating bodies
are now available in characteristics of from P100 (posi-
tive 100 ppm/°C) lo N5250 (negative 5250 ppm/°C).
Since a variety ol temperature-coefficient (TC) charac-
teristies are available in this class of materials, the par-
ticular TC can be sclected to provide the proper com-
pensation required.

In this family is the NPO (negative-positive zero)
body which, as its name implies, has little or no change,
negalive or positive, over a given temperature range. The
NPO body is deservedly popular since it is very stable
(usually varies no more than =30 ppm/°C from —355° C
to 125° C), and has excellent dissipation factor, high in-
sulation resistance, high “Q”, plus good frequency char-
acteristics. This NPO dielectrie, in fact, is more stable
than many glass diclectries.

The Hi-K ceramic materials are designed to give the
most capacitance i the smallest size. They usually have
their highest capacitance value at 20°C (68° F) and
drop in value as the body is cooled below or lLeated above
room temperature. There are a variety of Hi-K bodies
available. but the user should realize the higher the K,
the greater the changes in capacitance values as the
capacitor is heated or cooled. A K value only as high as
necessary to obtain the value in the required size should
be used. In this way the minimum capacitance variation
with temperature change will be obtained.

Ceramic in Trimmers

Fixed ceramic capacitors available on the market in-
clude tubular, disc, feed-through, and some of the newer
types, such as the monolithics and capacitor chips. How-
ever, in this Special Section, we are concerned with vari-
able capacitors and trimmers.

In the ceramic trimmer capacitors, only the tempera-
ture-compensating dielectrics are used. and for good rea-
sons, These diclectries offer the highest “Q”, the highest
insulation resistance, and the most predictable change in
capacitance with temperature. Most trimmers are used in
frequency-determining circuits, and the improved character-
istics and greater stability of the temperature-compensat-
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ing dielectries are essential for these particular applications.

It is important to understand that the use of tempera-
lure-compensating dielectries in trimmers does not mean
that the dielectries will perform exactly the same as when
these materials are used in fixed disc or fixed tubular ca-
pacitors. In any ceramic trimmer capacitor, the capaci-
tance obtained is not simply dependent upon the charac-
teristies of the dicleetric itselt. In series with the dielectric
in any ceramic trimmer is an air gap or a volume filled
with a grease or lubricant with a higher dielectric constant
than air alone. Thercfore, the temperature characteristics
of a ceramic trimmer capacitor are generally broader than
the fixed capacitor made of the same material. Also, ce-
ramics with larger TC’s usually have higher dielectrie con-
stants, so that higher capacitance values may be obtained.

The ceramic disc trimmer is discussed in another article
in this Special Section. Here, we want to focus on the
ceramic tubular capacitor.

The Tubular Configuration

This type of trimmer capacitor is used in electronie cir-
cuitry because it has excellent reliability coupled with low
cost. A variety of capacitance ranges can be supplied or
tailored to a particular requirement. These values range
from 0.5 pF up to 25 pk.

The most popular tubular configuration has one end that
is notched to fit into a key-hole mounting (Iig. 1). A
screw threaded mto the ceramic body of the trimmer
serves several functions. In addition to holding the capa-
citor upright from the chassis, the screw also serves as the
adjusting element (rotor) to vary the capacitance. The
stator electrode is a metal band painted on the ceramie
body. There is a wide variety of terminal configurations
available from several manufacturers. (See Fig. 2.)

There are two basic diameters of the tubular trimmers,
one designed for use with a #6-32 serew has an outside di-
ameter of 0.215”, while the other is designed for use with
a #1-36 screw in an outside diameter of 0.180”7. These
trimmers are available in five different lengths: 34”7, %",
54”7, 34", and 1” long. These are available in up to ten ter-
minal combinations, including various types of wire break-
outs, solder terminals, tabs, ete. to more readily facilitate
their attachment and wiring into the circuit where they
will be used. Another version of this trimmer is supplied
with stamped terminals for both rotor and stator electrodes.
These trimmer capacitors are designed for horizontal, an-
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gular, or vertical mounting to the chassis. (See Ifig. 3.)
The ceramic malerials that are used for these [rimmers
fall into the temperature-compensating class. Materials
used have TC’s of N220, N400, and N750. In addition,
steatite ceramic (a type of electronic porcelain) is em-
ployed in these trimmers, Steatite is quite dense, 1s very
stable, and functions admirably as an inert dielectric.
Steatite i1s used for the minimum capacitance ranges.

Capacitance values are determined by the selection of
the dielectric materials as well as by use of the different
diameters and lengths. The higher T'C body together with
the larger diameter and greatest length affords the highest
capacitance (up to 25 pl) while the smallest diameter
and shortest length with the steatite body offers the mini-
mum value (0.5 pF to 2.0 pF). A listing of the most
popular values is given in Table 1.

Some 20 percent inereases in minimum and maximum
capacitance limils can be obtained if the space between
the screw thread and the inside thread of the ceramic
body is filled by the manufacturer with a silicone grease.
This option, available at a nominal price inerease, provides
a higher diclectric constant in series with the ceramie di-
electric and increases the total capacitance acecordingly.

The capacitance wersus rotation curve for the tubular
trimmer is a modified sawtooth curve sinee the contact
between the serew Uiread and the internal ceramic thread
varies as the adjustment screw is rolated. However use of
the silicone grease tends to level out the variations in this
capacitance change with rotation. A

Length | Steatite (P120) N220 N400
5.2.0 9-3.0 1.5-6.0
3" 825 1.0.4.0 2.0.7.0
1.0-3.0 2050 2.59.0
1.0-3 5 2.5.5 5% 3.5.10.0%*
325 5.4.0 1.0.7.0
12 5.35 1.0-6.0 1.5.9.0
1.04.0 2.07.0 25125
1.0-5.0%x 2.5.8.0%% 3.5.13.0%*
2:3.0 560 8-8.0
5" 545 1.0-8.0 1.5.12.0
1.0-6.0 2.0-9.0 2.0-15.0
1.0-6.5%% 2.5.10.0%* 2.5.16.0%*
2:4.0 5.8.0 811.0
3,7 460 1.0-10.0 1.0-14.0
1.07.5 2.0-11.0 3.0-18.0
1.0-8.0% 2.5.12.0%% 3.5.20.0%
460 1.0-10.0 1.0-14.0
7 1075 20110 3.0-18.0
1.0-8.0 2.5.12.0 3.5.20.0
1.0-10.0% 2.5.15.0%% 3.5.25.0%

*Note: The addition of silicone grease will increase both the minimum
and maximum capacitance limits approximately 20%.

**Available only on tubular trimmers without mounting Tugs.

Table 1. Capacitance-range chart for the five standard
trimmer lengths. All values are given in picofarads (pF).*

ICA compression trimmer capacitors consist of a low-dielectric-

loss ceramic base and a number of metal plates separated from
each other by a mica dielectric. The movable top plate is made of a
spring material so that uniform torque can be applied to the lower
mica dielectric and plates when the adjusting screw is tightened or
loosened.

Depending on circuit application, two types of variable mica com-
pression capacitors are available from such companies as Electro
Motive Mig. Co. (Elmenco): the physically larger padder type con-
taining from 2-15 plates with nominal maximum capacitance ranges of
130 to 3055 pF for 250 WV d.c. and 120 to 2525 pF for 500 WV d.c;;
and the smaller trimmer type containing from 1l to 15 plates with
nominal maximum capacitance range of 7 to 1400 pF for 175 WV d.c.

The padder types come in three sizes: a 73" x '%{s” single padder,
a 1” x 183" single padder with a nominal maximum capacitance
range of 80 to 240 pF for 175 WV d.c, and a 1%¢" square dual
padder (shown at the left photo) with nominal capacitance range of
80 to 240 pF for 175 WV d.c. The trimmer types also come in three
sizes: standard (34" x %”), miniature (33" x %e”), and midget
(38" x %), with both chassis-mounting and printed-circuit mounting
types available. For printed-circuit use, solid terminal lugs are pro-
vided to permit ease of mounting and to facilitate positioning and
support of the capacitor.

MICA COMPRESSION TRIMMERS

These capacitors are normally supplied with the capacitance ad-
justed to near nominal values, which occur between 14 and 4 turn
from tight, where “tight” is defined as the maximum clockwise rota-
tion of the adjusting screw. Minimum rated capacitance occurs at
3 turns from tight.

Capacitance of mica compression trimmers does not vary linearly
with adjustment. For example, a mica capacitor with six plates will
reduce to half the nominal maximum value within one opening turn
while those with a greater number of plates require further screw
disengagement for a similar percentage reduction in capacitance
value. On the other hand, a capacitor with two plates will reach one-
half the nominal maximum capacitance in less than one-half turn.

The Q" factor for mica compression trimmers and single padders
at nominal capacitance values of 400 and 1000 pF is 700 and at
nominal capacitance values of 1 to 40 pF varies from 100 to 700.
When the capacitors are subjected to a 100-hour humidity test at a
temperature of 40°C and a relative humidity of 90-95%, and then
allowed to remain at room temperature for one hour in circulating
air, the “Q” factor will be reduced 509 for all capacitance values.

Both padder and trimmer capacitors can be obtained with special
adjusting screws for ease of tuning. Special mounting brackets
(shown in the right photo) are available for mounting one, two, three,
or more trimmer capacitors simultaneously. A
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The author is responsible for all components engineering, includ-
ing piston trimmers, fixed and variable ceramic capacitors, and
tuners. A graduate of the University of Southern Califarnia, he has
been active as a design engineer and executive in the electronics
industry since 1949. Prior to joining JFD, he was Director of the
Applied Research Department of Bourns, Inc. and Executive Vice-
President and General Manager of Monolithic Dielectrics Inc. He
holds a dozen U.S. patents for electronic components and related
items, including several patents in the ceramic and thick-film areas.

Glass Piston Trimmer Capacitors

By KENNETH F. MILLER / Chief Engineer

JED Electronics Corp., Components Div. (subsidiary of Riker-Maxson Corp.)

Providing high capacitance for their size, wide adjustment range, high “@Q”,
precision adjustment, and ability to withstand unfavorable environments,
these trimmers are widely employed in aerospace and military equipment.

ISTON trimmers are very useful for circuits where

stable and finely adjustable capacitances are required

and where space is at a premium. For example, they
arc often used to tune filters for if. amplifiers.

A wide variety of piston trimmer types is available. A
single manufacturer may offer as many as 2500 different
standard and custom designs, to meet all types of require-
ments.

There are many different ways to classify piston trim-
mers: by dielectric. by size, sealed and non-sealed, pre-
cision and non-precision, by capacitance range, rotating or
non-rotating piston, by type of mount, by temperature
coefficient, and by number of operating cveles.

Piston Trimmer Construction

Fig. 1.\ shows the construction of a typical panel-mount
piston trimmer. The pislon is one capacitor electrode (ro-
tor) and a metalized coating on the glass tube is the stator.
Current flows through the panel-mount terminal. the bush-
ing, the adjustment serew, Lo the piston electrode. The sta-
tor 1s connected to the other capacitor terminal. When the
adjustment screw is turned, it pushes the piston into the
stator or pulls it out, increasing or decreasing capacitance.

The first step in manufacturing a glass piston trimmer is
to draw the glass diclectric tube to a size slightly larger
than the specified final diameter. The glass used is care-
fully compounded to produce the desired dielectric proper-
ties of high K and high "@." Then silver bands are printed
around the glass. It is important that the silver bands be
solid and homogeneous with a high-strength houd to the
glass tube. The bond is achieved by fusing the bands at
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1400° I'. During fusion the diameler of the glass tube is re-
duced to the precise diameter required in the final product.
The bands are then plated to reduce resistance and inprove
the solderability. Finally. the glass is cut to the necessary
lengths, fitted with bushings and terminals, and an adjust-
ment mechanism.

Fig. 1B shows the construction of a sealed minmature tele-
scopic mechanism. The diameter is about the smne as that
of a standard piston trinmer, but the unit is much shorter.

A typical sealed panel-mount glass piston trimmer capacitor.
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Some examples of typical unsealed glass piston trimmer ca-
pacitors, including printed-circuit and panel-mounted types.

The threads of the screw engage mating threads on a slotted
Hange extension of the inner bushing. Torque 1s supplied
by the tension ring, which fits in a slot on the flange. The
O-ring seal increases moisture resistance, insulation resis-
tance, and dicleetrie strength.

A long-life scaled telescopic piston trimmer is shown in
Fig. 1C. This type of nmiechanisin is designed to permit a
very large munber of adjustments (500 or more cycles) .
Tension is applied to the adjustinent screw by two axially
spring-loaded tensioning nuts. These lensioning nuls fit
into 90-degree opposing channels of the mounting bushing
and provide torque to prevent aceidental rotation of the
lead-screw as well as eliminate backlash.

Some piston trimmers use a non-rotating, or direct tra-
verse mechanisnt. At the end of the piston are two shaped
slots. The arms of the bushing it into these slots, keeping
the pistons from rotating. As the tuning screw is turned.
the piston moves from thread to thread, producing in and
out movement. The tuning serew rotates, but does not
nmove in and out with the piston.

The mechanism shown in Fig. 1D is a very long-life
(10.000 cvcle) non-rotating tvpe. Backlash is eliminated
by two tension nuts, one of which is an integral part of the
inner piston assembly. The other tension nut rides in 180-
degree opposed slots in an extension of the mounting base.
A simple spring is mounted hetween the two tension nuts.
This prevents backlash with the tuning screw. which re-
mains stationary in the adjustment well. Torque can be
preset to any value belween 1 and 10 inch-ounces (= 0.5
inch-ounce). Torque is conlrolled by an axial biasing
spring between the bushing and the adjustment screw. This

trimmer uses an embedded stator to increase capacitance.

The MIL-Spee for piston trimmers is MIL-C-11109C.
This spec covers 15 different types of piston trimmers, plus
concentric-shell air-dielectrie trimmers.

When to Use Piston Trimmers

The prime advantage of a piston trimimer capacitor over
other types is that it provides higher capacitance for a
given size. Equally important, the capacitance-adjustment
range of a piston trimmer is greater than that of almost
any other trimmer type. Also, piston trimmers provide
good temperature compensation, high “@,” and the ability
lo withstand unfavorable environments.

Piston trimmers have been widely used in missiles, satel-
lites, space vehicles, as wdll as in other military and in-
dustrial applications, Piston trimmers, for example, have
been used in the Apollo 11 and 12 lunar modules, Gemini
and Minutemen “birds,” as well as in more down-to-carth
equipnient.

On the other hand, piston triminers are not recommended
for extremely high capacitance or microwave applications.
They are not the best choice for frequencies above 1.0
GHz because the “Q7 is reduced rapidly at higher fre-
quencies and stray inductance causes self-resonance at
about this {requency.

The maximum capacitance that currently available piston
trimmers can provide ix about 300 pF. They can also be
made for capacitances as low as 0.5 to 2 pl.

How to Select Piston Trimmers

Because such a wide range of piston trimmers is available,
it’s not always casy to seleet the best one for each specifie
application, The following guidelines should be helpful.

1. Precision or Non-Precision

Most piston trimmer capacitors used today are precision
types. The air gap between piston and the dielectric wall
is held to about 0.0004 inch. This requires that the inner
diameter of the tube and the outer diameter of the piston he
very precise. Ifurther, dielectric tubing is made virtually
stress- and scratch-free and inner walls are polished to a
smooth, mirror-like finish, reducing friction. That users can
buy piston trimmers this precise for less than $1.00 is a
tribute to modern manufacturing techniques.

Non-precision  pislon trimmers are also available, but
they are not as widely used. They cost less, of course, and
are Lhere ore suitable for consumer applications, such as TV
sets and other home-entertainment equipment.

Precision 4-gang tuning capacitor made from glass piston capacitors, showing movement of tuning meéchanism.
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Fig. 1. {A) Cross-section of a typical panel-mount piston trimmer. (B) Telescopic adjustment mechanism used in mini-
ature sealed trimmer. {C) Long-life (500 cycles) mechanism used in miniature sealed trimmer. (D) Very long-life
(10,000 cycles) sliding travel adjustment mechanism, along with embedded electrodes and sealed construction.

2. Type of Dielectric

Piston trimmers use four kinds of dielectrics: standard
glass, green glass, quartz, and ceramic. You choose the
diclectric on the basis of the capacitance, size, voltage, and
“@” required in your cireuit.

It size is not a problem, vou will probably select an ordi-
nary glass dicleetric with a dielectric constant (K) of about
6.7 and a dissipation factor of approximately 0.0012 at 1
MHz. If you need more capacitance in a given size, you will
probably choose green glass as a dielectrie. Green glass has
a dielectric constant of 8.3 and a dissipation factor of 0.0007.
Thus, it can increase both capacitance and “Q.” Green-glass
trimmers typically have capacitances about 80 percent
greater and “Q)” about 25 percent higher than ordinary glass
types.

It very high “Q7 is required, quartz may be the solution.
Quartz is expensive but its dissipation faclor is extremely
low. However, the dieleetrie constant is only abonut 8 so that
the available capacitance is lower or the size must be in-
creased. Quartz units can also provide better temperature
compensation.

Ceranmic dielectric with a dielectric constant of 88 is
called for when a low-cost high-capacitanee trimmer is
desired. The operating temperature range of ceramic piston
trimmer capacitors is also higher, being —55 to +150°C
compared with —355 to +125°C for glass. These advantages
are offset by considerably higher temperature coefficient
than for quartz or glass.

For maximum capacitance in a given size, embedded hands
may be employved. Obviously, reducing the distance between
the plates increases capacitance. In a piston trimmer. we
do this by embedding the stator melalization between two
layers of glass tubing (see Fig. 1D). The first layer is very
thin (0,004 to 0.006 in compared with 0.020 in used on or-
dinary piston trimmers) . It is coated with a metalized band
and is then bonded to a thicker outer glass layer for strength,
Contact electrodes arve coated on the outside of this thicker
layer of tubing. Thus, the stator is only as far away from
the piston as the thickness of the thin inner glass layer of
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tubing. Embedded piston trimmers provide a 300 to 600 per-
cent inerease in capacitance,
3. Sealed or Non-Sealed

As indicated in Fig. 1, some piston trimmers use an O-ring
seal at the tuning-screw end. These trimmers also use a
glass or metal seal at the other end of the piston trimmer.
Such units are known as “sealed” piston trimmers and they
provide environmental proteetion against dust and moisture.
Sealed glass piston trimmers can also handle higher voltages,
since glass has greater dielectric strength than air. If vou
anticipate a hostile environment, use a scaled unit. Other-
wise a non-sealed piston trimmier is a belter choice, since it
costs less.

4. Type of TC

Temperature coeflicient is usually specified in ppm/°C
(parts per million per degree centigrade) over the operating
range of the piston trimmer. Some glass units go as high as
+ 450 ppm/°C, but most are in the range of =350 ppm/°C
to =100 ppm/°C. The TC of quartz is better, generally
about £25 ppm/°C.

6. Type of Leads

Onece you have chosen the desired clectrical characteris-
tics, vou will have to consider the problem of mounting. Pis-
ton trimmers are available with a wide variety of lead tvpes,
but four styles are basic: panel-inount, f-wire printed-cir-
cuit mount, 2-wire printed-circuit mount, and lug and lead
printed-circuit inount. It the trimmer is to be welded, rather
than soldered, a dumet lead (a gold-plated nickel alloy)
15 preferred.

Normnally, panel-mounted piston trimmers are grounded.
However. most panel-mount units can be ordered with nylon
bushings to insulate themn from ground. Top-end tuning may
be desirable on a printed-cireuit-mounted unit. This can
eaxily be accomplished by using special miniature PC-mnonnt
trimmers.

6. Type of Tuning Mechanismn

As discussed previously, you can choose between two
basic types of tuning mechanisms: rotating or non-rotating.
There has been a controversy within the industry as to

a7
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(A) (8)

Fig. 2. (A) Straight-line frequency stator metaliza-
tion is available, and (B) split-stator metalization.

which is better. Proponents of direct traverse mechanisms
claim that rotating mechauisms eause reversals. They say
that because the piston moves closer and farther away from
the stalor. capacitance sometimes changes in the wrong di-
rection. This, of course. could be very disconcerting o the
engineer or tecliician tuning the circuit. In truth, however,
reversals are virtually unknown in precision piston trimmers
of any tvpe. Rotating piston lrimmers are subjeet to flats
(places where capacitance does not change when the tuning
serew 1s adjusted), but this is seldom detectable in practical
use.

Non-rotating mechanisms provide better linearity, but
rotating mechanisms have advantages too. Dollar for dollar,
they are more stable and last longer. One way of putting the
controversy into perspective is to consider sales figures. At
present, rotating types outsell non-rotating tvpes by a ratio
ol at least 10 to 1.

Another important factor in choosing a tuning mechanism
is the number of eycles of adjustment that will be required
during the life of the piston trimmer. Most piston trimmers
are specified to 500 cycles or more. Where long life is re-
quired, spring-loaded mechanisms are used (Iig. 1C) rather
than the simpler split-collet (Fig. 1A) types. The mecha-
nism shown in Fig. 1D is better still, providing an adjust-
ment life of 10,000 cycles.

The unit with the longest adjustment life is not always
the best choice, however, since long-life mechanisms cost
more than ordinary mechanisms. Since trimming is basically
a touch-up adjustment, it is rare that a piston trimmer is
tuned more than 500 times during its lifetime.

Special Piston Capacitor Types

A number of unusual piston capacitors can be made to
meet specific requirements. For example, most piston
trimmers provide straight-line capacitance adjustment, but
exponential capacitance for straight-line frequency adjust-
ment units are also available.
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To make an exponential trimmer. the glass tube is metal-
ized in a paltern that 1s an exponential function of distance,
as shown in Fig. 2A. Exponential metalizing is available as
a “special” on almost any Lype of piston trimmer. It is very
useful for applications where the top end of a {frequency
band is crowded, requiring very precise adjustment. Special
spiral metalizing is also available to form inductors, LC
tuners, and transforiners.

Fig. 2B shows the stator assembly of another specialized
piston trimmer, the split-stator type. Because of split-stator
metalizing, this i1s actually two capacitors in one. Each
separate stator electrode has capacitance to the common
piston. Thus. tracking is virtually error-free. Split-stutor
units ave ideal for push-pull applications. Another applica-
tion is to reduce piston mductance by connecting to the
Lwo stator electrodes and insulating the moving piston.

Another special configuration is obtained by differential
melalizing. In this case two =eparate complete (not split)
stator bands are used and the piston moves between the
two stator bands. As capacitance between the piston and
one stator is increased, capacitance between the piston and
the other stutor is decreased. The crossover point is where
the piston is equidistant from the two stators. Tuning is
quite linear and sensitive. What’s more, the sum of the two
capacitances is nearly constant,

Some special piston trimmers are available to vary tem-
peralure compensation. rather than capacitance. When you
tunc a variable-TC piston trimmer, TC changes from maxi-
mum positive 1o maximum negative while the capacitance
remains constant. This is accomplished by use of a special
type of split-stator design in which the malterials used and
the constritction of the piston are such as to change the TC
depending on the position of the piston. The TC range of
variations may be us high as £800 ppim/“C. These unils are
especially useful to trim the temperature coefficients of
crystal-controlled oscillator and filter circuits.

Piston Tuners

Most piston capacitors are used as trimmers, but the de-
sign is also excellent for tuning capacitors and tuned cireuits,
The coil for the tuned circuit is a silver metalized inductor
fired onto the glass tubular element at the same time as the
capacitor clectrodes are formed.

Piston tuners are remarkably small, stable, and versatile.
They can be used to provide precise tuning with high
linearity for both straight-line capacitance and straight-line
frequency applications.

The main difference between a piston tuner and a piston
trimmer is the tuning mechanism. Piston tuners have lin-
carities as good as one percent and are capable of 30,000
to 30,000 life cycles.

A t-ganged piston tuner is shown in one of the photos.
Units of this type utilizing modular construction can be pro-
vided with up to eight sections. Thus, a very wide range of
types is available on a custom basis. Tuners may be strictly
a number of piston capacitors ganged together or the capaci-
tors may have metalized coils on the glass dielectrie, result-
ing in ganged tuned circuts.

The Future of Piston Capacitors

Over the next 5 to 10 years, piston trimmers will probably
retain their edge over other trimmers as the use of integrated
circuits increases, except where extremely small size is the
prime consideration. However. it is unlikely that piston
trimmers will find a place in thick-film circuits. They will
probably be replaced by some as yet undeveloped type of
trimmer.

Sales of piston trimmers are likely to continue strong
during the early 1970, but they will probably begin to fall
off during the last half of the decade. Piston tuners, on the
other hand, will probably become much more popular in the
near future, as new applications are found. A
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The auvthor graduated in Mechanical Engineering
in 1963 from Gannen College, Erie, Pa. He has
werked in various copacities in engineering ce-
ramic, glass, air, and plastic-dielectric trimmers.

Ceramic Disc Trimmer Capacitors

By JOHN F. MOULTHROP ; supervising Engineer

Trimmer Products, Erie Technological Products

This popular trimmer type has undergone an evolution in
size and voltage rating to keep pace with needs of industry.

ERAMIC disc trimnier capacitors have heen manu-
factured in the United States for about 30 vears and
have become the most popular type used. During this

time they have undergone an evolution i size and voltage
rating to keep pace with the requirements of the electronics
industry. They have found wide acceptance because of their
good volumetric efficiency, high “Q,” ease of tuning, numer-
ous terminal configurations, and unique construction.

A ceramic disc trimmer has three main parts: the stator,
rotor, and dielectric. The stator electrode 1s a metallized
pattern deposited on a lapped low-loss ceramic base. The
rotor electrode is a metallized pattern deposited on the rotor.
The dielectric is a temperature-compensating ceramic dise
lapped to a given thickness. Turning the rotor varies the
overlapped area between the rotor and stator electrodes,
thus varying the capacitance. Trimmers are available in
capacitance ranges from 1-3 pF to 11-110 pF depending on
the rotor size and the dielectric material used. The typical
“@Q” of a ceramic disc trimmer is in excess of 1000 at 1 MHz.

The full capacitance range in most dise-style trimmer
capacitors is covered in 180-degree rotation of the rotor.
The best designs allow the greatest possible rotation in the
linear portion of the tuning curve (Fig. 1) .

To obtain the various capacitance ranges, dielectrics
with dielectric constants (K) of 7 to 190 are used. These
correspond to temperature characteristics of P120 and
N1500. Because of the construction of disc-style ceramic
trimmers, the completed trimmer does not exactly reflect
the temperature coefficient (TC) of the dielectric material
used. For this reason these trimmers should not be relied
upon as temperature compensating capacitors. This wide
range of TC is reflected in the requirements of MIL-C-81,
which is the military specification covering five styles of
ceramic trimmers. These broad limits are shown in Table 1.

The five styles covered in MIL-C-81 have two separate
diameters and voltage ratings. CV11, CV14, and CV21 have
0.656-in diameter rotors and are rated at 500 V d.c. CV31
and CV34 are 0.8375-in diameter and 350 V d.c. rated. The
specification temperature range is —55° C to +85° C but the
trimmers are capable of 125° C operation.

Ceramic trimmers are available in two general tempera-
ture ranges: —55° C to +85° C and —55° C to +125° C.
The 85° C-rated styles use certain materials in their con-
struction which limit the upper working temperature. For
cquipment designs which will not exceed 85° C, these trim-

~0

mers are available at generally lower prices than the 125
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C-rated units. Only ceramic and metal parts are used in the
design of 125" C-rated trimmers.

Specifying a Disc Trimmer

When a user needs to specify a trimmer capacitor, he
must first consider what capacitance range he will require
o tune his circuit by taking into account various tolerances
of other components. In any disc-style trimmer the slope
of the tuning curve varies with the capacitance range since
the full range is covered in a maximum of 180 degrees. The
larger the capacitance range the greater the change of ca-
pacitance per degree rotation of the rotor.

Voltage requirements are another factor for the designer
to consider. Ceramic triminers are designed so thal they
will withstand life testing at twice their rated voltage at the
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Fig. 1. Capacitance vs rotation for ceramic disc trimmer.

Table 1. Capacitance change limits versus temperature.

oo | PR A s

Nominal| Type | —55°C | +85°C | 4125°

Constant| Code | Min, | Max. | Min. | Max. | Min. | Max.
30 [ A |—45 | 420 —25 | 420 | —42 | +34
45 | B |—10 | +35| —25  —05 | —42 | —08
50 | C |—10 | +65| —40 —10 | —67 —17
57 | D |415 | +70( —50 | =15 | —85 | 25
90 | E [ +175| +80| —575| —1.75 —95 —28
180 | F | 460 | +160|—110 —60 |—150 —90
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(A) These are the five styles of trimmer capacitors covered in MIL-C-81B. (B) Ceramic disc frimmers shown actual
size illustrate the evolution in size over a period of 30 years. {C) Examples of 85° C-rated trimmer capacitors.

maximum operating temperature for 1000 hours without
serious degradation. Some cerimic dielectries have voltage
characteristics which make it necessary to de-rate the volt-
age 1ating above 85° C. The early designs used dielectries
about 0.020-in thick and were rated at 500 V d.c. As the
units became smaller the dielectric thicknesses had to be
reduced to furnish useful capacitance ranges. Today, through
the use of monolithie construction, dielectries less than
0.005 in are common. Trimmers using this range of thick-
ness are rited at 100 V d.c. or less.

With the use of smaller and more tightly spaced compo-
nents, size becomes an important consideration in trimmer
requirements. Because of the higher K's available in ce-
ramic dielectries, ceranne trimmers are smaller than other
tapes. Also with a wide choice of K’s many capacitance
ranges are possible.

Another important point is that ceramie trimmers do
not change size with capacitance range as do most tubular
or plate-type air trimmers.

However, there are two reasous for limiting the use of di-
electries with K’s exceeding 200. The first is that these dielec-
tries are charaeteristically too thermally unstable for use
i a trimmer. It would be very difficult to tune a cirenit
using such a trimmer because of the vague capacitance drift
associated with the trimmer. The second reason is that a
ceramic dise trimmer is actually two capacitors in series.
One capacitance is due to the dielectric and the other due Lo
the air gap between the dielectrie and the stator. The total
capacitance is affected by the dielectric constant multiplied
by the air-gap thickness. As the K becomes larger. the trim-
mer capacitance does not increase in direct proportion.
When K is increased above 200. the increase in total capaci-
tance is slight and does not justify the use of such materials.

The “Q” or dissipation factor of the trimmer usually does
not affect "Q" of the circnit since other components have
much higher losses than the capacitor. Most ceramic trim-
mers have a minimum Q" in excess of 500 at 1 Mz Typi-
cally, “Q” exceeds 1000 in nearly all cases.

Geometrie Shapes and Mounting

The geometric shape of the trimmer and its mounting con-
figuration have as muel effect on its frequeney character-
istics as the dielectric. In the case of ceramic disc styles. the
resonant frequency is in the 400-600 Mz range. This does
not mean that the dielectrics used are limited to these fre-
quencies but only that the particular combination of com-
ponents shows these characteristics.

Tubular-style trimmers show much higher resonant fre-
guencies than disc ceramic styles. Glass trimmers arve good
to approximately 1 GHz. Coaxial air trimmers exhibit
resonant frequencies well above 1 GHz. These figures depend
on capacitance setting, configuration, and fixturing.

When the type of trimmer and capacitance range are de-
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cided upon, the mounting style must be investigated. There
are a great many terminal configurations and mounting
types available in all styles of trinnuers. Ceramic trimmers
offer a large number of printed-cireuit, point-to-point, hori-
zomtal, vertical, and hardware mountings. The type of
niountings available to fit an individual application is best
determined from manufacturers’ catalogues or by contact-
ing the mauufacturer directly. Most supphers welcoute a
chance to help a user by providing special configurations.

some hints on installing printed-circuit-style trimmers
may be useful. When terminals are inserted through the
board and erimped, care should be taken that undue foree
is not applied to the terminals when they are crimped. This
may physically damage connections or even hreak the part.
When the board is passed over a solder wave, the tempera-
ture of the solder and the duration of high temperature ex-
posure must be noted. Too much time or too high a temper-
ature can damage solder joints in the trimmer. With
trimmers whieh utilize organic materials, temperatures
must be reduced to avoid damage.

Flux during both the soldering and eleaning operations
can cause problems. Flux residues can form around the
rotor shaft and between the lapped surfaces. This can cause
frozen rotors, poor “Q,” and rough adjustment torque. A
minimum amount of flux is recommended for soldering.
The Freon or chlorethene solvents must be kept clean to

Table 2. Comparison of several styles of trimmer capacitors.

TRIMMER TYPE
& APPROX. COST

ADVANTAGES

DISADVANTAGES

Ceramic disc
$.30—.40 each

Small size, rugged,
fast accurate tuning,
stable

Limited in operating
frequency

Glass tubular

Fine tuning, good TC,

Fragile, relatively

$.60—-.90 each good high-frequency large in size
performance

Air disc Fast accurate tuning, Large in size, sus-

$.25—.30 each high “Q,” stable, good | ceptible to voltage

at r.f. frequencies

Air coaxial
$1.75 each

High “Q,” good at r.f.
frequencies, fine
tuning, excellent TC

breakdown and dirt
contamination

Expensive, relatively
large in size, sus-
ceptible to voitage
breakdown

Mica compression
$.10—.15 each

Large capacitance
ranges, low cost

Non-linear tuning,
poor stability

Ceramic threaded | Low cost Poor stability
tubular

$.04-.05 each

Piastic High “Q,” good Limited in tempera-

$.15—.20 each stability ture range and in

capacitance range
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prevent dissolved flux from hardening on all surfaces. The
time in cleaning solvents must be kept to a mmimum to
avoid washing away the lnbricants from between the rotor
and base. Certain solvents will attack the organic parts of
some styles of trimmers. The user should experiment with
his particular soldering and cleaning procedures in order

to determine the best processing methods to be apphed.

Ceramie trimmers are available from domestic and foreign
sources. Presently there are four U.S. suppliers as well as
European and Japanese manufacturers. Table 2 has been
mcluded for easy comparison of the various style trimmer
capacitors currently available. A

By LARRY G. FISCHER / Components Development Engineer, E.F. Johnson Co.

HE Teflon trimmer capacitor has been made possible

by the development of Teflon (dul’ont registered trade-
mark) tetraflnorocthylene resins. These resins are members
of the luorocarbon family and possess unique electrical and
mechanical properties which are highly desirable in trimmer
capacilors.

Teflon is often used tor its outstanding chemical inertness
and low coefficient of friction. Other desirable physical
properties include a low moisture adsorption rate of less
than 0.01¢ which contributes to its high surface resistivity
(greater than 10" ohms at 1009 relative humidity) . The
material has exceptionally good thermal stability between
—400° F and +500° F. The tetrafluoroethylene resins are
excellent insulators and have high arc resistance. When
exposed to an are, the malerial vaporizes and leaves no
carbonized path. The short-term  dielectric strength  of
Teflon is quite high. varying around 300 volts per il
depending on the Uhickness. The diclectric constant is low
(approximately 2.02) and is unchanged from 60 Hz to
3000 MH=~.

Because the dissipation factor of Teflon is small—lesx
than 0.0003 from 60 Hz to 3000 M1z, Q" is relatively ngh.
=" will also be quite constant over a wide frequency range
because the dissipation factor is quite constant. Data ob-
tained from a bateh of Teflon (rimmer capacitors is shown
m Fig. 1.

When telrafluoroethvlene resin is properly used as a di-
clectrie, one can obtain a capacitor which iz electrically
stable over a wide range of conditions. The Teflon trimmer
capacitor, constructed as shown in Fig. 2, is such a device.
By designing the parts so that the Teflon displaces all
possible air from between the rotor and the stator, the
chance of variations in capacitance due to entrapped air is
held to a minimum. The Teflon must be compressed when it
is forced into the stator shell. The rotor screw then fits
Lightly into the Teflon. This method of construction also
keeps all foreign particles, such as dust. moisture, and solder
flux. from conlaminating the dielectric and degrading the
performance of the capuacilor.

The capacitance is adjusted by turning the rotor screw in
or out of the Teflon dielectric. The fine threads on this serew
give a high degree of resolution to the adjustment so minute
changes in capacitance can be made easily. This construction
also reduces the nummber of parts needed in the capacitor,
resulting in lower cost and greater reliability.

Capacitors using TeHlon as a dielectric may also be con-
structed by two other methods: (1) substituting Teflon for
air in a multi-plate capacitor, and (2) shding a Teflon
coated rotor in or out of a shell. Neither method utilizes
Teflon toits fullest advantage hecause air is not completely
elimimated. Contaminates may therefore come between the
Teflon dielectric and rotor or stator to affect the set capaci-
tance.

The high-voltage resistance of Teflon enables the trimmer
to be used where other dielectrics would sutfer from break-
down. The trimmer is cspeciallv useful in filter networks
that require careful adjustiment and long-term stability.
Test-equipment manufacturers have found it ideal for use
m equipment subject to extreme environmental conditions
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where moisture. dust, or shock could disrupt other tvpes of
capacitors. Circuits used over very wide frequency ranges,
especially i the v.hif. and u.hf. regions. will benefit from
the exceptionally stable “Q.” .\ limitation of this capacitor,
however, is the maximum capacitance that can be casily
obtained. Values above 5 pl¥ are not common in this type
of trimmer capacitor.

The unique mounting features of this trinnmer provide two
distinet advantages: (1) It can be readily used in circuits
where minimum lead length is of vital importance. (2} The
printed-eircuit mounting features of the device enable it to
be placed dirvectly on the PC board by modern assembly
equipment. Pauel-mounted versions are also available,
Typical prices are from H¢ to G0¢ in small lots. A

1
MEASUREMENTS TAKEN ON
190A BOOKTOK ‘3" METER

]

TEFLON TRIMMER
| ]

F1G.1-"Q" vs FREQUENCY {TYPICAL)
,

O 50 ™ oo |zls 156 T n;a ~ 200
FREQUENCY-MHz
FIG. 1
STATOR TEFLON ROTOR
FIG. 2

Four common versions of Teflon dielectric trimmer capac-
itors showing the various mounting configurations used.
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The author joined JMC in 1951. For the
past ten years he has been actively en-
gaged in the development of new products.
At the present time, he is working on
improving capacitor production methods.

Air Tubular Trimmer Capacitors

By ROBERT HOWERING / Manager of Engineering

Johanson Manufacturing Corp.

This precision trimmer features small size, good
stability, high resolution, and a maximum “Q,”
particularly at the higher operating frequencies.

VARIABLE capacitor must perform in a predict-
able and consistent manner. It must be accurate,
stable, and may have to be small enough to be used
with micro-circuits. It cannot have dips or reversals which
will give false peaks or null points. It should provide high
resolntion through fine tuning, which is especially important
in making critical adjustments at the higher frequencies.
Once adjusted, it should be able to hold that adjustment
under a wide range of stresses, both phyvsical and electrical.
The air tubular trimmer meets all these requirements.
Its tubular construction has the physical strength of a
colummn, where stress is equally distributed. Indeed, air
tubular trinmers have landed on the Moon—have been
dropped from planes—and have even been shot from can-
nons. Because of its axial construction, it also has both
tower inductance and higher “Q” values. And it has no
detrimental mechanical resonant frequency points which
might induce microphonies or physical fatigue. Lastly, a
tubular air trimmer employs the stable. consistently pre-
dictable. and least expensive dielectrie there is—air,
However, there are factors that may dictate the use of
other dielectrics. One of these is dielectric strength or
breakdown. Because size is often important, the dielectrie
thickness must be kept small. This results in lower break-
down voltages, around 1000 V d.c. or less. Other dielectries
will afford higher voltage ratings, but equally important
charactervisties, such as “Q,” slabiiity and mechanical
strength, mayv have to be compromised. Another factor
may be the need for higher capacitance in a given size. This
requires the use of a dielectric with a dielectric constant
that 1s greater than air.
Stll another factor is cost. The use of air in a miniature
trimmer requires the electrodes to be held in precise posi-
tion relative to each other over the entire capacitance
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range, and to tolerances of tens of thousandths of an inch.
This must be accomplished without the use of any guides
or supports in between the electrodes to degrade the prop-
erties of air. This means relatively expensive production.
But today the tubular air capacitor can be produced more
cconomically than ever before due to careful design; the use
of high-speed precision equipment, and accurate, skillful
assembly by experienced people. So cost is becoming less of
a consideration in selection. (Present prices range from
about $3.50 to $6.00 each In quantities up to 1000.)

The stability and dependabilily of the tubular air capaci-
tor have led to considerable acceptance of it for applications
in critical and even hostile environments, such as the satel-
lite and space programs. There are 7+ in Syncom II alone,
and others are destined to land on Mars. It is not msignifi-
cant that the air tubular, which works at frequencies from
v.Lf. up to uw.hi. is the only capacitor that will work into
the microwave ranges. Some smaller models, which work
in the C- and X-band regions, are self-resonant above 10
GHz. One interesting miniature type for such applications is
supplied for mounting the same way that a fixed chip capaci-
tor is mounted. The vertical mounting style has hecome very
popular because it facilitates mounting the trimmer in ap-
proximalely half the usual space, anywhere in the cireuit.

Types and Characteristics

Specifications permitting, the tubular air trimmer can be
usedd m any application currently using other trimmers.
And it is usable where higher orders of “@ and optimum
stability are required. A listing of typical specifications is
given in Table 1.

While at least four designs of rotors and associated
lorque-mainlaining devices are available. the basie structure
in all cases is similar. Capacitance is established and varied
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by means of coaxial tubes moved laterally, avith the air
dielectric between the tubes. These tubes are housed in a
ceramic insulator, with the assembly joined by solder.

Units of %:-in diameter, in the 0.8 to 10-pF range and
with standard connections are the most in demand, thus
are produced in the largest quantity and represent the
lowest cost. This demand does, however, appear to be
stabilizing, while demand for the smaller sizes (0.220-in
diameter, 0.1 to 10 pF, and 0.1t5-in diameter, 0.35 to 5 pF)
15 rapidly increasing.

MIL-Specification

In mid-1969, MIL-C-1 1409 was revised, and the tubular
air trimmer was for the first time included in a MIL-Spec.
Styles PC 25 and IPC 26 are listed under /12 and /13 of
MIL-C-14409C. This Spec offers only a limited choice, two
configurations of the %2-in diameter, 0.8 to 10 pF, being
listed. The MIL requirements are substantially less than
the capability of these untts; stock trimmers offer greater
stability and stress-handling capability than the Spee calls
for.

Certain designs present problems in connection with the
phenomenon termed “dynamic noise.” This condition is the
result of varying contact resistance between the rotor and
its mount, and is apparent only under certain conditions of
higher frequency and of cireuit confignration. “Noise-free”
designs are available, and the user is strongly advised to
inake his parts choice carefully where noise may be a con-
sideration.

Future Outlook

As frequencies go higher, the obvious direction for the
capacitor is toward still smaller sizes. We look to narrower
air gaps i the coaxial structure. This will be accomplished
by refining manufacturing techniques to allow less air gap
without atfecting linearity or other parameters. This will
result in higher capacitance in the same package, or equal
capacitance in a smaller package.

We look forward to development, by the instrument
makers, of an accurate “Q7-measurement device at the
higher Trequencies—the higher the better. We wounld also
hope for more acenrate capacitance bridges at the lower
values of capacitance.

The concern with “noise” will no doubt increase. This
will probably lead to the developmenl of comprehensive
noisc specifications.

As user knowledge and acceptance increase, we expect

Cutaway view of a typical air tubular trimmer capacitor.
The stator and rotor electrodes are coaxial metal tubes,
separated by air as the dielectric, which intermesh as
the adjustment screw is rotated to provide the variation
in capacitance. A threaded-on cap with a silicone rubber
washer is normally used to cover the screw and seal the
trimmer. Units are available in gold, silver, chromate
finish. The materials used in the trimmer are Invar and
brass, while the supporting ceramic insulation is glazed
alumina. High-temperature solder is used in the assembly.

The air tubular at left is designed for PC-board mounting;
unit at right is for panel mounting, with turret terminal.

that a MIL-Spec will develop for this tvpe—satisfving the
demand for stress capabilities in excess of MIL-C-14409.
In the process, we believe the demand for the air tubular
trimmer will continue to rise. A

Table 1. Specifications for a line of air tubulars, The various types are available in a variety of mounting configura-
tions, including panel-mount, PC-board mount, and strip-line mount. Lug, lead, or turret terminals are available.

SERIES 5200 5400 5500 5600 5700 5800
Capacitance (pF) 0.8-10 1.14 1.20 1.30 0.66 0.4-3.5
Die'e(c\}”g_cs_)“e”gth | 500 500 500 ] 500 500 500

ol  >5000 >3000 >-1500 >1000 10,000 10,000
Insul. Res. (M) >106 >106 >108 >100 | >10¢ >100

TC (ppm/°C) 0 +15 0 =25 _ 0 +30 o o 0 =15 -
Torque (in-o0z) 1-5 1-5 1-5 1-5 a 0.4-4 0.3-3

Notes: Capacitance measured at 1 MHz: Q" measured at 100 MHz at max. C: Temp. Range — 65 to + 125° C.
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The author, Assoc. Professor of Electrical Engineering at Pratt
Institute, received his B.E.E. cum laude from CCNY in 1951 and
attended Columbia and Hofstra Universities {M.A. in Physics,
1958). His areas of interest are solid-state electronics and com-
puter logic. He is the co-author of ‘'Semiconductor Fundamentals:
Devices and Circuits’’ and is currently at work on a new book,
“'Electronic Circuit Analysis’’ which will be published very soon.

esigning LC Tuned Circuts

By A. H. SEIDMAN / Contributing Editor

How to choose the proper capacitance valie for a given tuning range
and how to properly temperature compensate resonant circuits. Also
included are many practical examples tllustrating circuit design.

HE other articles in this Special Seetion deseribed
several types of variable capacitors that represent
the present state-of-the-art. Informaiion gained
from these articles should enable the engineer and techni-
cian to seleet the right variable capacitor for a particular
application. There are some questions, however, that re-
main unanswered. For example: What range of C is
required to cover a band of frequencies? What is the sig-
nificance of the L/C ratio? What should the voltage rat-
ing of a capacitor be? If a variable capacitor having a
negative temperature coefficient is needed, how should it
be specified?
The object of this article is to supply the reader with

(A) (8)

Fig. 1. The series RLC circuit along with its characteristics.

Fig. 2. Current, impedance, and admittance of series
RLC circuit is shown here along with the bandwidth,
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design  procedures, illustrated by praclical examples. to
permit him to arrive at answers to these and other ques-
tions pertaining to LC tuned circuits.

Series RLC Circuits

In communications circuits, like those found in receiv-
ers, one desired lrequencey must be selected from many
while all other frequencies are rejected. Two methods gen-
crally employed for accomplishing this depend on the prop-
ertics of series and parallel RLC vesonant circuits.

Consider the series RLC tuned circuit of Fig. 1A, Its
nmpedance Z 1s:

Z.= R+ (oL — 1/0C)

where o (=2xf) is the angular frequeney in radians per
second. Resistanee R is the total series resistance of the
circuit including the winding resistance of the coil. The
variations in reactances X; = oL and X, = —1/oC with
frequency are shown n Fig. 1B. Note that at one, and only
one frequency, f,, X, = X Frequeney f, is the resonant
frequency and at this frequency the circuit is said to be in
resonance. At the resonant frequency of a series tuned cir-
cuit, Z = R and is therefore real, and current I 1s maximum
and in phase with the impressed sinusoidal voltage E (power
factor is theretfore unity). The resonant frequency f, may
be determined by equating X to X and solving for f.
the result obtained is:

1 0.159

b= Bt

2m/LC  ~/LC
where L is in henrys and C is in farads.

Plots of Z and I as a function of frequency are given in
Fig. 2A. To obtain further insight into the series RLC circuit
it is useful to plot the magnitude of the ratio of the admit-
tance ¥ (¥ = 1/Z) to its value at resonance (which is equal
to 1/R = G) as a function of frequency. This normalized
plot is shown in Fig. 2B. The expression for |V|/( is given

by:
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Y] s (2)
G 1 1\
1 oL —
BE /{-’(” c)
We can now define the @ of such a series circuit as:
. Q.\ = mt-L/R .............................. (3;1)
Since we = 1/\/LC, we can also express @, by:
_11L ]
Q.= Rl G (3b)
In terms of @, equation (2) may he expressed by:
¥ 1
................. (4)

% |1+ Q;—‘( F_ L-)”
foo o
From Fig. 2B, it can be seen that the handwidih, B, of the
series RLC cireuit is equal to the range of frequencies f2 — f1
where the magnitude of |Y|[/G = 0.707 1ts value at the reso-
nant frequency; the frequencies at which the magnitude is
equal to the 0.707 value are also referred to as the half-
power or —3 dB points. Using equation (4) we obtain:

B =2xf,/Q, or e RI/NLIC ............... T ()

Bused on equation (3) we can then state that for a given
value of R. the bandwidth varies inversely with @, or \/L/C.
Therefore, a high @ or a high L/C ratio vields a narrow
bandwidth whereas a low @ or a low L/C ratio results in a
wide bandwidth.

From a practical standpoint the @ of the circuit (Q.) is
approximately equal to @ of Uhe coil itself (@) that is:

Q. ~ Q, = 2~f.L/R,
where R is the effective series resistance of the coil winding.
Resistance R is not constant but inereases with frequency
owing primarily to skin effect. Some typical curves showing
the variation of @, as a [unction of frequency for single-
layer coils with different coil length-to-diameter ratios and
different wire size are shown in Fig. 3. Generally, a @ = 100
is obtainable and for some coils the @ is nearly constant with
frequency. If, in Fig 1.\, resistance R includes, for exanple,
the input resistance of a junction transistor, the @ of the
cireuit will be much less than the coil Q.

The @ of a good quality vartable capacitor can be greater
than 1000 at frequencies of 100 MHz and higher. IFor this
reuson, the @ of the coil is usually the dominant factor in
determining the bandwidtl of a tuned circuit.

At resonance in a series RLC circuit. the magnitude of
voltage |Er| across the coil is |E| = |E| X;/R = Q_ |E.
But at resonance the voltage across the coil is equal to the
voltage across the capacitor |E.|; therefore, the magnitude
of the voltage across the capacitor at resonance is |E. =
Q. |E|. This must be considered in specifying the capacitor,
as well as the coil.

600 == ==

500—

400
Q

300+ —

200}

oobe— 1 f(kHz)
400 600 800 1000 1200 1400 1600

Fig. 3. Some typical Q values for single-layer coils.

1Zt/R

AAMAAA
=

(A)

Fig. 4. Parallel RLC circuit along with its characteristics.

Parallel RLC Circuits

Let us now examine the parallel RLC circuit of Fig. +A.
The impedance Z, of the circuit is:
where @, is the @ of the parallel resonant cireuit and is de-

R . o 2 L (6)

oo jR(mC—wlL) 1+4Q, (){ . f,fr_)

fined by:

R
%= w.L

At resonance ,C = 1/ (0, L) and the resonant fre-
quency of the parallel circuit is identical to that of the series
circuit and is expressed by the same equation (1). ln-
pedance Z, is maximum and current I is minimum at res-
onance, opposite to that for the series case. Fig. 4B shows
a normalized plot of [Z|/R as a function of frequency. The
bandwidth of the parallel circuit can be expressed as:

B =2x§/@Q, or _QTJFLT
R)C
L

— R‘, T A M e S e B (7)

Unlike the series circuit, from equation (8) it is seen that
for a given value of R the bandwidth of the parallel reso-
nant circuil varies inversely with a high C/L or with a
low L/C ratio.

A more typical parallel tuned circuit is that of Fig. 5\
where the coll resistance I is shown in series with L. Tt can

Fig. 5. (A) Parallel tuned circuit with resistance shown in series with coil. (B) Use of the
series capacitor to expand tuning range. (C) Use of trimmer and padder capacitors in circuit,

‘: [ ‘
|
?écu I
L i
!
_ ' A 2
w8 - i L co* L O A=t A~
/_7\ s !
Ry Cl :
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be shown that the impedance 7 of the network is:
Z ] vy, l)_ ]QJ
= f i SO T 2T
a7
|

For Q.= 10 the imaginary term in the numerator may be
neglected in the vieinity of the resonant frequeney and ex-
pression (9) becomes identical to (6) where R = QR
and @~ Q.

Returning to (9) when f = f., impedance Z is not real
because the numerator is still complex. Analysis shows that
two resonant frequencies can be defined: (1) for unity
power factor f,, = f. /(1 — 1/Q.;%) and (2) for maximum
magnitude of Z, f,,, = f. /(1 — 1/Q.*). For Q. = 5, these
expressions are, for all practical purposes, equal to f,.

For parallel resonance the current flowing in € and L is
equal to /. The voltage across L and C is equal to the
impressed eireuit voltage,

Practical Examples

At this point we shall apply the results of the previous
section to solve some practical problems dealing with tuned
LC cirenits. Each application will be illustrated with an
example. For many caleulations a computer terminal will
reduce the arithmetie drudgery often encountered in solving
tuned-circuit problems. If a computer is not available, the
next best bet is a reactance slide rule or a reactance chart
like that shown in Fig. 6. To find reactance on the chart,
cnter the frequency and proceed vertically until the chosen
value of €' or L is intersected. At the poiut of intersection
a horizontal line projected to the left vertical axis determines
the reactance. For example, at 10 kHz and L = 100 Il
X, =~ 63 ohms.

To find the resonant frequency. determine the intersec-
tion of the L and C lines corresponding to the values in your
design. A line projected vertically down from the point of
mtersection determines the resonant frequency. For exam-
ple, il L = 20 pIl and € = 100 pF. the resonant frequency
fr = 83600 kllz. It L (or ') and {, are shown, the value of
the other component C (or L) can be determined by enter-
ing f. and projeeting a line vertically until the value of L
(or C) is interseeted. For example, if f, = 100 kHz and L
= 0.001 I1. C = 0.0025 ¢F.

The analytical methods developed for the design of tuned
circuits will enable the engineer to arrive at component
values that will, in general, be excellent approximations of
expected performance. For practical reasons, however. the
final choice of components may be dictated by other factors,
such as cost and availability. If, for example, a @, = 50 i~
required for a parallel tuned eireuil. it may be more econom-
ical to use a coil with a @, = 100 and shunt a resistance
across the cireuit to bring the () down to 50,

If the tuned cireuit were connected across the input of an
active deviee whose input eapacitance varied with operation.
the minimum value of capacitance used in the tuned cireuit
would have to be much greater than the input capacitance
to “swamp” its effeet on the resonant frequency. These
practical situations must always be recognized in the design
of tuned cireuits,

Example I:

Design a parallel tuned LC eireuit to cover the AM broad-
cast band from 550 kllz to 1600 kllz. 1t is assumed thal a
praetical bandwidth for the eirenit is a minimum of 20 kllz
at the lower frequency of 550 kHz. Seleet the values of L.
Q.. and C. Assume that the distributed eapacitance of the
coil and the wiring capacitance are on the order of 20 pk.
The minimuin capacitance of this variable tuning capacitor
is 25 pF.

Solution. Value of L is selected for minimum ecapacitance
in the circuit (20 pF + 25 pF = 5 pI) at 1600 klz. Using
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the reactance ehart of Fig. 6 or equation (1), L = 220 u«H.

The maximum value of €' is determined at the lower fre-
queney. 330 kHz, using this value for L. From the reactance
chart C = 380 pF. But there is 20 pF of distributed ca-
pacitance: therefore the maximum capacitance required is
480 — 20 = 360 pF. A variable capacitor with a range of 25
pl to 360 pF is selected.

From equation (3) @, = 2=f./B = (6.28 X 550 X 10%)/
(20 X 10%) = 178.

Example 2:

The frequency range of a tuned circuit may be extended
by inserting a capacitor Cl in series with the main tuning
capacitor ('y; as shown in Fig. 3B. The value of two eapaci-
tors in series (Crp) is:

Cqp= C1G/ (C1 + Q) 5 memnrpsanma nowsms (10)
The value of C1 is determined from equation (10):
C1 = CrGyy/ (Gyj — Cip) > snv st 4asiapicne wepms (11)

Because L is the same whether €'y, or Cy in series with
C'1 is present, then for two frequencies f1 and f2, from (1)
we can write:

BIGUE - (0.19) FIEGC TP w wichra nitin e (12)

f1°Cy f2*Cy o

Suppose the maximum capacitance of Cy; = 100 pF and
('1 1= shorted, that is. switch 8 closed. The circuit tunes from
f1 =1 Mz to f2 = 2 MHz. («) What values of Cyjyyin)»
C1.and L are required so that the minimum frequency with
S open is 2MHz? (b) What is the maximum frequency the
circuit can tune to with S open?

Solution. (a) Equation (12) may be used for find-
ing Cyimimy With S open. From equation (12). Cy =
Cuyiimimy = (1Y7 100 pF/ (2)% = 25 pI*. This represents the
minimum capacitance of the main tuning capacitor. Using
equation (11), C1 = (25 X 100) /(100 — 25} = 33.3 pF.

Inductance L will be chosen so that it will resonate with
Cy = 100 pF at 1 Mllz when 8 is closed. Using the re-
actance chart of Fig. 6, L = 250 pll.

(0) Crpyminy = (25 X 38.8) /(25 4+ 33.3) = 143 pF. From
the reactance chart [, = 2.5 MHz.

Example 3:
An oscillator cireuit which may be used in a superhetero-
dyne receiver is shown in Fig. 5C. Capacitor C is the main
tuning capacitor, C, is the trimmer, and C,, the padder ca-
pacitor. The distributed capacitance across L is represented
by Cy,. The net capacitance across L, defined by Ci. is:
C T ((’ + Cl) C’p
TTe+c0.+0C,

Solving (13) for C,, we obtain:
C = (C+Co (Cr—Cyp)
T C+C +Cp—Cy

To keep the numbers simple. assume that a receiver tunes
from 5350 kHz to 1550 kHz and the intermediate frequency
is 450 kHz. The oscillator, therefore. must tune from (350
+ 450) kllz =1 MHz to (1550 4+ 450) kHz =2 MHz. Let
inductance I = 200 ull, C tunes from 10 pF to 240 pF. C,
is set to 10 pI, and €}, = 10 pF. Select €, and eheck to see
if for the chosen value of C,, the oscillator tunes to 2 MHz at
the high end.

Solution. The value of C,, is determined at the lowest fre-
queney of the oscillator. that is, at 1 MIlz in this example.
Using the reactance chart it is found that for f = 1 MHz
and L = 200 gll, Cp = 130 pF. From equation (14).C,, =
(210 4 10) (130 — 10)/ (240 + 10 4+ 10 — 130) = 230 pF.

For the value of C,, = 230 pF. the minimum capacitance
in the eircuit is: Cop iy = [280 (10 + 10) /(280 + 10 +
10)] + 10 ~ 28.4 pF. From the reactance chart, the maxi-
mum frequency of oseillation is approximately 2.1 MHz,
which is slightly greater than the required 2 MHz The
trimmer capacitor (', may be adjusted to obtain the exact
value of 2 MIlz. Varying the trimmer will have negligible
effect on the low frequency limit of the oscillator.

or Cy
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Fig. 6. Inductive and capacitive reactance over a wide range of operating frequencies.
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(A) (B)

Fig. 7. Capacitors in parailel and in series have dif-
fering equivalent temperature coefficients as described.

+Epp

p—=TO TUNED
CIRCUIT

(a)

Fig. 8. (A} Circuit showing use of temperature-compen-
sating trimmer across main tuning capacitor. (B} Cir-
cuit diagram illustrating the use of neutralizing trimmer.

Temperature drift may be a serious problem for tuned
circuits such as those used in an oscillator. Because coils
exhibit a positive temperature coefficient, it is possible to
introduce an appropriate capacitor in the circuit, such as
a ceramic type, which has a negative temperature coefficient
to cancel the positive coefficient of the coil. Temperature
coetlicient, TC. of a capacitor is defined as:

1, 6
rc - (€2 = C1) 10
C1 (T2 —Ti)
where T(' = temperature coefficient in parts per million per
°C ('p])m/"(‘)' T1 = reference temperature, normallly
taken at 25°C; T2 = maximum test temperature. typically
85°C or 125°C; C1 = value of capacitor at T1; and C2 =
value of ('(l])d(‘ll()l at T2,

If TC is positive the letter “P” precedes the values of the
cocflicient; if negative, the letter “N™ precedes the coeffi-
cient. For a zero temperature coefficient, the designation
“NPO” is used.

For a number of capaeitors in parallel (Fig. 7A) it can
be shown that the equivalent temperature coefficient 7C,
for the combination is:
1TC, = —Cl (7(’1) j_ CL) (_TCE)_ i_ = i‘ Cn (T(;L)_ 3

» Cl+ T % v+ C, - (g
where TC1 is the temperature coefficient of C'1, ete.

In the case of capacitors in series (Fig. 7B), the equiva-
lent temperature coefficient 7C, is:
TC. =Cp (TC1/C1 4+ TCR/IC2+ . ...
where Cp = 1/ (1/C1 + 1/C2 + ...
Example /.

Assume that two capacitors in parallel have the following
neminal values: C'1 = 30 pF and 7C'1 = P200; (2 = 20 p¥
and TC2 = N500. Determine the equivalent temperature
coefticient of the combination.

Solution. From equation (15), ’I'(’p = [30(200) 4+ 20
(—500}]/ {30 4 20} = —80 ppm = N80. Total capacitance
is. of course, 50 pF.

Consider the parallel tuned circuit of Fig. 8\ where €,
a lemperature-compensating capacitor, is shunted aeross
main-tuning capacitor €. Let (', = C. + C. Accounting for
the effects of the lemperature coeflicient, equation (1) may
be expressed as:

0.159

b = VLCy (1 + TC,) (1 + TC,)
where 701 1s the [(‘mpomhne coel h(lcnt of the coil (a typi-
cal value is +30 ppm) and T'C, is the temperature coeffi-
cient of Cq. Expanding terms under the radical we obtain:

LCy (1 +TC 4+ TC, + TC, TC))

+ TC“ .Cu) o (]6)
17C,).
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Because T'C), and TC,, are in ppm, the produet TC TC , is

much fess than either TCy, or TC', and may be neglected;

therefore, the preceding expression reduces to:
LCy(1+TCL +71C))

It TC,, = —TC,, then the expression is equal to LCp and

the frequency becomes independent of temperature.

Example 5

For the parallel-tuned circuit of Fig. 8A, C = 200 pI* and
TC = +50 ppm; € =20 pF. Determine the temperalure
coefficient of the temperature compensating capacitor C, to
compensate for the positive temperature coefficient (+30
ppm) of the coil.

Solution. From equation (15) TC, = —30 = [20 (TC,)
=+ 200 (50) ]/ (20 + 200) . Solving for T'C,. a value of TC_ =
—830 ppm is obtained. A capacitor with a negative temper-
ature coeflicient close to this value would be used.

Practical capacitors have tolerances on their values of
temperature coeflicient and capacitance. Although, for sim-
plicity, these were neglected in our examples, they most
likely will have to be considered in the design. Furthermore,
the temperature coeflicients of capacitors are not constant
with temperature. For this reason it is necessary to make
temperature runs or calculations to determine the tracking
of frequency with temperature.

Although ceramice trimmers have been used for tempera-
ture compensation, their TC is variable and their use is
therefore not recommended when high precision is required.
Special types of stable ceramic or glass piston trinmers are
available, but at a premium price. Generally, a standard
fixed ceramic capacitor having the required TC is used in
the temperature compensation of tuned cireuits.

Tuned ecircuits are often temperature-compensated ex-
perimentally. For example, suppose an oscillator. having a
tuned circuit like that of Fig. 5C is set to frequency f, at
temperature T1. At an elevated temperature 72 the change
in f, is measured to be f1. The circuit is cooled to its initial
temperature 1'1 and a negative-temperature-coeflicient ca-
pacitor C'1 having a coeflicient of N300 or N750 is shunted
across the main-tuning capacitor. The padder is adjusted to
provide the same initial frequency f,. The modified oscillator
is again elevated to temperature 72 and the new frequency
drift f2 measured. The actual value of C, required is:

¢ = G
¢ 1=+ f2
Tlie plus sign is used if f2>f1 and the minus sign is used if

f2< 1.

Although it is usually avoided if possible, there are oe-
casions when it is necessary to neutralize an r.f. power am-
plifier to keep it from hreaking into oscillation. A number
of schemes exist and one example using a neutralizing ca-
pacitor (', is illustrated in Fig. 8B. The voltage rating of the
neutralizing capacitor is equal to the plate voltage E,, for
c.w. and SSB operation and 2E,,, for AM. \ typical value
for C'1 is 1000 pF aud its voltage rating is equal to k.

For neutralization, C,C; = C1C,,, o

c,=C1C,,/C;
1s the gri(l—plate capacitance of the tube and (|
includes the grid-cathode capacitance (('y), stray capaci-
tance. and the endframe capacitance of €. At very high
voltages the neutralizing capacitor used 1s a vacuum type.

An attempt las been made to pick out from a multiude
of LC tuned-circuits those designs that are fundamental i
illustrating the selection and speeification of variable capaci-
tors. The literature is rich in other examples, charts, and
nomograms for various tuned circuits and filters. Some
books worth exploring include “Fundamentals of Circuit
Theory” by Balabanian, “Essentials of Radio” by Slurzberg
and Osterheld, ARRL’s “The Radio Amateur’s Handbook,”
and Terman’s "Radio Engiueers’” Handbook.”

The author wishes to thank William F. Geist, Design
Sunervisor at Hazeltine Corporation, for s comments on
LC tuned-circeuit design. A

where C,
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Vacuum Variable Capacitors

By MURRAY SUNTAG / Associate Editor

Widely used in broadcast transmitters and in other high-power
equipment requiring high-voltage and high-frequency operation.

ACUUM capacitors are distinguished from other capac-

itors by their use of a vacuum instead of a “mass”
(9as, liquid, or solid) dielectric. Variable capacitors use
vacuum or gas (which includes air) dielectrics, of which
the vacuum types offer the highest maximum-to-minimum
capacitance-change ratio. Actually, about 70% of all
vacuum capacitors produced are variables.

If electrical performance, rather than size and cost, were
the only consideration in selecting a capacitor, then the
vacuum type would be almost the only choice. In addition,
since most capacitors are used in low-energy applications,
the high efficiencies associated with vacuum types are gen-
erally not required. Consequently, over 95° of the capaci-
tors manufactured use mass dielectrics.

Vacuum capacitors, both fixed and variable, are manu-
factured using either an evacuated glass or ceramic en-
velope with copper anodes at both ends. The enclosed
heavy copper capacitor plates, shaped like tubular cans
of different diameters telescopically arranged, are sepa-
rated from each other by the vacuum dielectric. Each of
the plate assemblies is provided with a heavy copper con-
nection to fully utilize the high current-carrying capability
of the copper plates. The capacitance of the vacuum vari-
able capacitor is changed by turning the capacitance-
adjustment screw causing one set of plates to move in or
out with respect to the other set, varying the overlapping
capacitor plate area (capacitance is directly proportional
to plate area). As shown in the diagram, movement of the
plates is effected in the vacuum by the use of bellows.

Characteristics

Vacuum capacitors are characterized mainly by their
ability to handle high current at high frequencies (up to
1000 MHz} and high voltages. As frequency and power are
increased, this type becomes the smallest and most eco-
nomic capacitor to use. In fact, for a given capacitance
rating, the vacuum capacitor, due to its enormous dielectric
strength can tolerate the highest possible voltage of any
capacitor. The nominal maximum capacitance ranges in
which both ceramic and/or glass vacuum variable capaci-
tors are available, and their voltage ratings, are listed in
the table.

Although a vacuum capacitor will withstand internal arc-
over that would ordinarily destroy solid-dielectric capaci-
tors, continuously applied voltages should never exceed
60% of its rated test (peak) voltage to obtain maximum
capacitor efficiency and life, except as noted below. For
d.c. plus r.f. applications, the sum of the d.c. plus the
peak r.f. voltage should never exceed 60% of the peak test
voltage.

Since vacuum capacitors are rated for a maximum peak
test voltage and a maximum operating current, limited by
temperature rise, it may be impossible to apply rated volt-
age without exceeding rated current at low capacitive-
reactance values; hence, the capacitor will be current-
limited. Likewise, at high capacitive-reactance values it may
be impossible to apply rated current without exceeding
rated voltage, hence, the capacitor will be voltage-limited.

With normal convection cooling in a room ambient of
22°-26° C, ceramic vacuum capacitors are rated for an
operating temperature of 120° C and glass vacuum capaci-
tors for 87° C. However, by cooling the anodes of the capac-
itor externally with heat sinks (large straps, forced air, or
water cooling) the current rating can be increased by a
maximum of 50%. In addition, special vacuum capacitors
can be constructed with forced-air-cooled bellows that will
operate safely at 200 of the convection-cooled rating, or

with water-cooled bellows that will be limited only by voltage
and be able to pass any current that can be impressed on
them, through 32 MHz. Under no conditions should the cur-
rent rating exceed 150% of the convection-current rating.

Because of its vacuum dielectric and low-loss glass or
ceramic envelope, extremely low losses occur in vacuum
capacitors. Consequently, the vacuum capacitor is a very
efficient capacitor since the slight loss that does occur is
only due to the r.f. resistance (few milliohms) of its copper
construction. Typically, the ratio of stored energy to dissi-
pated energy or "Q" factor is on the order to 1000 to 5000,
or higher.

Applications

Vacuum capacitors are mainly used in the tuning and
neutralizing circuits of high-power r.f. generating devices,
such as broadcast transmitters, induction and dielectric
heating equipment, and r.f. sputtering equipment. in fact,
the use of vacuum capacitors is almost mandatory for plate-
tank circuits of high-power transmitters. They are also
widely employed in high-voltage communications equip-
ment where space and weight are critical and/or where they
are exposed to severe environments (e.g., aircraft or ma-
rine vehicle transmitters and antenna couplers). A

- CAPACITANCE~
ADJUSTMENT SCREW

TURNING HEAD

VARIABLE END \

HEAVY COPPER
MOUNTING SURFACE

LONG-LIFE BELLOWS
ALLOWS PLATE
MOVEMENT IN
VACUUM

PLATE MOVEMENT

l SHAFT PROVIDES

PATENTED CONCENTRIC
CYLINDER RE-ENTRANT-
FLANGE CONSTRUCTION

~—— CERAMIC OR
GLASS ENVELOPE

NEAVY
COPPER PLATES

S HIGH'STRENGTH
VACUUM
DIELECTRIC

Typical construction and electrical characteristics for ceramic
and glass vacuum variable capacitors made by Jennings ITT.

NOMINAL MAXIMUM CAPACITANCE
RANGE (pF) VOLTAGE RATING
CERAMIC GLASS Lo
200-3000 250-5000 2:5
- 8-5000 7.5-15
30-2300 -—— 7.5-20
= 25-500 20
250-2000 - 25-65
- 35-1000 25-60

April, 1970
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Who Needs the
New Model SR12?

If you've read this far,
you do. Whether you're
an avid audiophile
who'll settle for nothing
but peak performance
from his stereo com-
ponents . . . a casual
listenerwho'd like more
insight into the chal-
lenging world of stereo
reproduction . . . or a
professional technician
who needs precise
standards for lab test-

The most complete...most sop
Test Disc available today...

Announcing the NEW STANDARD in Stereo Testing!

Stereo Revie WY

MODEL SR12

FdH' HOME AND LABOHATOHY USE

TOOL

\GHLY EFFECTIVE AND Ac‘c':'grsmg‘ i

AR FOR SETTING UP. ADJUS e
EVALUATING STEREO S

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.

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!

ing . ..the new MODEL
SR12 will be the most
important disc in your
entire coliection.

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 tests, 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.

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.

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 signals which O

permit you to eliminate any imbalances originating in cartridge, L
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.

VVvVVvV VVVY

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
595 Broadway + New York, N.Y. 10012

Please send -

EW-4.70
e ——————

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

Zip
PAYMENT MUST BE ENCLOSED WITH ORDER
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ATILDA, the office girl at Mac’s Service Shop, re-
M turned from her lunch hour grocery shopping in an
obviously irritated frame of mind. “Sorry ['m late,
Boss,” she said to Mac, “but that supermarket was impossible
todayv. I stood in that checkout lane a full half hour to get this
ten-inch grocery slip. Now 1 wonder if I got evervthing I in-
tended to get. You can’t tell much bv looking at this slip
unless vou're a genius at connecting prices marked only ‘Mt’
or ‘Gr” with the items on vour shopping list. Right now I feel
more like ‘Gr-r-r-r=r!"”

“Cheer up, Matilda; help is on the wav,” Mac solaced her.
“My wife's younger brother, who works for a large computer
company, stopped in last night on his way across the country;
and this morning at breakfast he was regaling us with an
enthusiastic account of how computers are just starting to
move into supermarket management. I think vou might like
to hear ubout it—especiallv right now.”

“I want to hear about it too,” Barney said, sticking his head
out of the door of the service department.

“You'd listen to me read tube price lists to get out of
work,” Mac retorted; “but come on. Suppose we start by
picturing how a trip to the supermarket will be seven or eight
vears from now:

“First, Matilda, you will notice that the gondola or shelf
carrving each item will carry a unit price, but the individual
cans, jars, or boxes will not be price-marked. Instead euch
unit will carry a distinctive number made up of several digits.
You will collect the various items in vour cart just as vou have
always done aud take them to the checkout counter. There
the girl will place each item so that an Optical Character
Recognition (OCR) scanner can read the identifving number
and flash it to a computer that mav be miles away. It will rec-
ognize the number, identify and price the item, and send
back this information to be displaved for vour benefit. Meat
and other items sold by the pound will be placed on a scales
there at the connter so that its number mav be read as it is
weighed, and it, too, will be identified and priced by the
distant computer.

“Each item will be identified almost instantly and then
placed on a conveyor belt that will take it to an automatic
boxing device that will arrange all the items of your order
neatly in a container ready to be carried out. When all the
items in your cart have been identified, the girl will push a
button and the computer will give you a grocery slip on
which each item is identified by code number, description,
and price. For example one line may read: ‘3489475
Orange Juice .49.” The bill will be totalled; taxes will be
added; tendered coupons will be subtracted; trading stamps
will be issued. If vou prefer to use vour credit card, vou will
place it in a slot and your hand in a little compartment. The
computer will compare the outline of vour hand with the
outline on file assigned to the person to whom the card was
issued. If the topography is the same, it will query the bank
about your credit. If all is OK on both counts, this will be
indicated and the amount of the grocery bill will be trans-
ferred from your account to that of the store. All this will take

April, 1970

COMPUTERIZING
YOUR GROCERY LIST

By the end of the decade, computers promise to
become indispensable in managing chain stores.

sy John Frye

place in a split second, and at the same time the items you
bought will be automnatically subtracted from the store’s in-
ventory und. if necessarv, replucement stock will be ordered.”

“Hev. I like the sound of that!” Matilda exclaimed. “I
especially like that business of having items on the grocery
slip identified, and it sounds as though it will take much less
thme to get checked out.”

“Sounds pretty fur-fetched to me.” Barney said skeptically.

“I'm not talking erystal-ball stuft,” Mac answered. “Super-
markets and computer manutacturers are already experi-
menting with svstems similar to what I have described. When
I tell you that IBM, National Cash Register, Inventory Man-
agement Systems, General Electric, RCA. the Frieden Di-
vision of Singer, the Sweda-Kimball Division of Litton Busi-
ness Systems, the American Totalisator Co., Alpex Computer
Corporation, and the ADS Ankcr Corporation of West Ger-
many are all deeply interested in computerizing the super-
markets, vou will know 1 am not talking science-fiction.

“On the West Coast last full Inveniory Management Sys-
tems, Inc. wrranged a pilot installation ol its ‘Marketron’
svstem in a Food Fair store in Baldwin Hills, California. Nine
combination cash register-inventory controller terminals were
installed at checkout stations and hooked to a remote Honey-
well computer on a real-time basis. In this istance the
check-out operator kev-punched the department, the quan-
tity, and the code number of each item into the terminal. It
flashed this information to the computer which recorded the
price and displaved it for the customer to see on a readout at
the terminal. At the same time the item or items were sub-
tracted from inventorv. At the end of the transaction the
computer issued a totalled grocery slip such as I have de-
scribed. In the IMS installation, however, the customer’s bill
identified each item by code number, department, and price
but not by name; nor were there any provisions for credit
card verification or automatic boxing.

“Inputs from different “Marketron’ terminals were fed to a
modein/multiplexer and then over leased wires to a commu-
nications computer controller which separates inputs from
different stores. From the information supplied, the computer
gave instructions to the individual checkout counters. The
operation was obviously a success because it is being ex-
panded to several more Food Fair stores in Los Angeles this
spring as well as in Ralpl’s Grocery Store chain units. Next
month it is planned to start installing the *Marketron” system
in several of the Daitch-Shopwell stores in New York and
Connecticut.”

“Seems to me the store benefits more than the customer,”
Barney said.

“And vou're right,” Mac agreed. “Joseph Davis, IMS vice-
president, says the real advantage of the "Marketron” system
is in inventory control. The store manager can interrogate
the computer at any time as to what has been sold, he can
find how much cash is in each ‘Marketron,” he can instantly
change the price of any item, and—most important of all—the
computer can be made to perform automatic ordering and
restocking functions. Finally, the system practically elimi-

61

www.americanradiohistorv.com


www.americanradiohistory.com

nates checkout operator under-rings,
which is estimated to represent an aver-
age loss of .7% of sales.”

“How about the over-rings?” Matilda
asked. “I'd think they would cancel out
the under-rings. Why is there a net loss
of 7%>”

“Ned Harwell, author of Checkstore
Management, gives cogent reasons based
on actual studies. Seems the checkout
girl encountering a smudged price is
much more likely to give the customer
the benefit of the doubt and under-ring
the item rather than over-ring it. In the
“Marketron’ system, the computer de-
tects most punching errors and warns
the operator by a flashing red light and
an audible signal.

“IMS is not a manufacturer of com-
puter equipment; so it does not make its
own hardware or software. IBM, on the
other hand, also conducted a test for
four weeks in a Safeway store to gather
some specific information they needed,
and of course they used IBM equip-
ment. They installed terminals at two
checkout stands and code numbered a
little less than 3000 items. However,
since not all stands could receive un-
priced items, it was necessary to have
the price as well as the code number on
each item. This made it impossible to
observe the answer to an intriguing
question: what will be the customer’s
reaction to items without prices on
them? The IBM slips given the customer

had the name of the item as well as the
code number and the price. At the pres-
ent time they are evaluating the results
of these tests.”

“Sounds to me as though IMS has
stolen the ball and run with it while the
computer giants are hesitating,” Barney
observed. “Since there are so many ad-
vantages for store managers and since
it is potentially such a huge and lucra-
tive market for computer manufacturers,
why the hanging back?”

“There are good reasons according to
my brother-in-law,” Mac replied. “First,
such an installation represents a lot of
money. No store chain wants to put
huge sums into a system that may soon
become obsolete. Secondly, for the sys-
tem to work, there should be a universal
system of code numbering. Ideally the
code would be put on the label by the
manufacturer; but he doesn’t want to go
to the expense of changing his labeling
equipment, his present computer setup,
his billing, his warehousing, etc., until
he is sure there will be equipment to
utilize it.

“Probably the code is the biggest bot-
tleneck at this time. When using a punch
code, the most commonly sold items are
given the lowest, or two-digit numbers;
the next-most-popular items are given
three-digit numbers, etc. But if we go to
an OCR system of number scanning,
which seems inevitable in the long run,
this will not be necessary. The National
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SINCLAIR IC-10

THE WORLD'S MOST ADVANCED
HIGH FIDELITY AMPLIFIER

actual size

addition to audio is supplied with each IC-10.

SPECIFICATIONS
Output: Class AB. 10 watts peak, 5 watts RMS
Distortion less than 1% at full output

Response: 5 Hz to 100 kHz = 1 dB

Gain: 110 dB (100,000,000,000 times)

Supply voltage: 8-18 volts DC

Sensitivity: 5 mv.
meg ohms.

PLEASE SEND ME:

The Sinclair IC-10, the world's first monolithic integrated circuit
high fidelity amplifier and preamp, is now available for professional
or hobby applications. The silicon chip contains 13 transistors, 3 }
diodes and 18 resistors. This rugged device is encapsulated in plas-

tic and bonded to a supporting heat sink bar. The IC-10 is a true
high fidelity amplifier possessing distinct advantages over conven-
tional types, the most important of which are freedom from thermal |
runaway and a very low distortion level. The IC-10 may be used with
batteries or with the PZ-7 regulated power supply. As an audio am-
plifier the IC-10 requires only the addition of tone controls, speaker
and a power source. A 32 page manual describing applications in |

Input impedance adjustable externaily up to 2.5

AUDIONICS, INC., Dept. E-4

| am enclosing $

‘ $1.35 each

Zitf-Davis Service Division—Dept. W -«

includes an additional 25¢ per copy for shipping and handling (Outside U.S.A.
all magazines are $2.00 per copy, postpaid.)

81 98 99

Association of Food Chains, with help
from others, has been working on such
a code for several vears but still has not
decided on a code structure. When it
comes, probably in the next year or two,
it will likely be a seven- or eight-digit
number, too long to key. Then it will
likely take three to five more years for
the manufacturers to produce the neces-
sary equipment to use the code. RCA
and Kroeger have been working togeth-
er to produce a suitable OCR device,
and it is said that National Cash Regis-
ter and IBM are working hard on this
same project.

“GE has a “Tradar’ (Transaction Data
Recorder) system which is a complete
package of terminals, coding and com-
munication devices, special software
programs, computers, and peripheral
equipment that reads magnetically en-
coded merchandise tickets and verifies
credit cards. The J. C. Penney retail
chain has signed a $10.000,000 contract
with GE for ‘Tradar’ and plans to have
the system in all fifty of the Penney out-
lets in Los Angeles by the end of the
year,

“But progress will probably be made
a little gingerly because we are dealing
with that mysterious quantity, a woman
shopper,” Mac continued, grinning mis-
chievously at Matilda. “No one is quite
certain whether she really wants to be
speeded through her recess from home
and sometimes the kids.” A

STEREO/HI-FI
DIRECTORY

Giant 180 page buyer's guide listing more
than 1,600 individual Stereo/Hi-Fi com-
ponents by 176 manufacturers. Nine in-
dividual sections complete with specs,
photos, prices—the works!

1970. .. .. .#98 . .....$1.35
1969 . #82 ..$1.25

TAPE RECORDER
ANNUAL

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

1970 #99 . . ... $1.35
1969. ... .. #81

595 B'way, New York, N.Y. 10012

_ for the annuals circled below. My remittance

$1.25 each [R:73

State Zip

-

] . |

| TR $12 ea e - 9701 S.E. Mill, Portland, Ore. 97216 |

| - @ e N | Print Name
PZ-7 Power Supplies @ $14.95 ea. L= — EEE— =

| + 75¢ shipping Address - | ‘ Address

: FREE AUDIONICS Catalog City. : =

LTotaI enclosed: $_ | State Zip. _l
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IC Memories
(Continued from page 36)

chip sizes and decreases in cell sizes
account for much of the present and
predicted rises in chip capacity.

Experimental Processes

Bell Telephone Laboratories is cur-
rently experimenting with a semicon-
ductor production process that may help
bipolar LSI capture the large-memory
market. This process, which involves the
formation of a very thin p-lype layer on
the semiconductor wafer, allows transis-
tor bases and collectors and resistors to
be diffused in one cycle, thereby obviat-
ing the need for big bathtub isolations
now required around transistors. The
process is reported to shrink element
size approximately 60 percent and to be
almost as simple as that used for MOS.
The cells must operate at hoth low volt-
age and low power levels, which can be
an advantage in memories, and switch-
ing speed is in the present bipolar
range.

Several R&D groups are attempting
to develop electrically alterable ROM’s
with a new version of MOS. The
MOSFET gate insulation is made with
lavers of silicon oxide and silicon ni-
tride.

High-potential electrons injected
through the gate get trapped in the
nitride, altering the switching voltage
threshold for more than a vear. The
effect is somewhat like the oxide-pro-
gramming technique now used, but the
trapped charge can be erased and the
transistors reprogrammed if the situation
warrants it.

A more immediate use of silicon ni-
tride in MOS IC’s will probably be as a
passivation coating. The nitride appears
impervious to moisture and contami-
nants, and may permit MOS IC’s to be
packaged in plastic at much lower cost
than hermetic packaging. The technique
seems to work well for bipolar IC’s, but
long-term reliability tests must be com-
pleted before it can be determined that
this is an acceptable substitute for sealed
MOS packages. A
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Introducing

the world's only $339
triggered scope.

Before you say you don't
need a triggered scope,
look what's happening to
TV servicing: tubes are
out, transistors and IC's
are in.

With tubes you could
play hit-or-miss, knowing
the tube would take the
overload. Try the same e
thing now, and good-bye
transistors.

For new-era circuitry,
Leader introduces a new-
era troubleshooter. A
triggered scope, just like
the ones the TV designers
use.

Now the wave shape is
locked in and continuously
displayed. Now you can
look at a waveform con-
taining high and low
frequency componernts.
Now you can determine
voltage directly and
instantly.

Before you say $339is a
lot of bread, look what it
buys: Leader’'s LBO-501
5-inch triggered scope,
with a bandwidth of DC to
10MHz and a solid state
package.

Going like hotcakes at
your Leader distributor.

Seeing is believing.
LEADER INSTRUMENTS

37.727 27th Street, Long Island City, N.Y. 11101, (212) 729-7411
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You couldn’t touch an organ like this in a store for less than
$4,000—and there never has been an electronic instrument with

this vast variety of genuine pipe-organ voices that you can add

pipelike
sSchober
Recital
organ
for only
518501

no kit.

* Includes !

finished walnut console. (Only $1446

if you build your own console.) Amplitier,
speaker system, optional accessories extra.

[J Please send me Schober Organ Catalog and
free 7-inch ‘“‘sample” record.

[J Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

to and change any time you like! All four families of formal pipe
tones are present in variety to delight players of classic and
religious music. Yet you can change the entire organ for popular
and theatrical sounds, or plug in special voices for baroque,
romantic, or modern repertoires. If you've dreamed of the sound
of a large pipe organ in your own home, if you're looking for an
organ for your church, you'll be more thrilled and happy with a
Schober Recital Organ than you could possibly imagine —kit or

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

Send right now for the full-color Schober catalog, containing

specifications of all five Schober Organ models, beginning
at $499.50. No charge, no obligation. If you like music,
you owe yourself a Schober Organ!

— e e e e e e e e e e e

Thee%%ﬂ{{éﬂﬂrgan Corp., Dept. RN-76

43 West 61st Street, New York, N.Y. 1002

: NAME

| cITY.

| ADDRESS

STATE ZIP
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cut holes

Round—inches and mm

Greenlee
punches

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

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

GREENLEE TOOL CO

DIVISION OF GAEENLEE BROS. & CO
1866 Columbia Avenue, Rockford, I11. 61101
A Unit of Ex-Coll-O Corporation TXLG,
gRCLE NO. 109 ON READER SERVICE CARD

ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR
for continuous, commercial-free music
with ANY FM tuner or receiver

Kit $49.50 Wired $75.00 Cover $4.95 List of FM
stations with SCA authorization $1.00. For com-
plete information write or call:

MUSIC ASSOCIATED
65 Glenwood Rd.
Upper Montclair, N.J. 07043

phone 201-744-3387

FINEST QUALITY

HARD-TO-FIND

TOOLS

NEW CATALOG

Unique collection of hard-to-find
versatile hand tools and small
power tools rarely found in stores or other catalogs.
Large selection of new and unusual electronic tools
and woodworking tools including pliers. knives, dia-
mond glass cutters. soldering jigs. tungsten carbide
saw blades, silver solder, micro miniature tools and
scores of other fascinating items to make projects
easier, more fun. All are top quality with money back
guarantee. Used extensively by electronic technicians,
researchers, model makers, Write to:

BROOKSTONE CO.

4065 Brookstone Building. Peterborough. N.H. 03458.

IDEAS TO CASH

We are seeking prototype toys, games
and educational items. If you can or
have created a good item, we can con-
vert your effort into a cash asset. Write
to: R.AJI. Research Corp., Dept. 5W,
36-40 37th Street, L.I.C., N.Y. 11101.

| Single-Signal
-~ S.W. Receiver

By LARRY LISLE, K9KZT

EED an extra short-wave receiver?
‘ —one you can leave tuned to W\WV,
a favorite short-wave broadcast station,
or to an often-used amateur frequency?
| For less than five dollars you can con-
vert an old a.c.-d.c. table radio into a
cryvstal-controlled s.w. receiver for one
frequency between 5 and 20 MHz.
The necessary modifications are ex-
| tremely simple. The converter stage of
a typical broadcast receiver is shown in
Fig. 1A, while the same stage after con-
version is shown in Fig. 1B, The set’s
loop antenna has been replaced bv a
s.w. coil, L1 (15 t. 320 plastic-covered
solid hookup wire, closewound on 34”
insulated form), the cold end of which
is connected to ground instead of to
the a.v.c. line to keep the stage from
being blocked by the local oscillator. A
crystal, either above or below the signal
frequency by the amount of the inter-
mediate frequency (usually 455 kHz)
has been substituted for the oscillator
coil.  (Crystals are available from
International Crystal, 10 N. Lee, Okla-
| homa City, Okla. 73102. Specify “EX”
type. Price $3.95 postpaid.) The tun-
ing capacitor of the oscillator section is
not used. A 150-pF capacitor couples
| the antenna to the receiver and a small
| choke, RFC1, in the screen circuit keeps
the r.f. where it belongs. If reception of
c.w. signals is desired. the if. stage may
be made to oscillate by connecting a
very small capacitor (1 or 2 pF) be-
tween the grid and plate of the i.f. tube.
|  One other modification should be
made in the interest of safety. Ground
the chassis to a good carth ground, and
connect only the ungrounded side
of the line cord to the wall outlet. Un-

coupling capacitor should fail, the full
line voltage may appear between the
antenna and ground. Aside from this
danger, grounding the chassis is always
a good idea when modifving an a.c.-
d.c. set, since it is extremely easv to
bypass a safetv feature installed by the
manufacturer without being aware of
it. This is especially important when
using the set in the vicinity of other
electronic equipment, whose chassis
are grounded (or should be).

Construction is not critical, and parts
may be placed in any available space.
In the receiver modified by the author,
a single-section 365-pF variable capaci-
tor replaced the original tuning capaci-
tor which was badly rusted. The crystal
was placed on the front chassis lip, but
may be placed elsewhere if desired.
Instead of a conventional crystal socket,
a nine-pin miniature tube socket was
used. as this fit an existing hole.

After wiring has been completed and
double checked, attach the chassis
ground wire to a water pipe, ground
stake, etc. Connect the antenna, and
plug the “hot” side of the power cord
into a wall socket. If the tubes fail to
light, reverse the plug. When the set
warms up, rotate the tuning capacitor
to the point of best reception.

The i.f. transformers may be adjusted
bv ear for maximum output. Begin
with the primary of the first transfor-
mer, and work towards the detector.
Then repeat each step, proceeding
from the detector back to the mixer.
Once placed in operation, the receiver
will require no adjustment: Sensitivity
and selectivity will be roughly equiva-
lent to that which may be expected of

less this step is taken, if the antenna- one of the smaller short-wave sets. A
Fig. 1. {A) Converter stage of a typical a.c.-d.c. broadcast-band table radio. (B)
The same, except for modifications (in heavy line), for short-wave conversion.
Lgop
ANTENNA ANTENNA
PENTAGRID §‘|';
CONVERTER
ANTENNA
70 avc. | TUNING .
LINE | CAPACITOR ~ co
‘ I 2
1.F. ci ™~
] 4L TRANSFORMER 1500F
™~ \F.
‘ 7 r7 1 2 TRANSFORMER
T Li —
_\._| i 7'\
= | = p
| +
l =
| k a2 ANTENNA
| 4 | oscILLATOR TUNING
|7\ 7\ cot CAPACITOR RCUIT CHASSIS EARTH
Lf XTAL SROUND SROUND GROUND
ONLY "HOT" SIDE OF r’m_
OSCILLATOR "1 E:
TUNING == LINE CORD CONNECTED === —

_—

CAPACITOR
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ELECTRONIC
CROSSWORDS

By JOHN D. RICHARD

simplifies soldering

( Answer on page 92)

-
ACROSS DOWN
1. Useful sort of scatter for v.h.f. 1. Signal these for radio trouble-
DX, shcoting.
- 8. Tube filaments. 2. If coulomb = C. this is 1 C/s.
9. 90 from quadrature. 3. Expel what’s hidden. -
11. Heat units. 4. The conductors of a transmission TEMPMATIC
circuit.
14. So nice. ihis base over hypotenuse ‘ Temperature
arrangement! 5. Cavcat this when shopping for R
components. Controlled Soldering Tool
15. If the solution is acid. this reads : i
less than 7. 6. What vou must do to visualize j. Combines all the advantages of a pencil iron,

a fast heating soldering gun, and tip
temperature control. Exclusive removable
Powerhead contains Weller's temperature
control system. Protects components even in
the most delicate work situations. Tool weighs
7 oz. Use it for light or heavy duty soldering.

16. A gripping affair in the workshop. 7. The effect when light preduces an
e.m.f.
17. What you hear when reading c.w. ‘
. . 10. Like the saxophone. this instru-
18. This character just will not agree ment can incorporate a vibiating
with computer logic. reed. ‘

19. Collequially, to produce coherent 12. Old insulating varnish.

light. Model GT-7A has 700°F. 31¢" chisel point
13. Precedes electric and motors. Powerhead. Model GT-6B has 600°F. & ”
R B SR S T Gl conical point Powerhead.

bit. 14. Funny how the capuacitor dielectric
is also emploved for pouts! ‘

23. The capacitor could be micro-this!
20. Could describe a langucrous lat-

25. Can offer piles of power. eral camera scan. /’-————"P
26. Similar to 4 down, vet finds a 22, Those earlv wet electrolytics B

home in a thermojunction. would occasionally do this.
29. An effect which provides an apt 23. One of several that the digital

cure for similar-channel FM in- voltmeter displays.

terference.

24. Can result from high voltage ..

30. Add a neutron or two to produce spikes. The or'g'nal

this.

27. Non-kinky tetrode. Dual Heat Guns
Fast heating. Long-life tips. Exclusive
trigger-controlled dual heat. High
soldering efficiency. Spotlight. 3
models from 100/140 watts to
240/325 watts.

31. The frequencv between first and
second detectors, 28. Tie.

Dependable MARKSMAN Irons

They outperform other irons of their size and weight. Long-
reach stainless steel barrels. Replaceable tips. 5§ models
from 25 watts to 175 watts.

Weller 25-watt Iron for intricate work

Industrial rated. Weighs 134 oz.
Delivers tip temperatures to
860°F. Cool, impact-resistant
handle. Model W-PS with 14¢" tip.

WELLER ELECTRIC CORP., Easton, Pa.
WORLD LEADER IN SOLDERING TOOLS

CIRCLE NO. 110 ON READER SERVICE CARD
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“Look what Lampkin's type 107 Digital
Frequency Meter can do for YOU..."”

LAMPKIN TYPE 107
DIGITAL FREQUENCY METER

Accuracy guaranteed better than 0.00019, in the field, inde-

pendent of WWV. Dial precision 0.000029%.

Operates as FREQUENCY METER or SIGNAL GENERATOR, to

above accuracy, all channels, from 10 KHz to 500 MHz — IF,

RF, UHF.

% Extremely simple and easy to operate. Simply set frequency
on digital dials. Easier and faster than a counter. Shows
DIRECTION and AMOUNT of transmitter error — no arithmetic.

% Dual power supply, either 110 volts AC or 12 volts DC.

Weight only 22 lbs. Leasing terms available.

$2,390 F.0.B. Bradenton, Florida

i For complete specifications — Mail coupon teday |
{ Name Gismserssimisinmmnnesm sy, PR {
| Address . st s S|
| Oy sy State ' I

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

The Motorola
Home Study
Course on Servicing

2Way Radio.

I |

[
' |
' |
| |
l |
' |
' |
' |
' [
' [
| |
I If you'd like to get into a top-paying prestige job, |
| maybe FM 2-way radio is for you. Each year, more |
| andmorebusinessesare buying2-way. Thatmeans |
} service. And service means money. We can train |
| Yyou to getin on the action. Our special home study I
| courseisthe place to start. We teach you FM 2-way |
| radioservicing, and prepare you foran FCClicense. I
| |
I |
| |
I |
l |
l [
| |
l |
l |
l |
| |
l |
l |
l |
' |
| |
: |

[J Send me FREE Evaluation Examination.

[] Send details on Home Study Course on FM 2-way
radio servicing.

[JSend details on how you can prepare me for an
FCC license.

Name Occupation S ——

Address

State Zip

City_

MOTOROLA
TRAINING INSTITUTE
1301 Algonquin Road, Dept. 19, Schaumburg, 1l. 60172

CIRCLE NO. 130 ON READER SERVICE CARD
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FEEDBACK MODULE
for MOTOR CONTROL

By R. F. SCHWABENLENDER / Manager

Information Services, Cutler-Hammer, Inc.

Using an SCR sensing and power circuit, device
monitors motor speed, changing power with load.

ESIGNED to do for small motor appliances what the

automatic transmission did for the automobile, a new
electronic speed-control module performs the electrical
equivalent of shifting gears. When the module detects in-
creased strain, it automatically boosts power to the motor;
if it detects lessened strain, it cuts power.

Developed by the Specialty Products Division of Cutler-
Hammer, Inc., the module uses an SCR sensing and power
circuit to monitor motor speed and automatically increase
or decrease power proportionate to the load. This module.
shown in the diagram, constitutes the smallest SCR power
drive, with feedback, that is available for commercial use.

Combined with a variable resistor and an “on-oft” switch,
the module provides stepless motor speed control. The
effectiveness of the feedback circuit is made obvious by an
almost constant-speed characteristic under varying load.

The variable-speed package has applications on fractional
horsepower universal motors with normal loads less than
4 amperes. which would benefit from high torque capability,
such as sewing machines, food blenders, hand-leld mixers,
floor scrubbing and polishing equipment, etc.

Power tool manufacturers have also incorporated a trig-
ger-switch version of the variable-speed package on electric
hand drills and jig saws. Hand tools equipped with the
switch have particular appeal to craftsmen needing precise
speed control. The feedback package allows precise drilling
at slow speeds through such objects as concrete and hard-
wood.

A decrease in speed due to loading of the motor results
in an advanced SCR firing angle which provides more power
to the motor and compensates for the increased load. A con-
sistent firing angle (speed) at anv setting or load eliminates
cogging, loping, or other noise-produced speed variations.

The variable-speed module requires three leads: two
power leads of 18-gauge wire and a control lead of 22-
gauge wire.

The module is available for under $3 in quantities of
10,000 or more, with package variations such as the trigger-
switclh version running slightly more.

The feedback module, which is an integral part of the
control circuit, must be engineered to the specific charac-
teristics of each motor’s application. Delivery time is thus
dependent on motor characteristics of each application and
the resultant engineering requirements.

For several vears Cutler-Hammer has offered a full-wave
quadrac circuit without feedback. The full-wave module
without feedback provides stepless, variable control in light
dimmers, table lamps, slide projectors, and heating umits, in
addition to variable-speed control of small universal motors
such as those incorporated on a centrifuge. A

Schematic of electronic
speed-control module
that monitors the motor
speed and, depending
on the load, auto-
matically increases or
decreases power input.

ELECTRONICS WORLD
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- A capacitor marked '"P1500” will react to temperature increases by:

. The fourth color code band on a carbon resistor means:

. X-radiation is least likely to be produced in a color picture tube:

|
C.E.T. Test, Section #3 | commni
Components | BLOSE-UPS

By DICK GLASS*

What is your electronics servicing 1.Q.? . %‘,
You must get 75% on entire exam to pass. Q}' '
This is the third in a series of 12 test sections to be published monthly. While these
test exam sections are not part of the actual NEA C.E.T. examinations presently be-
ing administered, they are similar in nature. Should you find you are able to correctly
answer 75% or better, you might be a candidate to become a registered CET. You
can take the exam in your area but you must show 4 years of experience to qualify.

(Answers will appear next month.)
Answers to last month's quiz appear on page 92

(a) increasing in capacitance

{b) decreasing in capacitance

(c) remaining constant within a specitic range of temperature

(d) marking has nothing to do with its capacitance characteristics

(a) 10%o tolerance when gold colored

(b) number of zeroes following signiticant digits
(c) 20% tolerance when missing

(d) 2-watt resistor when red

(a) at the face of the tube and the shadow mask ‘
(b) when a neck shadow is produced by yoke placement

(c) in the electron gun assembly

(d) atthe front and sides of the funnel assembly ‘

4. To compensate for yoke resistance as the temperature increases, a ...
is used in series with the yoke windings
(a) thermistor (c) voltage dependent resistor (VDR) '
(b) surgistor (d) NPO capacitor
5. Capacitor specifications are least important: ‘
(a) in vertical oscillator grid circuits
(b) as screen bypasses in color bandpass amplitiers
(c) as coupling capacitors in horizontal oscillator circuits
(d) as oscillator trimmers in auto radios
6. To reduce hum pick-up in long audio-cable runs, you might: ' and you'll
(a) change from a magnetic pick-up to a crystal ‘ P specify Johanson.
(b) use a ceramic microphone ‘ "7 Look at the cbvious . . . Johanson
(c) use a low-impedance microphone ?'f craftsmanship — 24 Kt. gold plating,
(d) use high-impedance audio cable watchmaker’s precision machined parts
7. Integrators have time constants which allow: jaunsctj :g{lggﬁ:s%?:Zi?ebrlil'_?;g‘::;lde”ng
fa) high-frequency pulses to be changed to sharp spikes This built-in quality means you get‘
(b) low-frequency pulses to be passed through superior performance characteristics . ..
(c) low-frequency puises to be filtered out of the desired signal 16 pF in a 10 pF package, Q greater than
(d) high-trequency pulses to be filtered out of the desired signal 5000 at 100 Mz, a temperature coefficient
8. Line transformers generally are used in multi-speaker paging systems to: of 015 FPMO/C' with tuning stability
(a) increase voice-coil losses and long life. )
(b) match impedance and increase line losses Why sett_le for grdmary trimmers when
(c) decrease power from output transformer :gcef:yefs;rlisri!:vbl:eat_;jgnd
(d) simplity the installation of various speakers sheet on our 5200 series
9. Normally, a filter capacitor may not be replaced by another with: ... and start comparing. 4
(a) less than 90% of the rated capacitance value ’ oY ~ i\;/
(b) less than 80%. of the rated capacitance value . =2
(c) more than 60°% over the rated capacitance value
(d) more than 50%0 over the rated capacitance value
10. Capacitors often used because of their thermal stability are: m
(a) silver mica capacitors (c) tubular
(b) ceramic disc capacitors (d) hi K
“Executive V.P., NEA, 12 South New Jersey St., Indianapolis, Ind. 46204, MANUFACTURING CORPORAT;ON
assisted by Lew Edwards chairman of Test Make-up Subcomm.
April, 1970 CIRCLE NO. 135 ON READER SERVICE CARD —>» Rockaway Va”(%ﬁoaaadzg_sgfemon' N.J. 07005

Electronic Accuracy Through Mechanical Precision
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“Get more

education A
or -\

get out of
electronics

..that's my advice.”

IN-DEPTH
COVERAGE OF
S0LID STATE
ELECTRONICS

..including
ntegrated circuits!

68 ELECTRONICS WORLD
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Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you'll be among the first to
go in a layoff.

But, if you supplement your experience with more
education in electronics, you can become a specialist.
You'll enjoy good income and excellent security. You
won't have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend on you? Going back to school isn’t easy
for a man with a job and family obligations.

CREI Home Study Programs offer you a practical way
to get more education without going back to school.
You study at home, at your own pace, on your own
schedule. And you study with the assurance that what
you learn can be applied on the job immediately to
make you worth more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid
card for your copy. If card is detached, use coupon
below or write: CREI, Dept. 1104A, 3224 Sixteenth
Street, N.W., Washington, D.C. 20010.

Founded 1327

CRET

Accredited Mamber of thg Nationa! Home Study Council

EMPLOYED BY -

TYPE OF PRESENT WORK O G.l. BILL

I am interested in

O Electronic Engineering Technology O Computers

O Space Electronics O Nuclear Engineering Technology

O Industrial Automationo NEW! Electronics Systems Engineering

_________________________ -
APPROVED FOR TRAINING UNDER NEW G.l. BILL

CREI, Home Study Division I
McGraw-Hill Book Company I
Dept. 1104A, 3224 Sixteenth Street, N.W. |
Washingten, D.C. 20010 |
Please mail me FREE book describing CREI Programs. | I
am employed in electronics and have a high school educaticn. {
NAME S AGE |
ADDRESS __ :
cITY STATE ZIP CODE [
|

J

|

|

|

|

!
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It’s yours

k RADIO-TV
'“ | ELECTRONICS
o }' CATALOG

{
'U:
lc;.mN'rTn PAGE

1970

e

| R e RADIO-TV

| ELECTRONICS

T CATALOG
YOUR BUYING GUIDE FOR . ..

TV’s, Radios, Recorders, Phonos, A and CB equip a
electronic parts, tubes and test equipment . . , featuring B-A's
famous big bargain packed section!

rreecsscasaaeae Wite tor cecccccccacay

: BURSTEIN-APPLEBEE CO., 1

1 DEPT. EW-4 3199 MERCIER ST, |

: KANSAS CITY, MO. 64111 :

: Name :

: Address : /-":'_“'\
: City _ : [

H 1

B State Zip Code ]

- - - - - - - - - - - - - - - - - - - o
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SELECTRON WORKNS!

IMPROVES SOLDERABILITY

® SOLDERING PROBLEMS—Selectron simplifies soldering to cluminum,
stainless, refractories, glass, without acid fluxes.

® PRINTED CIRCUITS—Selectron repairs breaks; gold or rhodium
plates tabs; plates flexible cable.

® MACHINING—Selectron builds mismachined parts back to tolerance.
® CORROSION RESISTANCE—Selectron replates selected areas

with chromium, nickel, tin, etc; refurbishes rejects.

SELECTRON MEETS ALL

SELECTRONS. LTD.
116 EAST 16th STREET @  NEW YORK, N.Y. 10003

Tel: (212) CA 8-6800
CIRCLE NO. 120 ON READER SERVICE CARD

MILITARY SPECIFICATIONS

“WRITING FOR TECHNICAL AND BUSINESS MAGAZINES” hv
Robert H. Dodds. Published by John Wiley & Sons, Inc.,
New York. 188 pages. Price $7.95.

This book is for that army of engineers and the technically
knowledgeable who want to share their expertise with their
fellow engineers and /or enlightened lavinen.

The author presents a number of cogent arguments for the
engineering writer: because it is part of his work, because he
“owes” his profession information on new developments.
because it brings recognition to the author, and Dbecause
recognition is essential to professional success.

A number of information-packed chapters are devoted to
the bread-and-butter techniques of writing and marketing
articles for the technical press. The appendices include a style
guide, copyreading symbols, and a listing of technical and
business publications that accept contributed articles, along
with their addresses.

* * *
1-2-3-4 SERVICING AUTOMOBILE STEREO" by Forest I1. Belt
& Associates. Published by Howard W. Sams & Co., Inc.,
Indianapolis. 189 pages. Price $3.95. Soft cover.

The booming market for in-car stereo equipment has
opened up a new field for service technicians and provided
plenty of headaches for those who don’t know how to handle
such servicing. By the verv nature of the “beast” auto stereo
equipment usually requires more frequent and better servic-
ing than in-home systems. Vibration. dust. dirt, and moisture
all take their toll and the author suggests a program of pre-
ventive maintenance to keep all such equipment in top-notch
condition,

The first chapter explains the author’s plan of “1-2-3-4
Servicing” which is applicable to all electronic equipment
once mastered. This technique consists of diagnosing, locat-
ing the faulty stage. isolating the trouble to a small portion of
the instrument, and pinpointing the fault to a specific part.
The second chapter shows how this same procedure can be
applied to mechanical equipment such as record changers,
The next five chapters cover the specific auto stereo equip-
ment while the final four chapters explain how the “1-2-3-47
svstem is applied to this specific problem.

The text is concise, well-illustrated, and written in an
informal but no-nonsense format.

* # R
“ELECTRON!C CIRCUITS FOR THE BEHAVIORAL AND BIOMEDI-
CAL SCIENCES"' by Mitchell H. Zucker. Published by W. H.
Freeman and Company, 660 Narket St., San Francisco,
Calif. 94104, 235 pages. Price $9.75.

Although this is a book for a rather specialized audience
of researchers who must work with or devise electronic equip-
ment for use in their studies. many of the circuits covered are
adaptable to non-research applications.

Since the author is an electronics technician at the Univer-
sity of California’s Department of Psvchology, he is familiar
with the problems faced by researchers and is well aware of
their deficiencies when it comes to working with and under-
standing electronic equipment. The circuits he describes have
all been tested and are foolproof. He further assists his col-
leagues by providing complete parts lists with sources.

The book opens with three basic chapters dealing with
semiconductor operation, understanding circuit diagrams,

72 ELECTRONICS WORLD
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and construction techniques. The balance of the book is con-
cerned with troubleshooting, power-supply circuits, sensing
and control circuits, programming and time-delay circuits,
and audio circuits.
* * *

“INSTALLING & SERVICING HOME AUDIO SYSTEMS” by Jack
Hobbs. Published by Tab Books, Blue Ridge Summit, Pa.
17214. 250 pages. Price $7.95 hard cover, $4.95 paper-
bound.

This book is for practicing or potential service technicians
who are interested in getting a slice of the burgeoning audio
market. The author is convinced that there is “gold in them
thar decibels” and technicians are making a mistake in not
mining this lode.

After the persuasive chapter on why the technician should
take up audio service work and the equipment he will need to
do a professional job, the author deals with AM receiver
maintenance, FM tuners, servicing stereo-I'Nl equipment,
preamps and amps, combination nnits, solid-state power sup-
plies, tape recorders and players, mobile radios and tape
players, automatic record changers, how to sell and install
audio systems, commercial audio work, and home and busi-
ness intercom installations.

Since the book’s audience is assumed to be professional,
the author does not deal in basics but in how to work eflec-
tively with his present technical skills and in improving his
work habits. To this end, the book is filled with professional
hints and shortcuts, schematics, photographs of servicing
procedures, typical equipment of various types, and wave-
forms.

* Ed *
101 QUESTIONS & ANSWERS ABOUT HI-FI & STEREO” by
Leo G. Sands and Fred Shunaman. Published by Hotward
W. Sams & Co., Inc., Indianapolis, Ind. 124 pages. Price
$3.50 soft cover.

This book is designed for anyone interested in hi-fi sound
reproduction—beginner or advanced audiophile as well as
audio service technician. The format is one of questions and
answers but the material has been divided into six parts so
that the reader doesn’t need to go through all 101 Q&A’s to
find the material he needs.

The first section deals with hi-fi systems, next comes the
part on amplifiers, then tuners, record and tape plavers,
speakers, and finally troubleshooting and maintenance. Each
part has an index listing the questions and answers covered
in that section.

The text is lavishly illustrated and easy to read. The only
reservation is that, as so often happens when experts discuss
their specialty, the material swings wildly from over-simpli-
fication to discussions of circuits and standards without any
explanation (viz.. no explanation of Hz, references to phase
inverters. push-pull output tubes, modified class-A. decoupled
stages, feedback-tvpe controls, etc.). Thus, if vou are not
quite the “beginner” that the authors envision. you should
have no trouble understanding the material.

+* #* *
“ELECTRONIC CIRCUITS" bv J. Richard Johnson. Published by
Holt, Rinchart and Winston, Inc., New York. Two volumes,
$9.95 each hardbound, $6.30 each paperbound.

These two volumes, designed for technical institute and
junior college courses. cover direct current (Vol. 1) and
alternating current (Vol. 2).

The author, who is with Bell Telephone Laboratories,
offers a carefully developed presentation for those embark-
ing on a career in electronic technology. The student should
have a working knowledge of algebra and trigonometry but
other than that requirement, these volumes are complete and
the student can develop his skills as he goes along. The inclu-
sion of a number of worked out problems as well as hundreds
of exercises for the student enables the instructor to check on
the student’s comprehension before going on to the next
topic. A

April, 1970

TYPE: T

Mtg. Area: 0.1 sq. in.
Q: > 2000 @ 150 MHz
pF: 1.3-5.4 t0 1.9-15.7
TC: plus 30 + 15 ppm/°C

TYPE: U

Mtg. Area: 0.2 sq. in.
Q: > 2000 @ 150 MHz
pF: 1.2-4.2 to 2.4-24.5
TC: plus 45 = 15 ppm/°C

TYPE: V

Mtg. Area: 0.3 sq. in.

Q: > 2000 @ 150 VHz
pF: 1.4-13 t0 2.2-34

TC: plus 50 + 20 ppm/°C

It takes brass
to machine capacitors
like these.

Johnson precision machines each rotor and stator
from solid brass extrusions. That’s what gives them
such low temperature coefficients, consistently high
Q and outstanding mechanical stability and electrical
uniformity. All at a cost probably lower than what
you are now paying.

Type T, U, and V air variable capacitors are available
in a variety of mounting configurations from your
nearest E. F. Johnson distributor (see Yellow Pages).
For more information, mail the coupon below.

E. F. JOHNSON COMPANY
1104 Tenth Ave. S.W./Waseca, Minn. 56093

Please send new 1970 Capacitor Catalog.

NAME.

ADORESS 000000000

cITY. _

STATE. S ZIP

E.F.JOUHNSON COMPANY

®WASECA MINNESOTA 560893
CIRCLE NO. 108 ON READER SERVICE CARD
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CATALOG
ON REQUEST

CLOCK MOVEMENTS

DIGITS RESETTABLE INDIVIDUALLY

Avaitabte in 50, 60 c¢y., oll valtages,
approved motor, cord. One Yeor Guarontee,

#130....12-HOUR #131....24-HOUR

AC. Ul

#75

Tymeter
Elapsed
Time
Digital
Computer

Made in U.S.A.
Complete Line: Delay, Interval
ond Cycle Timers, Digital Computers
PENNWOOD NUMECHRON COD.
TYMETER ELECTROMICS

F1a% FRAMNITOWN avE  PITISAURCH, PA. 13208

CIRCLE NO. 126 ON READER SERVICE CARD
=S S

- ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE
HOME STUDY COURSES IN:
= Electronics Engineering Technology

= Eiectronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in Elec-
tronics Engineering. we're a forward
looking school. OQutstanding lesson ma-
terial—thorough and easy to understand.
Engineering taught on the basis of appli-
cation and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the difference
between a low paying technician job and
a high paying engineering position. Low
tuition cost with low monthly payments,
Free engineering placement service for
our graduates. Write for free descriptive
titerature. Ask for bulletin J, no sales-

man will call on you,
Jeckson, Mizs. 39209

% COOK'S INSTITUTE
Established 1345

Ul ¥l
af ff.-!‘:-‘:'frﬂnl': 3 {:.nyi';rﬂ'ﬂ'n?
Formerly Cook's School of Electrenles

Forest Hill Rosd
F. 0. Box 10634

CIRCLE NO. 143 ON READER SERVICE CARD
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TEST
EQUIPMENT

Product Report

Melsey SN-2 Wave/Dip Meter

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

F vou talk to just about any knowl-
edgeable ham about a grid-dip meter,
he should be able to give you at least a
half dozen uses for this versatile, com-
pact piece of test equipment. These
include finding the resonant frequency
of tuned circuits, acting as a signal
generator or field-strength meter, mea-
suring L, C, and Q. The AMelsey SN-2
is a transistor version of the grid-dipper
but operating at the u.h.f. frequency
range of 400 to 1150 MHz. This 6-in,
10%-0z unit provides continuous tuning
and is directly calibrated to better than
1 percent by use of a 30-in steel tape
on which the frequency is marked.
Power for the instrument is obtained
from a single 9-V transistor-radio bat-
tery. Current drain is onlv 1 mA when
the unit is used as a wavemeter, and
2.5 mA when used as an oscillator.
The oscillator circuit (see diagram)

is a modified Colpitts in a cavity con-
figuration. Tuning is by means of a
patented variable capacitor (T,.), con-
sisting of a precision glass tube swith
silver-plated brass bands around the
outside. A copper-plated Invar slug
traveling within the tube forms a glass-
piston variable tuning capacitor with
the outer bands. There are no wip-
ing contacts and the piston moves
smoothly through the tube without ro-
tating. A second glass capacitor assem-
bly (C1 and C2), fitted over the
variable tuning capacitor, forms the
transistor base and collector coupling
capacitors.

The entire capacitor assembly is
mounted within the forward section of
a double compartment case and contact
with the front and rear walls of the sec-
tion completes the cavity structure
(L1). The rear compartment shields

J¢8 rR7

AN
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the retractable (1. ¢ slug and accom-
modates the isolation feedthrough
capacitors (C8, C9, and C10).

The oscillator output is inductively
coupled by means of L4 and L6
through a pair of crvstal diodes to the
indicating meter. With the oscillator
operating and with external coil L8
brought close to a resonant circuit, the
current will dip sharply as the wave/
dip meter is tuned through the same
frequency as the resonant circuit. The
exact frequency can then be read di-
rectly from the calibrated dial of the
instrument. With the oscillator turned
off, the unit is used as a wavemeter or

field-strength meter. Now the meter
peaks to a maximum value when the
instrument is tuned to the same fre-
quency as the external circuit. Note
that when used as a dipper, power need
not be applied to the circuit under test,
but when the instrument is used as a
wavemeter, the external circuit must be
powered.

A miniature coax receptacle is also
provided for direct connection to a 50-
ohm cable. The connector assembly can
be rotated to provide at least 30 dB
variable attenuation.

Price of the Melsey Model SN-2
wave/dip meter is $185. A

General Radio Type 1808 A.C. Voltmeter

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

A\I a.c. voltmeter is a general-purpose
instrument that is sensitive enough
to measure a.c. signals in the millivolt
range. Such an instrument is widely
used to take audio measurements or
measurements in the ultrasonic and low
r.f. ranges. It is also used for attenuator
testing and for calibrating various types
of transducers.
The new General Radio Type 1808 is
a laboratory or production-line instru-
ment of this tvpe. It is a sensitive, aver-
age-reading voltmeter calibrated to read
r.m.s. values of a sine wave. The most
sensitive of the meter’s six ranges reads
up to 1.5 mV full-scale. while the high-
est range is 150 volts. A separate attenu-
ator probe is available to extend this to
1500 volts. The dvnamic range is high,
20 dB per range, permitting a single
scale to be used for all readings. The
usual dB scale is also provided on the
meter. Frequencies can be measured
over the extremely wide range of from
10 Hz up to 10 MHz and the meter
accuracy is =1 percent of reading over
most of this range.

An FET input buffer provides the
high 10-megohm input impedance and
trequency-compensated resistive divid-
ers add to the uniform frequency re-
sponse. The diodes that are used to
convert a.c. signals to d.c. values that
can be read on the meter are inside the
feedback loop of the amplifier used.
This prevents any diode nonlinearity
from affecting meter reading. The am-
plifier provides high open-loop gain
even at the top frequency of 10 MHz.

Compared to a service-type a.c. volt-
meter, this instrument is expensive. The
Type 1808 sells for $295 while a service-
type meter might cost around $90. How-
ever, the less expensive instrument is
not as accurate (it may be 2 to 3 percent
of full-scale rather than 1 percent of the
actual reading); not as sensitive (the
lowest range might be 10 mV rather
than 1.5 mV); not as wide in frequency
coverage (it mav go up to 1 or 1.5 MHz
rather than 10 MHz); and it may not be
as stable. Hence, when the need exists
for this better performance, a higher
price must be paid. A

Eico Model 465 Oscilloscope
For copy of manufacturer’s brochure, circle No. 5 on Reader Service Card.

VER the years we have built and
used a number of Eico oscillo-
scopes. The company has always prided
itself on its scope line and it is continu-
ing this tradition. There are now four

April, 1970

scopes in the manufacturer’s line, one
3-in scope and three 5-in scopes. The
Model 435 is a wide-band (d.c. to 4.5
MHz) 3-incher, priced at $119.95 as a
kit or $169.95 factory-wired. The Mod-
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Enjoy Relaxing Background

Music at Home with . . .
NO COMMERCIALS!

Our SCA-1 Decoder makes possible reception of
this “private’” musical programming, transmitted
by nearly 400 FM stations around the country.
YOUR FM tuner or receiver can recover this
“hidden’” music with the simple addition of an
SCA-1.
Hook-up in minutes—full instructions supplied.
SCA-1 is self-powered . . . uses all solid-stote
circuitry (FET's, 1C's, NPN's). Works with any
quality FM Tuner or receiver.
Send check or m.o. for either . . .
SCA-1 (Wired, ready to use)
SCA-1K (Kit, all needed parts)
Etched, drilled P.C. Board plus speczial

IC and full construction plans...... $12.50

N.Y. State Residents Add Appropriate Sales Tax

One year parts guarantee
Prohibited for commercial use
FREE National S.C.A. station list
supplied with every order.

SCA Services Co., Inc.

Box 601 EW, Port Washington, N.Y. 11050
(516) 883-5694
CIRCLE NO. 124 ON READER SERVICE CARD

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Valve Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak-
ers, Changers, Tubes, Tools, Sterec Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credlt plan available.

NAME
ADDRESS___
City_______
GIVE ZIP CODE

STATE

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

OLSON ELECTRONICS

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

CIRCLE NO. 128 ON READER SERVICE CARD
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In 1948 University unveiled the
world's first popularly priced,
full fidelity speaker, the 6201 :
— and home high fidelity was (TR

In 1948, University Sound
made home high fidelity possible.

In 1970, we made it perfect.

born.

4

|
5

s~ In 1970 University unveils the
—\finest, fullest line of high fidel-

)ity products in the world—and
~» home high fidelity is now per-

fected.

EL PRESIDIO

Nothing we say can possibly
sound as good as the speaker
itself. It is, quite simply, a
floor model unit that matches
systems twice its size for
sound and fine cabinetry. El
Presidio provides crystal-
clear, note-perfect highs . . .
bass you can feel . . . a mid-
range you can hang your hat
on. Look at its specifications.
Free-standing, four-way, two-
speaker system ® Frequency
Response: 20-40,000 Hz =

PROJECT M EL PASO

Power Handling Capacity: 40
watts IPM ®m Impedance: 8
ohms ®m Components: Univer-
sity’s incomparable Model
312 full-range, three-way, Dif-
faxial speaker with patented
Diffusicone mid-range and
patented Sphericon tweeter,
complemented by University’s
famous Aerodynamic Bass
Energizer m Controls: Con-
tinuously variable Brilliance
dontrol recessed in back =
Finish: Lustrous oiled walnut
® Dimensions: 23" x 24" (W)
x 15” (D) ® Price: $199.95.

PRICE SLIGHTLY HIGHER ON WEST COAST.

MEDITERRANEAN EEBORAEE

UNIVERSITY SOUND: the finest, most complete line of high
tidelity speaker systems in the world, from the world’s leading
manufacturer of electroacoustics products.

' UNIVERSITY SOUND P.0. Box 26105, Oklahoma City, Oklahoma 73126
A quality company of LTV Ling Altec. Inc.
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el 427 is a more sensitive 5-incher with
a response from d.c. to 500 kHz, priced
at $99.95 as u kit or $139.95 factory-
wired. The Model 460 is a 5-incher that
is only slightly less sensitive but with a
wider frequency band (d.c. to 4.5
MHz), priced at $99.95 in kit form or
$149.95 factory-wired. The top of the
Eico scope line and the subject of our
report this month is the Model 4G5,
which the company refers to as its
professional oscilloscope. More expen-
sive than the other scopes in the line
($179.95 as a kit, $249.95 factorv-
wired ), this model offers more features
and better performance.

The new Model 465 has a vertical-
amplifier response Irom d.c. to 8 MHz,
which is more than adequate for color-
TV service. The horizontal-amplifier
response is from d.c. to 1 NMHz. Both
amplifiers are push-pull and direct-
coupled throughout, permitting true
voltage measurements and observations
of just about anv waveform. The scope
cun also be used as a vectorscope for
color-TV work. A pair of zener-con-
trolled voltage reference sonrces provide
an accurate sowrce of calibration volt-
ages for both the vertical and horizontal
channels. Vertical sensitivity is 12 m\
(rm.s.) em; horizontal sensitivity s
nearly as great at 17 mV (rams.)/cm.
Four-step calibrated and frequency-
compensated input attenuators are pro
vided for both channels.

The scope has automatic svne with a
sync limiter and amplifier to provide
rock-steadv waveforms over the entirve
sweep range. A flat-face CRT is used
with a Mumetal neck shield to minimize
the ellects of exlernal magnetic fields.

One problem that comes up in the
design of anv high-gain scope such as
this one is the presence of residual hum,
especially in the low-level vertical-input
stage. If this stage uses a tube with only
a very slight amount of heater-cathode
leakage, the hum voltage will be ampli-
fied along with the signal to be ob-
served. As a result. the horizontal por-
tions of the wavefornis will be thicker

ELECTRONICS WORLD
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than they should be, making accurate

study of tl aveform difficult. To pre- : . i
f‘(}::tvt(}:is ’ﬁlg i(\;tv-(]:\]el( ltull)l(;s must be | DON,T SETTLE FOR A HIT
arefully selected or hum-balancing cir- :
e g Spa AND MISS IGNITION SYSTEM—
We used one of the earlv Eico 4635s,
By merely substituting another pair of \\\JV f[[l rﬁfana ]
6AUS input tubes, the residnal hum |
was cut way down and the waveforms N
seen on the screen were extremely sharp.
tubes carefullv so that this problem
should not occur in subseqnent models —
of the scope. : 4”0 sykof 0;
held with onlv four screws, make it =
simp]e\to perform internal adjustments kfﬂl p[kf0kM4”L‘£
- do servicing that may he re-
;rni:e(d. lél)}:]ess;(\]e I])]unel]expl:)]ses all the r””’ coME'S' fkolﬂ
point-to-point wiring.
After using the new Eico Model 465
for a while, we can sav that it is certain- | ' INSTALL A
* JUDSON ELECTRONIC MAGNETO
“SWITCHLESS"” . 5
DUAL-RANGE VU METER H. offt.ars the combmec:.i .adva.ntages of both th.e siandfurd ?.r<.un
sistorized and capacitive discharge systems in one simplified

and we discovered this very problem.
The company has been selecting these
The two removable side panels, each
tubes and adjustments while the other /
side panel exposes all the below-chassis POS/’/V[ /6”/’/0”.
Iy a worthy addition to the company’s ‘
SYFWIRSION T patented circuit. Over 100,000 users will

ASSUME that you have 1o provide an tell you that it p"OVideS better
option of a vu meter or a vu meter rf rman o g

through an 8-dB pad for monitoring perto cere smo.other running 'engme
600-ohm balanced audio lines in a patch and keeps your car In tune. You will feel
panel. g .

How do you handle it? The existing the difference ”ght from the start.
patch panel used shorting type “stereo Installed in twenty minutes.
headphone” jacks rather than the more o
common (and expensive) double phone Sold at better automotive performance
jaeks. The vu meter was to be used with dealers and electronic su ly stores
a series 3600-ohm resistor so that 0 vu ' PPY
was indicated for a line level of +4 dBm. everywhere.
This meant that the 8-dB pad had to be
switched in and out on the meter side of Write today for free literature

the 3600-ohm resistor and had 1o exhibit
3900 ohms impedance in and out in or-
der to maintain a constant load on the
600-ohm lines 1o be monitored. Switeh-
ing the pad in and out would be simple

if ?l were on the olh(“r side of the 3()00-1 R E S E A R C H & M F G . C O .
HIRSURRAISINAGIl  CONSHOHOCKEN, PA. 19428

vir mueter

cireuit.
The seeret is to take advantage of the —— — CIRCLE NO. 134 ON READER SERVICE CARD _

non-polar nature of the vu meter. To by = 7 5
see how it is done, refer to the diagram = Of The WORI'D s
h('lolw. l : R A / FREE Catalog FINEST GOVIT
SURPLUS ELECTRONIC BARGAINS

Method of hooking up the non-polarized
vu meter so that it indicates two ranges

depending on where the plug is inserted.
- | Now BIGGER and
= =] BETTER Than Ever!
] 16790 o i
. o L r—-MAIL COUPON TODAY-———-
3600 3600 1679 1679
o noon 0
7520-& %j ) 7sgon u}fo :@ : - ' : :
—_— Dept. EW e BOX 1105
OVU=+4dBm EQUIV.CKT, 0 vU=+12dBm EQUIV. CKT. FA , R R A D , o SA L Es |.|efl3\A, OHIO 45802
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Look! You get 25 kits...

more than ever before at no extra
cost...for your practical “hands-
on’’ learning of electronics and
TV with RCA Institutes Home
Training! Send postcard today!

78 ELECTRONICS WORLD
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Now, RCA supplies 25 kits in its home-
study career program—at no extra
cost! Be sure to compare this with
other home-study electronics pro-
grams. And note, you never have to
take apart one kit to build another
piece of equipment because there are
literally thousands of parts making up
the kits. Information on them is in-
cluded in the catalogue which you'll
get when you mail in the reply post-
card or the coupon.

Absolutely practical, your kits are
used to build such permanent, profes-
sional and useful equipment as an
oscilloscope, a signal generator, a
multimeter, and a fully transistorized
breadboard superheterodyne AM re-
ceiver. They will give you years of
valuable service.

in addition, an easy way to learn—the
career programs are all based on the
easy, step-by-step AUTOTEXT
method. AUTOTEXT is unique and ex-
clusive with RCA Institutes. Math and
circuitry problerns simply meit away!
So check the wide range of elec-
tronics and TV career programs.

Eleven Career Programs: Television
Servicing (including color TV and

April, 1970

"CATV) * FCC License Preparation *

Automation Electronics * Automatic
Controls ¢ Industrial Electronics *
Nuclear Instrumentation ¢ Electronics
Drafting * including these four all-new:
Semiconductor Electronics * Digital
Electronics ¢ Solid State Technology *
Communications Electronics.

Also check the new Computer Pro-
gramming course—trains you to work
on today's largest data processing
systems including 1BM/360 and RCA
Spectra 70, the Third Generation Com-
puters.

You get tuition plans as flexible as you
wish: pay-as-you-order or pay-by-the-
month...you choose! No interest
charges! No other electronics home
study school offers both these
choices.

Classroom training also available —
day and evening coeducational
classes start four times a year. No
previous training required—you can
take preparatory courses if you
haven't completed high school.
Placement service, too—with RCA
Institutes classroom training, you get
the full benefits of the RCA Job Place-
ment Service. RCA Institutes grad-

wwWw.americanradiohistorv.com

-

aw

uates are now with companies that
include Bell Telephone, GE, Honey-
well, IBM, RCA, Westinghouse, Xerox,
and major radio/TV networks. This
placement service is also available to
Home Study Graduates.

Veterans: enroll now —all courses are
approved under the Gl bill

Accredited Member National Home
Study Council.

If reply postcard has been removed, mail this coupon.

RCA INSTITUTES, INC.

L]

L] L]
e Home Study Dept. 240-004-0 ®
¢ 320 West 31 Street, New York, N.Y. 10001 .
L] L]
e Please send me free illustrated career o
e catalog. ®
(] L]
: Age :
L) L ]
L] L]
e Name 3
. (please print) .
L4 L)
o Address .
L) L]
L .
* City =
L] L]
L] L]
. L]

+ State Zip .
* For Gl information, check here [] O
e 0000 00 00 00 0000 SOSeROROON OIS
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Fig. 1. Low-cost, multirange transistor checker.

OME commercially available transistor checkers are
found to be somewhat inaccurate and limited in ver-
satility; usually they give only an indication of qual-

itv, ie., a “ves-no” answer as to whether the transistor is
operative or not. Thus. these models are unsuitable for match-
ing transistors or for precise measurements of Dbeta under
varying conditions of base current or collector power. Fur-
thermore, many commercial units are a.c.-line operated
which leads to problems when servicing units in the field.
One would think that battery-operated devices should be
checked with testers which are also battery operated, thus
leading to a greater degree of portability. Last, but not least,
commercial units are expensive, starting at about $100 while
the unit described here is capable of measuring more varia-
bles than the average tester and can be built for about $20 or
less, depending on what spare parts the technician may have
available.

Deseription

The multirange transistor checker (Fig. 1) can measure
beta on two ranges, 0-50 and 0-500, at two different collector
power levels, making a total of four beta ranges in all. It also
tests diodes, measures transistor leakage currents, and indi-

ates short- and open-circuit conditions. The schematic
diagram of the unit is shown in Fig. 2.

The circuit is essentially a constant-current base drive to
a common-emitter transistor circuit. The collector current is
measured by a 0-50 microammeter (3M1) that is calibrated
directly in terms of beta (0-30) and microamperes (0-50).
The higher beta range (0-500) is obtained by shifting the
decimal point in the 0-50 range reading.
A 2-pole. 3-position wafer switch (S1)
selects the proper base current and
meter shunt resistors simultaneously. A
4-pole, double-throw toggle switch (S2)
selects the correct transistor polarity
“NPN/PNP” by reversing both battery
and meter connections. A push-to-make
“Read” switch (S3) is the test switch.
Some of the component values, such as
shunt resistors R4 and R5. mayv have to
be changed to match the resistance of
the meter used. A 1600-ohm meter
(50 #A) was used in this case.

Because the transistor checker is used
intermittently in most testing anplica-
tions, only four 1%-volt “C” or “D” cells
are required to power the unit. The
midpoint between the four cells is

R1—1300 ohm tes.

R2--13.000 ohm res.

R3-130,000 ohm res.

R4—0.8 ohm res.

R5—8.0 ohm res.

S1—-D.p. 5-pos. rotary wafer switch
S2—4-pole, d.t. toggle switch

Multirange
Transistor Checker

By J. E. ORME

Inexpensive, portable tester measures beta on two ranges
at two different collector power levels. Also checks for
opens, shorts, and leakage of transistors and diodes.

transistor is in place, base current will be drawn continuously,
while collector current will flow only when the “Read” but-
ton is pressed. Transistors can be left connected when the
switch is in the “I,~ position, as no base current can be
drawn under this condition.

Measuring Beta

The parameter beta (B) is, of course. the current gain or
amplification, considered with the base terminal as the input
and the collector as the output. This configuration, the
common-emitter circuit, is the most commonly used one in
present-day circuits. This transistor checker measures d.c.
beta, i.e., the ratio of d.c.-output to d.c.-input current, where-
as some instruments measure the a.c. or dynamic beta, using
an alternating-current signal for this purpose.

I,

Iy

Strictly speaking, Deta is defined as where I, = col-

lector current and I = base current.

When using the multirange transistor checker to measure
B, the results change very little if the collector voltage, de-
pending on the transistor, is allowed to vary from test to test.
This is because transistor characteristics, analogous to those
of a pentode, are independent of collector voltage as long as
the operating point is maintained in the “plateau” region.
What is considered more critical is the constancy of the base
drive current which is obtained in this circuit by a “constant-
current generator” approach with Iy = (Vyu-Vig) /Ry
where Vy;;; = base supply battery voltage, V,,; = base-
emitter junction voltage drop, Ry, = base current-limiting
resistor, and I, = base current.

Fig. 2. Schematic and parts list of transistor checker discussed in article.

$3—S.p.s.t. normally open push-button switch
PL1—2.2 V lamp with holder

F1-4-A pigtail fuse

M1—0-50 microamp meter

SO1—Transistor socket

B1—Four 114 V “'C”’ cells in series

D1, D2—Low-power silicon diode (1IN4001)

4
Rl
A 850 HIGH-POWER 50
R 500
siA B RANGES 500 s18

LOW-POWER

AAAAAAA

used for the base drive circuit. No “on-
ofl” switch is required since the “Read”
switch (S3) is spring loaded and is in
series with the battery supply. No cur-
rent can be drawn unless a transistor or
diode is connected to the test terminals
or plugged into socket SO1. When the

82

be

BINDING
POSTS

E
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Thus Iy is constant (0.02 mA to 2.0 mA in four ranges),
as long as Vyy, and Vi are constant. Depending on the
transistor being checked, small variations of Vg (£0.1 V)
might result in a 5 percent error in beta. With a constant-
current base drive. it is only necessary to calibrate the
microammeter on the collector output directly in terms of
beta. Different values of R, are selected by switch S1 to
change the B range, which also causes the meter shunt re-
sistors to change (Fig. 2).

To obtain a measurement that indicates how beta varies
with base drive, it is only necessary to switch between the
high- and low-beta ranges (within the same power level set-
ting). The beta will be read for two base currents, 0.02 and
0.2 milliamperes. The constancy of the base current is as-
sured by driving the base from a high-impedance source
(constant-current drive), as previously mentioned. However,
the voltage source for the base drive circuit is kept at 3 volts
to ensure that the BV (emitter-base reverse breakdown
voltage) is not exceeded in case of accidental reverse connec-
tion. In many common transistors, the BV, is surprisingly
low; approximately 6 volts.

To measure beta variation with temperature, it is only nec-
essary to place the transistor. with extension leads, in an
oven with a thermometer. The foregoing tests can then be
carried out at different temperatures. and an accurate plot of
the transistor behavior with changing temperature obtained.
In addition. with this transistor checker, the collector current-
voltage characteristic can be plotted by altering the collector
battery voltage. For this purpose, an external variable voltage
series supply can be inserted at the binding posts.

As mentioned previously, beta can be measured at two
power levels. The low-power range is 60 milliwatts maxi-
mum, proportional to meter reading and the maximum power
level on the high setting is 600 milliwatts. Small-signal tran-
sistors can be measured at the 60-milliwatt level while the

600-milliwatt level corresponds roughly to the dissipation of
power transistors without a heatsink attached. These two
power levels are obtained by driving the base at different
currents to get 10 milliamperes collector current for the low
power beta ranges, and 100 milliamperes maximum for the
high power range. With a 6-volt battery, the 60-milliwatt
and 600-milliwatt levels are obtained, as: Collector Power
Dissipation = V. x 1.

Diodes can be tested bv connecting them between the
emitter-to-collector terminals of the tester; the meter will
then read 0-100 milliamperes maximum in the forward-bias
direction. The polarity across the diode can be reversed by
operating the “NPN/PNP” switch (82), allowing the reverse
leakage to be checked on the 0-50 microampere “I, ., “range
of the tester.

Short circuits are indicated when “Short” lamp (PL1)
glows and extreme meter overload is prevented by the inclu-
sion of diode, lamp, and fuse protection in the meter circuit.

A test of Iy, (collector leakage with base open) is pro-
vided on the 0-50 microampere meter range.

Operating Procedures

When operating the multirange transistor checker follow
these procedures:

1. Plug in transister and choose the correct polarity by
placing the “NPN/PNP” switch in the appropriate position,
as given by the maximum beta reading.

2. Check transistor for shorts on the low-power, high-beta
range. Shorts show as infinite bota or the “Short” lamp (PL1)
glowing. Open circuits show Deta equal to zero.

3. Measure beta on the four beta ranges as required; use
the low-power range first.

4. Check Igo only if no shorts are evident. Read I¢go
(leakage current) on the 0-30 microampere scale.

5. Disconnect transistor after testing. A

( TWO NEW BELL INGERS
FROM DELTA

D EI.TAI.ERT ..Your night watch-

man for pennies a month!

Delta introduces its all new uitra-
sonic silent sentry, the total motion
detection, intrusion and monitoring
alert system. The system plugs into
any wall outlet. It also features vari-
able sensitivity control and adjust-
able timing which provides the
most advanced sentry system on the
market.

SPECIFICATIONS:

Uttrasonic Frequency: 35 KHZ 2
Area Coverage: 15-30 feet (depend-
ing on shape of area) & Controls:
On-Otf Switch; Built in Timer; Vari-
able Sensitivity Control 2 Output:
110-130V at 1 Amp. © Power Requirements: 110-130V,
60 HzAC 2 Dimensions: 10%"W x 3%"H x 3%4"D 2 Com-
plete with 110-130V Drop Cord 2 Walnut designer
tinish. _ 559

For Complete Unit, Ready to Use........... ONLY ppd

¥ /\ DELTA PRODUCTS, ING.

P.0O. BOX 1147 « GRAND JUNCTION, COLORADO" 81501
PHONE: (303) 242-9000

HIGH VOI.T ANAI.YST Tune your

car like a pro.

Delta’s new concept in automotive tune-
up, The High Volt Analyst, is a unique and
complete auto analyzer which provides
all the primary advantages of a scope and
is completely portable.

N SPECIFICATIONS:

Accuracy — Tachometer ~2% of full
scale (all ranges) * Dwell Meter
) +1% (both ranges) + OHMS Scale

+5% + Low Voltage 2% of full

scale + High Voltage 5% of full scale ~

General — Fully protected meter circuit® » Size:

6%2"W x 8"H x 3%2"D » Weight: 3% Ibs. 2 Ranges

—DC Volts 0-15V, 15KV and 45KV * OHMS:0-1

Meg. (10K center scale) » Dwell: 4,6 and 8 cylinders » Tachometer:

0-1500 RPM, 6000 RPM
S79%, /359

*Batteries (8 Type AA cells} included.
Assembled Kit Form

Comes complete with standard lead set,
a special probe, and high tension lead.

: DEI.TA Please send me literature immediately. :
: | am enclosing for items checked. |
| [ DELTALERT !
| [J High Volt Analyst, Assembled I
I [J High Volt Analyst, Kit form |
: Please ship immediately. |
I Name S N :
J [
I

! l
! 1

Address -

City/ State Zp. —

[
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NEW PRODUCTS

& LITERATURE

MODULAR STEREO SYSTEMS
A new line of audio components which pro-
vides capability to custom-tailor two-, three-, or
four-channel stereo systems has been introduced
in both kit and factory-wired versions.
The first units in the new line are the HL-100
preamplifier and control unit and the HL-210

power amplifier and speaker-switching panel.
The units feature solid-state circuitry through-
out, 1C’s and transistors combined for optimum
performance. These modules can be combined
into a complete four-channel system using the
HL-110 (two preamps) and HL-120 (two con-
trol units) connected to a four-channel volume
level indicator (HL-330 or HL-340) for on-line
monitored input. Four-channel power amplifiers
may be used alone, in combination with speaker
selectors, remote location controls, or with bi-
amplification provided by the variable crossover
dividing networks. Hegeman Labs
Circle No. 6 on Reader Service Card

H. V. METER KIT FOR COLOR TV

The safe, accurate, and continuous monitoring
of picture-tube anode voltage of all color-TV
chassis under test is now possible with the new
10J110 meter kit.

Designed to enable service technicians to adjust
precisely the high-voltage output to manufac-
turers’ specifications, the new unit helps avoid
excessive voltage and possible abnormal x-radia-
tion.

The kit has been designed for quick and easy
installation into any of the company’s color test
jigs—10J102, 103, 104, 105, and the 11A1015A.
It can also be adapted for universal mounting in
any other test jig. The kit consists of a 3Y2-inch
rectangular 50-uA meter with a dial scale cali-
brated for a range of 0 to 35 kV d.c. with 70
scale divisions, a meter multiplier and cable as-
sembly, a meter ground lead, and meter mount-
ing hardware and instructions for installation in
color test jigs. RCA Parts and Accessories
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AM/STEREO-FM RECEIVER KIT

A deluxe medium-power AM /stereo-FM re-
ceiver has been put on the market as the AR-19.
The kit incorporates new circuitry ideas and a
power output considered to be ideal for most
home stereo systems.

The receiver incorporates five IC’s with a total
of 57 transistors and 35 diodes. Frequency re-
sponse is 6-35,000 Hz with less than 0.25% har-
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monic and IM distortion at any power level,
according to the company.

Eight circuit boards which snap in and out in
seconds make the AR-19 easier to build. It also
has built-in test circuitry (probes and meters)
to enable the builder to check each circuit part
without the need for external test equipment.

The factory assembled and aligned FM tuner
has a 2-uV sensitivity. For AM the set has a
built-in antenna that swivels in two planes for
better signal reception.

Further information on this new receiver will
be supplied on request. Heath
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TREASURE/METAL LOCATOR

The Model KG-366 treasure ' metal-locator kit
can be assembled even by beginners.

The unit is sensitive enough to detect an ob-
ject as small as a half-dollar six inches under
ground. When the search coil approaches metallic
objects, a clear audible indication is heard
through the unit’s built-in speaker. This elimi-
nates the need to watch a meter and makes easy
nighttime use possible. It is also possible to dis-
tinguish between ferrous and non-ferrous metals
by the pitch of the signal.

The locator has a dynamically balanced, tele-
scoping 36” tubular aluminum handle and a
waterproof 62" -diameter hermetically sealed
search coil. The unit operates from a single 9-
volt battery. Allied Radio
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R.F. LOAD RESISTORS
The new Models 8166 and 8164 “Termaline”
r.f. load resistors are the latest additions to a
family of dry air-cooled line terminations de-
signed for use in any position.
With the announcement of the new 150 and
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100-watt units, Bird Electronic Corporation now
has two 10-watt units with integral male or fe-
male N connectors, and basic 25, 100, and 150-
watt units with a choice of 17 common coaxial
connectors cach. This QC “Quick-Change” con-
nector feature provides unique flexibility at the
time of order or in the field and eliminates per-
formance-degrading adapters.

For complete specifications on the new units
as well as the other models in the line, write to
H. H. Heller, Senior Staff Engineer, at 330303
Aurora Road, Cleveland (Solon), Ohio 44139.

REPLACEMENT RECTIFIERS

Universal 2.5- and 3.5-amp silicon rectifiers,
capable of replacing all diodes having voltage
characteristics up to 100 volts, are now available.
These new units permit the service technician to
carry two rectifiers instead of stocking hundreds
of replacement types. The 2.5-amp subminiature
rectiier (R250F) has a 50-amp maximum surge
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For additional information on items
identified by a code number, simply
fill in coupon on Reader Service
Card. In those cases where code
numbers are not given, may we sug-
gest you write direct to the manu-
facturer on business letterhead.

CB = COMMUNICATIONS!
while the 3.5-amp unit (R350F) has a 70-amp
maximum surge.

The 2.5-amp rectifier is suitable for TV, radio,
and communications applications and replaces
HEP157 through HEP170, GE504A, GE5>09,
IN2069/A, 1N2070/ A, and 1N2071/A, among
others. The 3.5-amp unit is snitable for higher
power circuits in original and replacement appli-
cations as well as for industrial circuits requiring
ratings up to 1000 volts p.i.v. International Rec-

tifier
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ULTRA-HIGH-SPEED STROBE
For high-speed motion analysis and optical ex-
perimentation, a new full-capability stroboscope
with a continuous repetition rate of 600,000
flashes per minute has been introduced.
vernier frequency

The instrument features

control, ultra-short-duration light pulses, and
ultra-high stability for precise synchronization
and examination of subjects without spread, blur,
or confusion of the image for motion analysis,
according to the company.

The virtual point-light source, 0.20-microsec-
ond light-pulse duration, and high repetition
rate allow adaptation to many optical applica-
tions, including ranging and visual communica-
tions. U.S. Scientific Instruments
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FIRE AND INTRUDER ALARM

The “Alert DC-6” is a low-cost fire and bur-
glar alarm system for home or office use. The
system consists of a special hair-thin wire, con-
tact switches for doors and windows, and mount-
ing pins.

The system is key-locked so only the key hold-
er can turn off the alarm. An electronic delay
timer permits the owner to leave the protected
property and close the door before the alarm
system is activated. The latched circuit allows the
alarm to operate even if the protected door or
window is closed after entry. MRL, Inc.
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MARINE RADIOTELEPHONE

The Model MWW-18 radiophone is all solid-
state except for the last three transmitter stages.
The unit has been type-accepted by the FCC and
meets all requirements of the recent FCC ruling
on marine radiotelephones: 0.0019% frequency
tolerance; == 5 kHz frequency deviation; 25 watts
maximum allowable power output; 1-watt out-
put “low power” capability for in-harbor use;
and a post-limiter audio roll-off filter. This
means that the MWW-18 will require no modifi-
cation during the new rule implementation pe-
riod from March 1, 1969 to January 1, 1974 or
thereafter.

The unit features full coverage of both marine
v.h.f.-FM bands, with six transmit/receive chan-
nels which may be distributed within the two
bands as the user requires. It is designed around
a plug-in control head measuring only 4%4" w. x
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314" h. x 3'4"” d. An accessory extension cable
is also available to permit the control head to be
placed in one location and the chassis clsewhere.
Full specs on this new marinc radiotelephone
will be forwarded on request. Heath
Circle No. 13 on Reader Service Card

FM TUNER CHANNEL SELECTOR

The Model 804 FM tuner features digital rcad-
out tuning to replace the conventional FM dial.
Instead of the familiar tuning band and dial for
an FM tuner, the face of the 804 contains a black
rectangular window which flashes the number of
the channel which has been set. Tuning is positive
to the exact center of the channel. )

According to the company, all drift, misalign-
ment, and mistuning have been eliminated. The
new technique pinpoints the frequency since it is
tunable only to the one-hundred discrete chan-
nels designated by the FCC for FM broadcasting.
Selection of the desired channel is made by acti-
vating the dual-function channel selector switch,
manually or automatically. The tuner can also be
programmed for 24 hours of selected listening by
means of an accessory clock programmer. C/M
Laboratories
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CONTINUOUS CASSETTE PLAYBACK

A new cassette ‘“‘circulator’”—a snap-on device
that gives continuous playback capacity to auto-
matic cassette changers—has been introduced as
the Model CCS6.

The circulator, which has no moving parts,
makes possible 12 hours of non-stop, no-repeat
playback and then starts the cycle over again. It
functions with four to six cassettes, automatically
flips each for second-side play, and restacks the
cassettes for playing again.

Functionally styled in tinted plastic and stand-

ing 5 inches high, the CC6 is simply snapped on
for instant use. It is compatible with Norelco
cassette changer models 2401, 2401A, and 2502
as well as Bell & Howell modcls 332 and 337
and Ampex Micro 90 and 95 units. Norelco
Circle No. 15 on Reader Service Card

INTEGRATED MUSIC SYSTEM

The “Landmark 100” is a complete music sys-
tem which incorporates an AM/stereo-FM tuner
and record changer and comes with “Acoust
Array” speaker systems. Each system incorpo-
rates three full-range loudspeakers and a tweeter
in a rclatively small truncated cube enclosure.
One speaker faces forward but the others are
placed at asymmetrical angles at the back of the
cabinet, radiating sound so that it is reflected into
the listening area. The cabinets arc walnut fin-
ished and have dark brown grille cloths. Each
measures 10” x 10” x 10”.

The tuner features all-silicon transistor cir-
cuitry with an FET front-cnd. Four IC’s perform
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the functions of AM and FM i.f. and multiplex.
The unit has automatic mono/sterco switching
with a sterco indicator light. A zero-center tun-
ing meter aids accurate tuning.

A Garrard automatic turntable is included and
features the new “Sterco-V”’ magnetic cartridge.
Electro-Voice
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WORLD TIME DIAL FOR SWL's
A new, casy-to-usc, pocket-size world time dial
combined with radio frequency charts that lets
the SWL, DX-er, ham, or electronics hobbyist
quickly convert the time differences between lo-
cal standard times to that of other cities through-
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out the world, as well as GMT, is now available
for $1.00 a copy.

The compact, two-color selector measures 4" x
5” and can be used with the turn of a big, casy-
to-rcad dial. The frequency charts include the
international SW broadcast bands, radio and TV
broadcast bands, communications and navigation
frequencies, ham bands, standard time and fre-
quency signals.

Send your order, with payment, direct to Dept.
PR, The Hallicrafters Co., 600 Hicks Road, Roll-
ing Meadows, Il1. 60008.

STEREO RECEIVER WITH IC’s

The Model 5000A 180-watt AM /stereo-FM re-
ceiver features all solid-state design with IC’s in
the four i.f. amplifiers and an all-new 4-gang ca-
pacitor and FET in the Ist r.f. stage, plus two
FET's in the 2nd r.f. and mixer stage. The unit
also fcatures linear tuning in the FM section for
pinpoint station location.

Specifications include 180 watts of IHF music
power providing 75 watts per channel of con-
tinuous power at 4 ohms. FM tuner sensitivity is
1.8 ¢V (IHF), selectivity is better than 50 dB at
98 MHz, and stereo separation is better than 35
dB. The amplifier section provides a flat frequen-
cy response from 10 to 50,000 Hz.

Complete specifications on this new recciver
will be forwarded on request. Sansui
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5-MHz QUARTZ FILTERS

The Piezoelectric Division of Gould Inc.. 232
Forbes Road, Bedford, Ohio 44146 has an-
nounced the availability of a new Clevite 6-pole
coupled-mode quartz filter with a center fre-
quency of 5 MHz.

The filters are designed for matching solid-
state circuitry in communications receivers oper-
ating in the v.hf. and u.h.f. frequency ranges, as
well as in telemetry, radar, and aerospace voice
radio systems.

These filters have a 3-dB bandwidth of 14
kHz and a 60-dB bandwidth of 70 kHz. They
are supplied in a fAat-pack coldweld case.

Complete specifications on these filters are
available upon letterhead request to the Market-
ing Services department of the company.

STEPPING MOTORS
The Kearfott Division of Singer-General Pre-
cision, Inc.. Little Falls, New Jersey is supplying
specially designed Size 11 stepper motors and
power/logic supplies for use in the U.S. Geologi-
cal Survey’s stereo-image alternator system—an
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image-separation arrangement for viewing cither
black-and-white or color stereoscopic models in
projection-type stcreoplotters without necd for
filters.

Consisting of rotating cylindrical shutters in
both projection and viewing fields, and syn-
chronized so that cach eye sees only the image
emanating from a corresponding lcft or right
projector, the system is an improvement over car-
lier anaglyphic viewing instruments.

Stepping rates for projector and viewer motors
are controlled by switches on the C70 4919 002
power, logic modules®*while the CR 0191 010
stepper motor provides’ 1.8 in-oz holding torque,
90° /step stepping angle, 220 steps/s stepping
rate, and 450-chm winding resistance.

MULTI-FREQUENCY OSCILLATORS

A new series of multi-frequency fork oscilla-
tors for use in inverters, data communications
test sets, peripheral computer equipment, and
other related applications has been introduced by
American Time Products of Bulova Watch Com-
pany’s Electronics Div.

The series consists of FS-300, which provides
frequency outputs of 60, 120, 240, and 480 Hz,
and the FS-400 with frequency outputs of 5,
100, 200, and 400 Hz. Input is 45 V d.c. at
100 mA; output is square-wave compatible with
logic circuitry such as TTL. Standard accuracies
are as great as 0.002 percent.

All units are hermetically scaled, weigh ap-
proximately 2%2 ounces, and measure 1%2"
square by 134" high.

For additional information, address your let-
terhead request to the attention of the Product
Sales Manager at 61-20 Woodside Ave., Wood-
side, N.Y. 11370.

INTRUSION ALARM
The Model ACA-140 ultrasonic intrusion
alarm system is completely self-contained with
the sensitive detection device and 8” alarm bell
housed in a walnut wood cabinet measuring
75/5" X 8'5" X ll"s".
Identical in appearance to a bookshelf speaker

cabinet, the “Space Probe” projects an ultrasonic
beam which blankets a given area. Any intruder
interrupting this beam activates the unit, turning
on a light and, in about 15 scconds, the alarm
bell. The unit cannot be bypassed or defeated.
No installation is necessary—the unit is merely
plugged into an 117-volt a.c. outlet, turned on,
and adjusted for the required range sensitivity.
Bourns Euphonics
Circle No. 18 on Reader Service Card

AUDIO CONTROL CENTERS

Designed for home and professional sound in-
stallations, the new CC series of audio control
centers allows up to four or six stereo spcaker
systems to be selected for simultancous operation.
The centers will provide full sterco sound in
every room throughout the house with simple
push-button operation.

The unique “push-on and push-to-release”
switches are housed in a black metal case which
looks like leather. A contrasting brushed alumi-
num escutcheon plate houses ivory white push-
buttons and identification plate.

No external power is required for operation
and the center may be used in low or high im-
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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

pedance circuits. Currently six models are avail-
able in the series. Full details an features and
price are available on request. Alco
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NOISE-LOADING TEST SET

Electronic Communications, Inc., Box 12248,
St. Petersburg, Fla. 33733 has developed a noise-
loading test set for measuring intermodulation
distortion of h.f./SSB equipment and compo-
nents in accordance with MIL-Std.-1311 and 188.

Designated the Model 975, the unit has an out-
put power which is continuously variable from
10 mW to 100 watts. Minimum notch depth is
50 dB, accommodating signal-to-intermodula-
tion distortion measurements up to that figure.
Eliminating the interpretation of spectrum ana-
lyzer displays inherent in two-tone testing, the
unit provides direct meter indication of distortion
level.

The basic model provides a 12-kHz bandwidth
notched noise test signal centered at any given
frequency in the 2 to 30 MHz h.f. range (4 MHz

| typical). An option provides a baseband notched

noise signal in accordance with MIL-Std.-188C.
Inquiries and requests for additional informa-

tion should be sent to the Director of Customer

Requirements at the above address.

2000-WATT LINEAR AMP

The SB-220 linear amplifier uses a pair of
Eimac 3-500Z’s in the grounded-grid final to
provide up to 2000 watts p.e.p. input on SSB and
1000 watts on CW and RTTY, yet requires only
100 watts drive for full output. A pretuned
broadband pi input delivers maximum efficiency
and low distortion throughout the 80-10 meter
ham bands, according to the company.

Features include a built-in solid-state power
supply that can be wired for either 120 or 240
volts a.c. and circuit-breaker protection. A zener
diode regulates operating bias and reduces zero
signal plate current for cooler operation and
longer tube life.

The company estimates that the kit can be
assembled in 20 hours. Heath
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HIGH-POWER ENERGIZER
The new SE460 solid-state energizer incorpo-
rates all of the features of the company’s SE400S

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 . ..
by rich, full-range stereo sound!
Unbelievable? Hear the Quadrant's wail-
to-wall stereo, at your Scott dealer’s. You'll
become a believer. $149.95.
For more details, write:

NSCOTT

H.H. Scott, Inc., Dept. 160-01, Maynard, Mass. 01754

you're surrounded

CIRCLE NO. 121 ON READER SERVICE CARD
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plus 120 watts of continuous r.m.s. output.
Among the features of the new model are cus-
tom equalizer boards that tailor the signal for
the specific speaker system connected to it, all
solid-state circuitry, and low distortion. JBL
Circle No. 21 on Reader Service Card

COLOR-ORGAN KIT
An easily assembled color-organ kit which can
be connected to the speaker terminals of any re-
ceiver, amplifier, or console has been introduced
as the Model KG-338.
The all-solid-state three-channel circuitry sep-
arates the high, middle, and low frequencies into

blue, green, and red colored lights that provide a
three-dimensional display through the prismatic
screen.

The organ is supplied complete with a vinyl-
clad wood case which is finished in simulated
walnut veneer. It measures 8%4” x 14%4” x 5%4".
Allied Radio
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CONTACTLESS SOLID-STATE SWITCH

A contactless digital-output switch element
that can cycle up to one million times a minute
has been introduced by Micro Switch, 11 W.
Spring St., Freeport, I11. 61032.

The 1SS1 solid-state switch combines a Hall
clement, an amplifier, and unique switching
circuitry in a miniature package to control dis-
crete and/or integrated logic circuits. Since the
switching element is magnetically actuated, the
life of the 1SS1 is virtually unlimited, according
to the company.

The switch package is constructed around an
IC chip only 0.040-inch square, bonded to a
metal grid. The entire switch measures %2” x
12”7 x Y3” and is housed in a plastic case and
wrap-around aluminum shield.

Complete technical specifications on the 1SS1
are available upon letterhead request.

PORTABLE P.A. SYSTEM

The Model 280 portable p.a. system features
all solid-state circuitry, extended voice projection,
a dynamic microphone, and weighs less than four
pounds with its six standard “D” cells.

The unit is suitable for use by tour guides, in
schools, by civic groups, or other organizations
where voice amplification is necessary when ad-
dressing a crowd. The VP Company
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DUAL-PURPOSE NEON DEVICE

Signalite Inc., 1933 Heck Avenue, Neptune,
N.J. 07753 has introduced a new neon device
which acts as a suppressor for light-powered
transients and as an audio pass device on tele-
communications lines.

As a transient suppressor, the Type A280 will
arrest all transient peaks which exceed 205 volts,
the firing voltage rating of the device. After re-
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moval of the transient, the device will extinguish
at 45 volts. Operation does not interfere with
normal line voltage.

As an audio pass device it is turned on with
the application of d.c. pulses on the telephone
line. A bias voltage is supplied to keep the device
in the maintaining mode after the turn-on pulse
has been removed. An audio signal can be super-
imposed on the bias and passed by the tube to
the instrument.

The A280 is housed in a glass tube 1” long x
0.244” diameter. It has one-inch tinned leads.

NEON READOUT

Alco-Display Division, P.O. Box 1348, Law-
rence, Mass. 01842 is now marketing the “Elfin”
MG-19, a 9-segmented cold-cathode indicator
that forms numerals 0 through 9, 4+, —, deci-
mal point, and some alpha characters and the
MC-17, which is similar except it has 7 segments
to form 0 through 9, —, two decimal points at
upper left and lower right, and alphabet indica-
tions.

Both units have a combination spacer and
mount that simplifies PC wiring and changes
leads from round to straight lines.

For technical assistance in application planning
and additional information, address your letter-
head request to Philip Mignanelli, the product
sales manager of the firm.

FM SIGNAL GENERATOR

A new FM signal generator designed specifi-
cally for laboratory use and in production-line
testing of sensitive and distortion-free hi-fi FM
receivers has been introduced as the Model 188.

According to the company, two-speed tuning
control and electronic incremental tuning provide
exceptionally fast and accurate receiver alignment.
Internal or external modulation may be mea-
sured in three convenient ranges without need for
an external voltmeter. The unit may also be used
with existing multiplex modulators.

An all-solid-state power supply provides regu-

lated plate, heater, and low-distortion audio
voltages. The unit features double shielding, 50-
ohm source impedance at a low vs.w.r., and
wide deviation with low distortion.
A technical data sheet on this instrument is
available on request. Measurements
Circle No. 24 on Reader Service Card

MOTION-DETECTION SYSTEM

The new ultrasonic motion detection system,
called “DeltAlert™, is designed to detect any mo-
tion or intrusion and can be used both as an
anti-burglary device and as a convenience item.
The convenience aspects of the system include
activation of night lights in carports, garages,
offices. warehouses, or homes.

Operating on a frequency of 35 kHz, the unit
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will monitor an area of 15-30 feet, depending on
environmental conditions such as shape of the
area. The receiving and transmitting elements are
coupled both electrically and acoustically and the
unit has been designed to yield a relatively
broadband characteristic, forcing oscillation to
occur at a point of maximum acoustical sensi-
tivity.

The unit is designed to plug into any wall out-
let. The lights, alarms, or bells to be activated
are simply plugged into a receptacle on the back
of the unit. No rewiring is necessary. Delta
Products
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TIME-LAPSE VIDEO RECORDER
A video tape recorder that has been specifically
designed for time-lapse recording is now avail-
able as the Model EV-330TLV “Videocorder.”

The unit can continuously record more than 60
hours of picture on a single reel of 1-inch video
tape. One image is recorded in approximately
one second. The tape can be played back at the
recorded speed or up to 60 times faster to locate
a particular scene on the tape. Tapes recorded on
this unit are interchangeable with any other EV
series Videocorder.

The time-lapse recording can be used in re-
search and science, time and motion studies, and
for surveillance. As a regular video tape recorder
the unit is suitable for any industrial, educational,
medical, or other CCTV application. Seny Corp.
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FULL-RANGE SPEAKER SYSTEM

The “Quadrant Q-100” is a full-range speaker
system which produces a 3-dimensional stereo
effect throughout the room, according to its
maker.

The new system is especially suited to the re-
quirements of the recently introduced 4-channel
stereo, either with two Quadrants used as the
front pair or four systems all around.

Each system uses two 8” woofers and four 3”
tweeters. Frequency range is 38-20,000 Hz and
impedance is 6-8 chms. The system will handle
80 watts of integrated program material in its
air-suspension enclosure. Amplifier power re-
quirements are 10 watts minimum.

The cabinet, which measures 14%4” w. x 144"
d. x 22” h., is of contemporary walnut design
with a brown cane-pattern grille cloth. H. H.
Scott
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SOLID-STATE TAPE RECORDER

The first in a new series of tape recorders to
be introduced in the 1970’s has made its appear-
ance as the three-speed, solid-state 6000X stereo
deck—a 57-transistor instrument.

The compact new deck offers four precision-
gapped, Mumetal screened heads with the unique
crossfield design. It is available in quarter-track
and half-track models; may be used with low-
noise, high-output tape; operates in vertical or
horizontal position; and is housed in a walnut
cabinet.

Important features include peak-reading vu
meters for record and playback levels; automatic
overload protection; independent mike/line rec-
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ord-level controls for each channel; push-button
control for electrical functions and channel selec-
tion; and a single-level tape transport control.
Frequency response is 40-22,000 Hz at 72
in/s & 2V, dB. Tandberg
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CASSETTE TAPE

A new blank tape cassette which features
“Super Dynamic SD” tape is capable of extend-
ing the high-frequency response of most cassette
recorders. The cassette offers virtually flat re-
sponse from 50 to 10,000 Hz, with good fre-
quency response above and below these figures.

A new ferric oxide formulation uses a needle-
like particle shape which permits eight times
greater density of magnetic particles, improving
resolution and reducing sound distortion, accord-
ing to the company. The new binder system re-
duces cross-modulation and static charge and
there is no shedding of magnetic coating, thus
dropouts are eliminated. TDK Electronics
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MANUFACTURERS' LITERATURE

PRESSURE-SENSITIVE TRANSISTORS

Stow Laboratories, Inc., 159 Kane Industrial
Drive, Hudson, Mass. 01749 has just issued an
8-page brochure describing the physical sensing
and transistor characteristics of its “Pitran” pres-
sure-sensitive transistors.

The latest technical and applications data is
included, along* with typical circuits.

AUDIO EQUALIZERS

A new 6-page catalogue describing a complete
line of audio equalizers is available from Melcor
Electronics Corp., 1750 New Highway, Farming-
dale, New York 11735.

The equalizer line includes amplifier models,
graphic module units, shelf module, and active
program equalizers. These equalizers are used in
the broadcasting, recording, and sound systems
industry.

The publication includes detailed electrical
and mechanical specifications for all units. Photos,
wiring diagrams, performance curves, and gen-
eral descriptive information are also provided.

Address your letterhead request for a copy of
the catalogue to N. Sakellarios, vice-president of
the company at the above address.

CENTRIFUGE FOR TESTING

A new 44-page engineering data file on its
“Centrisafe™ centrifuge for acceleration testing of
semiconductors, integrated circuits, hybrid cir-
cuits, and other solid-state devices has been an-
nounced by Trio-Tech Inc. of California, 2435
N. Naomi Street, Burbank, California 91504.

Complete descriptions, specifications, and safety
features are included for variable-speed and fixed-
speed models. Also included is data on centrifuge
accessories consisting of rotors, G-converters, ac-
celeration multipliers, and spindle adapters.

THERMOCOUPLE DATA
Omega Engineering, Inc., Box 4047, Stamford,
Conn. 06907 has announced the availability of its
free 36-page thermozouple catalogue. It contains
both technical and price information on thermo-
couples, thermocouple probes, bare and insulated
(Continued on page 92)
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Exciting New Kit Ideas from Heath

New Heathkit 100-Watt AM /FM/FM-Stereo Receiver

World’s finest medium power sterco receiver ... designed in the tradition of
the famous Heathkit AR-15, All Solid-State ... 65 transistors, 42 diodes plus
4 integrated circuits containing another 56 transistors and 24 diodes. 100 watts
music power output at 8 ohms — 7 to 60,000 Hz response. Less than 0.25%
distortion at full output. Dircct coupled outputs protected by dissipation-
limiting circuitry. Massive power supply. Four individually heat sinked output
transistors. Lincar motion bass, treble, balances and volume controls. Push-
button selected inputs. Outputs for 2 scparate sterco speaker systems. Center
speaker capability, Stereo headphone jack. Assembled, aligned FET FM
tuner has 1.8 uV sensitivity. Two tuning meters. Computer designed 9-pole
L-C filter plus 3 IC’s in IF gives ideally shaped bandpass with greater than
70 dB sclectivity and eliminates alignment. IC multiplex section. Three FET's
in AM tuner. AM rod antenna swivels for best pickup. Kit Exclusive: Modular
Plug-In Circuit Boards ... casy to build & service. Kit Exclusive: Built-In
Test Circuitry lets you assemble, test and service your AR-29 without external
test equipment. The AR-29 will please cven the most discriminating stereo
listener.

Kit AR-29, (less cabinet), 33 Ibs........ Ceree. et e, $285.00*

AE-19, Assembled oiled pecan cabinet, 10 {bS.v.evvvnn.n.. 00600000 $19.95*

New Heathkit 60-Watt AM /FM /FM Stereo Receiver

The AR-19 circuitry reflects many of the advanced concepts of the AR-29.
It uses 108 transistors and 45 diodes including those in 5 integrated circuits.
It delivers 60 watts music power at 8 ohms. At any power level, Harmonic
and IM Distortion is less thun 0.257%. Frequency response ranges from 6 to
35,000 Hz. Dircct coupled outputs are protected by dissipation-limiting ¢ir-
cuitry. A massive power supply includes a section of clectronically regulated
power. The assembled, aligned FET FM tuner has 2.0 uV sensitivity.

A preassembled and factory aligned FM IF circuit board gives 35 dB selec-
tivity. The multiplex IC circuit provides inherent SCA rejection. It features
two switched noise muting circuits; lincar motion controls for bass, treble,
volume and balance; input level controls; outputs for 2 separate stereo speaker
systems: center speaker capability; two tuning meters; sterco indicator light:
front pancl stereo headphone jack. The Modular Plug-in Circuit Board design
speeds assembly. Built-in Test Circuitry aids assembly, simplifies servicing.
“Black Magic” panel lighting, black lower panel, chrome accents. Compare it
with any model in its price range . . . the AR-19 wili prove itsclf the better buy.
Kit AR-19, (less cabinet), 29 1Ds.......civiiiii e $225.00*
Assembled AE-19, cabinet, 10 Ibs..... et ee et e ettt e $19.95*

New Heathkit Deluxe 18-Watt Solid-State Stereo Phono

Looks and sounds like it should cost much more. Here's why: 16-transistor,
8-diode circuit delivers 9 watts music power per channel to cach 4%” high-
compliance speaker. Speaker cabinets swing out or lift off ... can be placed
up to 10’ apart for better sterco. Has Maestro’s best automatic, 4-speed
changer — 16, 33-1/3, 45 & 78 rpm. It plays 6 records, shuts off automatically.
Ceramic sterco cartridge with diamond/sapphire stylus. Has volume, balance
& tone controls. Changer, cabinet & speaker enclosures come factory built
... you build just one circuit board ... one evening project. Wood cabinet
has yellow-gold & brown durable plastic coated covering. This is a portable
sterco you can take pride in.

Kit GD-109, 38 IDS. ettt it e cei et eaaena $74.95*

New Heathkit 80-10 Meter 2 KW Linear Amplifier

Incomparable performance and value. The new SB-220 has 2000 watts PEP
input on SSB & 1000 watts on CW and RTTY. Uscs a pair of Eimac 3-500Z’s.
Pretuned broad band pi input coils. Requires only 100 watts PEP drive. Solid-
state power supply operates from 120 or 240 VAC. Circuit breaker protected.
Safety interlocked cover. Zener diode regulated operating bias. Double shictded
for max. TVI protection. Quiet fan — fast, high volume air flow. Also includes
ALC to prevent over-driving. Two meters: one monitors plate current; the
other is switched for relative power, plate voltage and grid current. Styled to
match Heath SB scries. Assemibles in about 15 hours.

Kit SB-220, 55 1DS..ciiiiiiiiiiii ittt e $349.95%

New Heathkit Portable Fish-Spotter

Costs half as much as comparable performers. Probes to 200 {t. Spots
individual fish and schools . . . can also be used as depth sounder. Manual
explains typical dial readings. Transducer mounts anywhere on suction
cup bracket. Adjustable Sensitivity Control. Exclusive Heath Noise-Reject
Control stops motor ignition noise. Runs for 80 hrs. on two 6 VDC
lantern batteries (not included). Stop guessing — fish electronically.

Kit MI-29,9Ibs..ccveiiinnnnnnnnnn.. 0000000 GA000 006000006060 06003000 $84.95*%

www.americanradiohistorv.com

$7495*

Kit SB-220

349"

Kit MI-29

$8495*
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Here's How The Color TV That Thousands Call Best
Became Even Better and Lower In Price

New Lower-Than-Ever Prices
On All Models

Since the very first model was introduced, thousands of owners, electronic experts, and
testing labs have praised the superior color picture quality and extra features of Heathkit
ColorTV. Now Heath has made improvements that make the 1970 models even better.

o e SRS ~-«¢§ Sharper, More Detailed Pictures. Latest design im-

Jw DVANCED provement in the circuitry of Heathkit Color TV

video amplifiers has increased their bandpass capa-

i‘ RFOHMA”CE bilities. The result is an incicase in the number of

e ® % lines of resolution . . . greater than in any other brand

f;é of color TV we have tested. This improvement means

you get sharper, morc detailed pictures as shown by

) 2 : test pattern measurements. You not only get the su-

% D QN %: perior color pictures Heathkit Color TV has always
e been noted for, but you also get sharper pictures.

New Brighter Tube. Now all Heathkit Color TV models include the new brighter picture
tube you've read so much about. These new tubes produce noticeably brighter pictures
with more life-like, natural colors and better contrast. (We alse ofter the RCA Hi-Lite
Matrix tube as an extra-cost option for the Heath GR-681 and GR-295 kits.)

MNew Safety Features. As an added safety precaution, AC interlocks have been added
to all Heathkit Color TV cabinets.

Now The Best Costs Less. How can Heath make improvements in its Color TV Models
and still reduce the prices ? We have passed on to you the savings which have accrued
due to reduced picture tube prices. The result is your 1970 Heathkit Color TV will cost
vou 320 to $55 less depending upon which model you choose . . . proof that Heathkit
Color TV is a better buy than ever.

All Heathkit Color TV's Have These Superior Features

e New brighter American brand rectangular color tube with bonded-face. etched anti-
glare safety glass e Exclusive built-in self-servicing aids so you can adjust and maintain
the set for best performance always ¢ Automatic degaussing plus mobile degaussing
cail « New broader video bandwidth for better resolution e 3-stage video IF e Improved
retrace blanking ¢ Gated automatic gain control for steady pictures ¢ Automatic color
cantrol e Exclusive Magna-Shield surrounds picture tube for better color purity e
Deluxe VHF tuner with “memory’ fine tuning and precious metal contacts (models
with automatic fine tuning also are available in all 3 picture tube sizes) e 2-speed
UHF solid-state tuner ¢ Completely shielded hi-voltage supply ¢ Extra B+ boost for
better definition e 2 hi-fi sound outputs for built-in speaker or your hi-fi system e 300
ohm & 75 ohm antenna inputs e Circuit breaker protection e Optional wireless remote
cantrol can be added anytime e Factory assembled and adjusted tuners. IF section. and
hi-voltage supply e Exclusive 3-way installation capability — in a wall, custom cabinet
or Heath cabinets

Choose Your Heathkit Color TV Now...
it's Better Than Ever in Performance ...and A Better Buy Than Ever

NEW

e e

HEATH COMPANY, Dept. 15-4
Benton Harbor, Michigan 49022

O Enclosed is §

Heathkit GR-681
(295''-AFT)
save $30

Now only $46995*

Heathkit GR-681MX
(with Matrix tube)
save $55

Now only $47995*
Heathkit GR-295
(295")
save $30

Now only $41995 *

Heathkit GR-295MX
{with Matrix tube)
save $55

Now only $42995*
cabinets from $65°
Heathkit GR-581
(227 -AFT)
save $20
Now only $39995*
Heathkit GR-227
(2277)
save $20
Now only $35995 ¥
cabinets from $39.95 "
Heathkit GR-481

(180" -AFT)
save $30

Now only $32995‘*

Heathkit GR-180
(180°")
save $30

Now only $2995n *

cabinets from $27.50°

A

FREE 1970 CATALOG!

Now with more kits, more color. Flease send model

plus shipping

Fully describes these along with
over 300 kits for stereo/hi-fi.

(s)
[0 Flease send FREE Heathkit Catalog.

[0 Please send Credit Application.

tar araplifiers, amateur radio,
marine, educational, CB, home Address

& hobby. Mail coupon or write

T -

a Schiumberger company

City State Zip
*Mail order prices; F.0.B. factory. Prices & specifications sub;ect to change without notice. CL-377

CIRCLE NG, 137 ON READER SERVICE CARD
April, 1970 91

Heath Company, Benton Harbor,
Michigan 49022.
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thermocouple wire, ultra-miniature  thermo-
couples, connectors, panel boards, ceramic insu-
lators, cold-junction compensators, ice-point ref-
erence chambers, portable pyrometers, and many
thermocouple-related items.

SWITCH CATALOGUE

An 8-page catalogue covering a line of snap-
actien, ro ker-actuated, paddle, toggle, and push-
button switches has been issued by McGill Manu-
factur'ng Company, Inc., Valparaiso, Indiana
4635>.

Bulletin MC-90 contains data on several new
switch serics, including lighted miniature rocker
switches, three-pole and four-pole toggle and
rocker switches, and a sealed splash-proof switch.

The line includes miniature standard size snap-
action, rocker, and paddle switches. Most types
are available in a variety of ratings, circuitry, ac-
tuator styles, colors, and mounting arrangements.

STOCK PLASTIC BOXES

The 1970-71 Bradley Industries catalogue of
stock plastic boxes, listing more than 300 standard
sizes in 16 different styles, is now available for
distribution.

The 36-page illustrated brochure provides com-
plete information on stock rigid polystyrene boxes
in square and rectangular hinged and non-hinged
boxes, the “Heritage Linc,” round (non-hinged),
compartmented, slide top, pegboard, specialty,
and stock drawers and trays—also stock vials and
stock semi-rigid containers. Style is illustrated for
cach, with individual dimensions and prices per
thousand.

For a copy of the brochure, write on your let-
terhead to Dept. SB of the company at 353 Main
Avenue, Norwalk, Conn. 06852.

SOLID-STATE A.C. RELAYS

A ncw brochure summarizing the specifications
of TO-5 and solid-state a.c. relays is now avail-
able from Teledyne Relays, 3155 W. El Segundo
Blvd., Hawthorne, Calif. 90250.

The six-page publication presents specifications
and drawings for each line of relays produced by
the company, including basic and hybrid military
TO-5’, industrial TO-5's, and industrial solid-
state relays. One page in the brochure describes
five lines of military hybrid TO-5%, which may
be ordered with transistor drives and/or opera-
tional amplifiers inside the TO-S case.

H. V. RECTIFIER COLUMNS

A 24-page illustrated engincering bulletin
(B-107) describing a linc of high-voltage rectificr
columns has becn issued by the Semiconductor
Division of International Rectifier, 233 Kansas
Street, El Segundo, California 90245.

The columns are designed to meet the demand
for high-voltage and high-power rectifiers uscd
in power supplics and for other blocking and
steering diode applications. They are available in
14 basic scries with pcak-reversc voltages up to
300,000 volts. Continuous current ratings range
from 1 to over 220 amps.

FLUIDIC CONTROL MODULES

The Fluidic Products Dcpartment of Corning
Glass Works, Corning, N. Y. 14830 has just pub-
lished a 28-pagc illustrated booklet (EDP-FBR-2)
describing its complete family of fluidic industrial
control modules (FICM) and associated mounting
manifolds.

A two-page introduction to fluidics and a two-
page explanation of basic fluidic technology is
followed by five pages of FICM component de-
scriptions. A fold-out chart gives symbols and
truth tables for the various clements and their
corresponding symbols in other technologics.

PLASTIC BONDING ADHESIVES

A new 4-page, 2-color illustrated cataloguc
(Z-PB) describing a new line of six “Scotch-Grip”
plastic bonding adhesives that offer a wide varicty
of properties to meet many plastic bonding appli-
cations is now available from the Adhesives,
Coatings and Scalers Division, 3M Company, St.
Paul, Minn. 55101.
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A guide lists the six plastic bonding adhesives
and 17 types of plastics, and designates the proper
adhesive for each plastic bonding application, A
physical properties and applications data chart
describes the outstanding features, application
methods, solvent, color solids content, consistency,
coverage, and bonding range for each adhesive.

CONVERTER TABLES

Commercial Plastics & Supply Corp., 2001 W.
Clearhield St,, Philadelphia, Pa. 19132 is now of-
fering its *Square Foot Converter Tables™ in com-
bination with a “Dial-a-Decimal™ circular two-
way table with recadout of decimal and metric
equivalents of fractions, or vice versa. Both can
fit into a shirt pocket.

The converter applies to plastic sheets up to 96
in by 120 in as well as to aluminum, copper, steel,
or other metallic sheets. This pocket-sized com-
bination kit further aids precise cutting or shear-
ing and quickly determines measurcments.

RESISTOR HANDBOOK

RCL Electronics, Inc., 700 South 21st St., Irv-
ington, New Jersey 07111 now has available its
new 1970 “Handbook on Precision and Power
Wire Wound Resistors.”

Included are new developments in the resistor
field as well as updated technical information on
over 35 series of wirewound resistors.

LIGHTED PUSH-BUTTONS

The Specialty Switch Division of Arrow-Hart,
Inc., 103 Hawthornc Street, Hartford, Conn.
06106 has published a 12-page catalogue section
describing its new line of lighted push-button
switches.

Called “Adapt-a-Switch,” the new linc was
designed with a building-block concept to enable
the user to build more than 25,000 switching
variations from 31 stock components.

The cataloguc section contains rating and cir-
cuit data on the ncw switches along with detailed
information on components, applications, operat-
ing characteristics, optional features, and order-
ing information.

ARTWORK FOR PC BOARDS
The 1970 cdition of the combined technical
manual and catalogue 104A has been released by
Bishop Graphics, Inc., 7300 Radford Ave., North
Hollywood, Calif. 91605.

Describing morc than 15,000 pressurc-sensitive
clectronic-component drafting aids, techniques,
and systems, the 68-page manual illustrates new
ways to save time and money in preparing master
artwork for printed wiring boards.

New products include the preparation of nega-
tives for prototype boards without photography
by using the “B neg™ negative drafting system
developed by the company.

Answer to
ELECTRONIC CROSSWORDS
Appearing on page 65

PHOTO CREDITS

Page Credit
13 .o, Mcintosh Laboratory, Inc.
14 ............ Tandberg of America, inc.
32, 33 .... Federal Aviation Administration
49 .. Erie Technological Products
4 Electro-Motive Mfg. Co.
59 i Jennings ITT
T4 o Melsey Corporation
75 it General Radio Company

76 .. Eico Eiectronic instruments Co., inc.

darkest portion of video.

tion or power.

rier).

9. (d)

Answers to C.E.T. Test, Section #2

Published in Last Month’s Issue:

Blanking is considered black; sync is considered ‘'blacker-than-
black’ as the picture tube is cut off by sync more than by the

2. (d) The sound normally comes from a separate transmitter. Ampli-
tude is fixed and not related to the video waveform. Frequency
of the audio varies with modulation.

The ‘““hammerhead” is used to cause the integrator to charge in
the same manner on both even and odd fields.

4. (d) Sync tips are the moments of maximum transmitter power or
maximum modulation. White areas are periods of least modula-

Significant i. f. frequencies are 41.25 MHz (sound carrier); 42.17
MHz (color subcarrier); 45.75 MHz (picture carrier); 47.25 MHz
(adjacent sound carrier); and 39.75 MHz (adjacent picture car-

The 4.5-MHz sound i. f. frequency is derived by beating the
sound carrier against the video carrier in the video-detector cir-
cuit. Ahead of this point, the sound is at 41.25 MHz.

The 8 cycles of burst are located on the ‘‘back porch.””

The vertical scanning frequency is 60 Hz while the horizontal
scanning frequency is 26214, times this, or 15,750 Hz.

Modern FM receivers use 10.7-MHz i. f. carriers.

10. (b) The equalizing pulses during vertical blanking control the pre-
cise timing of the vertical oscillator, and interiace.
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ELECTRONICS

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 85¢ per word (including name and address). Minimum order

$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for

12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. All copy subject to publisher's approval.

Closing Date: 1st of the

2nd month preceding cover date (for example, March issue closes January 1lst). Send order and remittance to: Hal Cymes, ELECTRONICS WORLD,

One Park Avenue, New York, New Yark 10016.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books. invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 4040
North Nashville Avenue, Chicago, 1Il. 60634.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

METERS Surplus, new, used, panel or portabl_e.
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 wholesale new products catalog.
$1.00 refundable. Deecow, 10639 Riverside,
North Hollywood, Calif. 91602.

GOV’'T SURPLUS SPECIALS!
SEND 25¢ FOR OUR 68 PAGE ILLUSTRATED
CATALOG, OR FREE WITH ANY ORDER.

S8 INSTANT

LOGIC!

cBDIP CB10T05
These boards are the most useful items we have
ever offered for breadboarding with low cost inte-
grated circuits. The cards are made from 1/16" G
10 Glass Epoxy, and are available in five styles as
shown above. Part number CBDIP has a pattern
for 9 dual-in-line (DIP) integrated circuits. Part
number CBFP mounts six flat packs. Part number
CB10T05 mounts 16TO510 pin integrated circuits.
part number CB8TO5 mounts nine eight pin
TO-5"S, and part number CBFDC has a pattern
suitable for transistors and other discrete com-
ponents. Discrete Transistors and combonents can
be mounted in the locations between the I.C.'s.
and power supply leads are already routed around
the board. Our competitors charge $9.50 each for
circuit card and mating connector.
We glve you a surplus, unused p.c. board with
components on it (that you can keep for your
junk box}, a connector and its mate. and our great
circuit card. You drill cut the desired hole pattern,
unsolder the connector from the surplus card and
install it on the new card. wire in the I.C.'s and
compute. A few minutes of yvour time. and you -
save over 80% of the cost of comparable P.C.
cards. Get enough for your breadboarding needs
now because these are going to go fast.
PRICES
(Part Number)}—2
2 Boards and Mating Connectors ........ $3.50 Postpaid
(Part Number)—10
10 Boards and Mating Connectors...$15.00 Postpaid
{Part Number)—100
100 Boards and Mating Connectors $125.00 Postpaid

BF Enterprises

P.O. BOX 44, HATHORNE, MASS. 01937
Phone 1-617-532-2323

CBFDC
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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-104, 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 cataiog of new
models. Write Jetco, Box 132-EW, Huntsville,
Texas 77340.

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.

ELECTRON—IE i_gnition, various types. Free litera- \
ture. Anderson Engineering, Epsom, N.H. 03239,

REPAIR TELEVISION TUNERS. FREE TRICKS.
| Plans, Details, Complete Courses: Frank Bocek,
Box 3236 (Enterprise), Redding, Calif. 96001.

FREE CATALOG surplus bargains: fans, Bodine
reduction motors, switches, relays, steppers, |
PC Boards, Many others. IEM Inc., Box 4280,’
Irvine, California 92664.

CONSTRUCTION PLANS: LASER . . . $2.00. Sur-
veillance Devices—two F.M. Bugging Transmit-
ters . . . $1.00. Tail Transmitter . . . $1.00.
Telephone Transmitter . . . $1.00. Infinity Trans-
mitter . . . $2.00. Equipment and kits available.
Howard, 20174 Ward, Detroit, Michigan 48235. |

NEW SEMICONDUCTOR LIGHT EMITTING Di-
ODES. Bright red lights replace light bulbs.
Typical life 100 years. Operate at 1.65 volts, 50
milliamps. Order 2 for $2.98 NOW. Data sheet |
and instructions included. Monsanto Company,
Hobby Section, 10131 Bubb Road, Cupertino,
California 95014.

HOBBYISTS, experimenters; black and white !
television converted to color by means of a new
patented color converter adaptor circuit. Instal-
lation all do it yourself. Write for free brochure.
Bele Electronics Corp., 111 N.E. Second Ave.,
Miami, Florida 33132.

| BURGLAR ALARM SYSTEMS and accessories.|
| Controls, bells, sirens, hardware, etc. OMNI
GUARD radar intruder detection system, kit
form or assembled. Write for free catalog. Mi- |
crotech Associates, Inc.,, Box 10147, St. Peters-
burg, Florida 33733.

STROBES, color organs, the incredible Strobit. |
NEW! Heavy-Duty CD ignition. ELECTRIC CAN- |
DLES for flameless candle-light. REMOTE (WIRE-
LESS) SWITCH for anti-prowler system. TOUCH
SWITCH for space-age lamps, lights. ASSEM-
| BLED and KITS. Send 25¢, specify interest.
| Teletronics, Box 1266A, South Lake Tahoe,
Calif 95705.
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PLANS AND KITS

BUILD color organs, computers, stereos, alarms,

slide-synchronizers. Catalog. Workshop, 33E
Cain, Plainview, New York 11803.
AUTOMOBILE HEADLIGHT ALARM. Pleasant

tone reminds you to turn off lights when igni-
tion is turned off. Complete plans, parts list
and instructions $3.00. PG Electronics, Box
4981, El Paso, Texas 79914.

ELECTRONICS ENGINEERING
AND INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. 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 Schooi of Engineering, 1505 N.
Western Ave., Hollywood. California 30027.

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.

BC-645 TRAN‘SSCEIVER

tubes.

4835 to 500 Mc. Easily adapled for

2 way voice or code on Ham. Mobile.

Television Experimemial and Citi-

zens’ Bands. With tubes, A

supply in factory carton.

Brand new ... ......
SPECIAL PACKAGE OFFER:
Transceiver. Dynamotor and all ac-

cessories. Including mountings., UHF Antenna As-
semnblies. control hox. complete set of con.
nectors, plugs, BRAND NEW

AN/ART-13

TRANSMITTER makes fine Ham trans.
mitter for 80, 40

. 20 and 10 meters, 'ower output

. CW, MCW. 10 presel channels.

tubes. crystai.. exe. Used, s 9
Low-Frequency Oscillat s7 95
200-1500 he. Exc. Used *
APN-1 TRANSMITTER-RECEIVER FM 400-150
Mc. Exc. Used, with all tubeg. dynamotor & ssgs
WODBURALOr . . o . v i e s -
R-4/ARR-2 RECEIVER 234.258 Mc.. Tunahle, com-

tete with 11 tubes. Excellent Used . ........ o
gR;\ND NEW, including dynamotor . ......... $9.95
SCR-274-N, ARC-5 COMMAND SET HQ!

Fred. Exc. Like BRAND
Range Type Used New NEW
RECEIVERS, Complete with Tubes
190-550 Kc...BC-453 ..$16.95 .. $23.30 , .$27.50
3.6 Mc.......BC-454 ..$16.50 ..%$19.50 . .$22.50
6-9.1 Mc.....BC-455 ..$14.95 . .$17.95 . .$21.50
1.5-3 MC.....R-25 . ... -_— -.%$19,%0 . .$21.50
TRANSMITTERS, Compnilete with Tubes
4.5.3 Mc.....BC-457 ..$ 6.95 .. 3 8,95  .$11.95
5. .BC-458 . .$ 6,95 ..$ 8.95 . . $12.95
7 $17.95 . $19.50 . .$23.50
2. -— ..%$ 9.95 . . $11.95
3 . ..%$12,50 . .%$16.95

R-11 COMMAND RECEIVER ARC 1980-530 Kc.s gs
Commercial Jate model, Excellent Condltion. . ]2

AN/APR-4Y FM & AM RECEIVER

“FB” FOR SATELLITE TRACKING!
High precision lab 1nstrument, for monitoring and
measuring frequency and reiative signal strength., 38
to 4000 Mc, in 5 tuning ranges. For 0 V 60 cycle
AC. Bullt-in power supply. Original circuit
diagram_tncluded. Checked out, perfect, .
LIME MEW oot ivbam rotmefuanss®don

All Tunlng Units Avaliable for Above

600-OHM b_lEADS‘ET. permoflux units. chamois s3 49
cushion. with cord & telephone plug. NEW .. q

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 coPpy—Re-
funded with First Order!

« 259% Deposit with order. balance C.0.D.
-—OR—Remitiance in _Full. Minimum

$3.00. F.0.B. NYC. Subject to

prior sale and price chanfe.

G&G RADIO ELECTRONICS COMPANY
Tel.: (212) CO-7 4605
45 Warren St., 2nd Floor, New York, N.Y. 10007

23
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INTEGRATED CIRCUITS f RECTIFIERS

SEMICONDUCTORS S TRIACS

TRIACS

PRV 10A
100 1.20
200 1.75
300 2.25
400 2.75
500 3.25

ER900 TRIGGER DIODES. These
bidirectional trigger diodes are
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 $1.0

ZENERS 1 watt $ .40
10 Watt 7-180V $.75
MOUNTING

HARDWARE KITS.

[T] N-CHANNEL FET’S T0-18 ptastic
| units. Yow nolse, low leakage, 25 volts
| source to gate, 50 ma gate current

Gain to 9000 umho's.

NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, TO.18, SI

Transistor. With a VCBO of 120

3/%$1.00

NEW TTL IC SERIES

DECADE DIVIDER ... 5.95
RF 112 Dual JK Flip Flop ....$2.50
MC 415 JK Flip Flop $1.50
McngB Duat 4 input NAND/

4 Bit Storage Register .$3.50

MC 403 Exclusive or with
Comp. $1.50

MC 2057 Dual 4 input AND/
OR

$1.50
Silicon Power Rectifiers
PRV 3a 12A | 30A
_100 .09 .30 .50
_200 .16 .50 .80
_400 20 .70 | 1.20
600 .30 1.00 | 1.50
800 .40 | 1.25 | 1.80 |
1000 .58 1.50 | 2.20 |

| Terms: FOB Cambridge. Mass.

These kits are used to mount our |

SCR's Zeners and Rectifiers etc.
6x32 stud (3, 12 amp rectifiers,
7R SCR's) 6 sets/$1.00

14x28 stud (30 amp. rectifiers,
20 amps SCR's.) 4 seots/$1.00

OLID

Post Office Box 74B

Send check or Money Order. Include
Postage. Average Wt. per package

% tb. No C.0.D.'s. Minimum Order
.00 |

WE LEAD THE WAY

| IN SERVICE AND QUALITY!

Rated companies 30 days net

Send for our latest catalog featuring Transistors and Rectifiers; 325 Eim St., Cambridge, Mass.

TATE

Somerville, Mass. 02143

CIRCLE NO. 116 ON READER SERVICE CARD

RECTIFIERS & TRANSISTORS '

Silicon Rectifiers

1A® | —|.03/ .04 .06, .08] .10|
184°*1.09'.15 .19/ .29/ .39 -
20A |.15/.200 .25/ .39! .50/ .75

PIV | 25| 50/ 100 200| 400 600, 800(100011200

40A |.25|.35/ .60( .90/1.20 1.50/1.80/2.10| 2.40

14| .17] .22

.90/1.15/1.40

¢Tophat. FlanZeless. ¢ePressfit, 3, 20, 40 Studs
Silicon Controlled Rectifiers

1500 PIV [ PRV | 25 50 1100 |200 | 400 | 600
RECT. | 18° | = —| — .30 .55 .85
STUD | 7A |.111.14].20] .45 .90 (1.20
1 AMP [18A%*] .15 23] .35 .60 1.10/1.40
25¢ EA. | _20A (.18 .32 (.45 .70 [1.15 [1.95

sTophat ¢ePressfit. 7

Germanium Power Transistors

150W-T0-3-7A
2N456A—-40V—.25

2N 458A— 80V—.45

& 20 Amp Stud We pa

80 |

! FIBRE OPTICS

1732 2.5 mil, fibers in
PVC packet $ .33/t

COMPLETE LIGHT
GUIDE BUNDLE

consisting of an 11 length of
1732 dia. fiber optics with
bound ends $2.00 ea.

10,000 PRV 50 MA RECTIFIERS

l $2.00 EA
LINEAR CIRCUITS

CA 3011 FM IF

| AMPLIFIER $ .90
709C OPERATIONAL AMPL.. $1.45
710C HI SPEED DIFF. AMP.. .$1.45
711C DUAL COMPARATOR. $1.45

Controlied Avalanche or
Epoxy Rectifiers 1 AMP.

- PRV
100 .07
| |1 200 | .09 I
400 | .12
600__| .18 ]
800 | .22 ml
e 1000 | .35
Silicon Control Rectifiers
| PRV | 3A | 7A& | 204 | 70a
sof .35| .45| .70 ]
100 | .50 | .65 1.00 | 4.00
| 200 .70 .95 1.30| 8.00
| 300 | .%0 ) 1.25|1.70
400 | 1.20 | 1.60 | 2.10 | 12.00
S00 | 1.50 | 2.00 | 2.50
600 | 1.80 | 2.40 | 3.00 | 16.00

Tel. (617) 547-4005

~ LIBERTY PAYS MORE! ~
WILL BUY FOR CASH

ALL TYPES:

* ELECTRON TUBES
* SEMICONDUCTORS
* TEST EQUIPMENT

* Military Electronic Equipment
WIRE—WRITE—PHONE COLLECT!

y freight on all purchases—

LIBERTY OFFERS MORE!

2N457A—-60V—.35

2N1021A—-100V-.60

2N1038-40V—-8/$1.00—20W T0.5.3A
Silicon Power Transistors

2N 389A 85w,
2N 424A 85W,
2N 497 4w,
2N 498 4w,

Silicon

60V—.55 2N1047A 40W. B80V-—.40
80V—.65 2N1718 10w 60V-.15
60V—.10 2N1724 50W 80V—.65

100v—.12 2N2151 30w 80V—.25

Small Signal NPN, TO-5

2N696 7/81.00, 2N697 6/31.00, 2N699 5/$1.00

3N34 Tetrode—60¢;
2N1142 Ger. Hi-l

Beads, 5000 oh
27,47, 0r100 pf,

IN34A  Diodes 100/$2.98;
Freq. Amplifier 3/$1.00; Thermistor
m or 1200 ohm—3/$l 00; Varicaps—
4¥—$1.25¢a.; P.C. Board 828" Vs~

1 oz Copper—2/98¢; Photo Cells, Herm_ Glass, 5

Ditf. for $1.00;

$1.00; R.F. Coll Assort. 25/81 00,

$1. 00, Epoxy D

2N1300 Series, TO-5 Assorted— 25/
1.C. T0-5-15/
iodes, 200 MA, 3000 Piv 49¢, 6000

98¢, 10 Watt Zeners 7 Volt Thru 185 volt 49¢, P.C.
Connector 15 Contact 2/$1.10.

Precision resistors film
Precision resistors wirewound .

Ferric Chloride

Relays 6 different types

Terminal lugs,

Tie lugs, assorted
Push button switches, on-off, panel

Pots, 2-4 watt,

ASSORTMENTS
.50/$1.00
40/%1.00
Etchant, 16 oz. bottle 98
5/81 00
assorted .200/%1.00
50/81.00
6/$1.00
different 10/81.00

Free $1.00 pack with $10.00 order; min, order $3.00;

send sufficient

postage, overage refunded; fully

guaranteed; free catalog. 25% down on COD's.

GENERAL SALES coO.

254 Main

(713) 265-2369

Clute, Tex. 77531

PRESTEL FIELD STRENGTH

METER
(Model §T4G

Only

512000

F5Q)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 414 volt baltery economically powered unit.

LIBERTY ELECTRONICS, Inc.

548 Broadway, New York, New York 10012
Phone (212) 925-6000

94
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FCC First Class License in six weeks—approved
for Veterans Training Schools in Dallas, Atlanta,
Chicago, New Orleans, Minneapolis and Hous-
ton. Write Elkins Institute, 2603C inwood Road,
Dallas, Texas 75235.

| R.EE.l.’s tamous (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 School of
Electronics. 1505 N. Western Ave., Hollywood,
Caiif. 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.

ELECTRONICS Home Study Course by pro-
grammed tape—(Lecture-Tape) developed by in-
structor who trained Apollo satellite tracking
equipment technicians. Brochure on request.
Write: Findlay Technical College, 1041 N. Main,
Findlay, Ohio 45840.

MATHEMATICS. ELECTRONICS. Satisfaction

guaranteed. Free Brochure. Indiana Home
Study, Dept. EW, 1189, Panama City, Florida
32401.

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,

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. Jetferson Blvd.,
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.O. Box 13119w,
Pittsburgh, Pa. 15243.

TAPES . blank recording . . .
music. Catalog 10¢. Tower, Lafayette Hill,
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.

pre-recorded
Pa.

ELECTRONICS WORLD
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OLD Radio Programs on tape. 6 hours for $8.00.
Catalog 50¢. Don Maris, 824 Owl, Norman,
Okla. 73069.

WANTED

QUICKSILVER, Platinum, Silver,
alyzed. Free Circular.
wood, Mass. OZOSZ.

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).

Gold. Ores An-
Mercury Terminal, Nor-

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.

OLDIES—45 RPM—original hits. Over 4000 avail-
able. Catalog 25¢. C & S Record Sales, Box 197,
Wampsville, N.Y. 13163.

1000's OF UNUSUAL SCIENTIFIC BARGAINS W

GET YOUR OWN 4’7" SLAVE

Iteally spectacular 4-channel
¢Olor onran transiates every
note, beat and vibration of
sound into dazzling. throb-
bing. criss-cross patterns of
vibrant  color. Individual

gain controls—supersensi-

tive master adiustable to

nick up faintest music with

pright response. Easily at-

tiched L() ln\n]l!li‘r stereo.

Onw 600 eacly

4 4 4 i Ta ter md identicat

ave' unit listed below.

Idea) for Bands, I)Nn\hemun ligght  shaws, Uses reg.

house current. 35”H x 19”W x 8”D light column.

No. 85, 1BBAK ({57 Ib. Shpg. Wt.) $249.50 F.0.B
““SLAVE’" UNIT— (Works OnIY In Tandem W/Mast(‘r)

No. 85,189AK (57 ib. Shpg. Wt.) . . . $149.50 F.0.8B.

50-150-300 POWER MICROSCOPE

Amazing value— chxumut-
) ic ohivclive le e-
volving  turret! Imnulledl
The eolor-c« cted. cement
ed achro! obiective
lenses wive you far superior
results compared to the sin

le lenses found in  most
microxcopes selling in this
price we. exults are
worth the difference! Fine

pack-and pinion facusin:
No. 70,008AK $19.50 ppd.

B
&

HIGH FIDELITY

FREE! Send for money saving stereo catalog
#E4AW and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values, Inc., 200 West
20th Street, N.Y., N.Y. 10011,

HI-Fl Com Components, Tape Recorders at guaran-
teed “‘We Will Not Be Undersold’ prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (L) East 149th Street, New York 10451.
HI-FI components, tape recorders, sleep fearning
equipment, tapes. Unusual Values. Free cata-
fog. 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: Call components and
corders. Hi-Fi, Roslyn, Penn. 19001.

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.

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.

SAVE over 335 on a pair of one of the worid's
best speaker systems shipped direct to you
from factory. Try them in your home for thirty
days. Wrile KGLL inc., Water St., Lewiston,
Mame 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; Holland,
Mich.; Albuquerque, N. M.; Logan, Utah; Daly
City, Chico, Calif.; Dedham, Brookline, Mass.;
Columbus, Ohio; Dixon, lllinois; Helena, Mont.;
Kensington, Md. ALSO: Tokyo, Hong Kong,
Noumea, Johannesburg, Basle, Taipei, Manila,
write HARTLEY, Box 68W, Ho-Ho-Kus, N. J.
07423.

DIAMOND NEEDLES AND STEREO CARTRIDGES
at low, low prices for Shure, Pickering, Stanton,
Empire, Grado and ADC. Send for free catalog
and price sheet. We will be happy to quote on
any cartridge—Magnetic, Ceramic or Crystal.
All merchandise brand new and shipped PRE-
PAID. LYLE CARTRIDGES, Dept. E, 265 East 149
Street, Bronx, New York 10451.

STEREO COMPONENTS at low discount prices.
Send for our low quotes today and our cartridge
trade-in specials (Shure, ADC, Pickering, Em-
pire, etc.). Send $1.00 for our discount catalog.
DEFA ELECTRONICS, 2207 Broadway, New York,
N.Y. 10024.

re-

April, 1970

LONG- WAVE BLACK LIGHT FIXTURE
versitile.  com-

long wave
mzsnoms)

Ixtremely
pactly designed.

bacteria- s
Naws, oil and gas leakage—
: nerfect for displays with
: fluorescent paper. lmlmt
% ¢halk. eravor trice
der. Inel. adjustable sluminumn reflector. push- yulll ﬂ\vn((h
(‘oxnl(-(llnl: plug. Mount vert.. horr.. or on corner. 10
L.. 11" L1 L
tock No. 70.3 AR . . pcds sy .$12.50 Ppd.
REPLACEMENT BULB
Stock No. 60.124AK . . ...........-..... $4.50 Pnd

ROTATING MULTI-COLORED LIGHT

Dazzling c¢olors stream end-
lessiy from constantly ro-
tating light, Facetted. trans-
rent globe has louvered
n inside with red, green,
I) ue & yellow stars. Bulb
heat rotates drum which pro-
jects ﬂmkmm;{ star points
on walls

i individunal
ets present constantly chang.

ing array of brilliant colors.
0347 star—approx. l 27 high
bell-shaned bas Sur-

;,mmvn light. Easily placed on table. TV, fitepiice. or

{mas tree top.
StOck No. 71.000AK

QUE DHHSIELC LISHTING

AMAZING “TRICK” PHOTOGRAPHY KIT

any aunateur can pro-
all  kinds  of weird,
. way-oul nhoto eftects.
& special knowledges, or
eumynmnl required. Uniaue
kit “enables you to  turn
tnen.ie into monsters.
ate

Now

$10.50 Ppd.

3” ASTRONOMICAL TELESCOPE

:hutc urb(ts—
of Venus.
up 60 to 180
wininized anil over-
diameter f/1
ary miprror.  ventilated
“duatorial mount wit
locks on both axes. Equlp-
ped with 60x evepiece und
mounted Barlow lens  3x
linder 1elescone. hardwood
RE

See muun

529 95 Ppd.
$94.50 FOB
............. $239.50 FoB

LEC
stuck No. 55 086AK

ASTRONOMICAL TELESCOPE KITS

Grind vour own mirror for
nowerfu! telescopes. Kits
contain fine annealed hbyrex
mirror hlank, tool, ahrasives,

diagonal mirror Ve
piece lenses. Instruments
vou huild range in value from

75,10 hundreds of doliars.
T1a” DIAMITER %4 " Thick
o -75 .

No. 70 3AK. .59 Ppd
6” DIAANETER-—1" Thick
No. 70. OO4AK 513 95 Ppd.

8” DIAN o 8
$21.00 Fpd.

.$34.25 FOB

The almost hypnotic spell of
ever changing firelight has
been capture n _a cool-
lizht display box! With the
liguid motions of a rising
and cascading fountain hiow.
ing in the wind, psychedelic
colors  anbear. intermingle
and vanish to rlse again in
new patterns and drift away.

his = eoothing  1ight show
housed in a hands<ome 11%2”

sduare by 77 deep, walnut
finished jumia light bhox is
an effeetive addition 10 any room-—your living room, hed-
room, rec-room, doctor’s oflice specially effective amoni

awall Modern

today!
Stock No. 71,180AK.

picture group. as  tomorrow—availibie

.LUMIJA LIGHT BOX. .$29.95 Ppd.

NICKEL CADMIUM BATTERY BARGAIN!

Territic value—slightly used
zOv'L Lightweight

5 cel v Amp-hour
battery with most unlim-
ted life. mely  high
current Recharges

utput.
in 1 hour with Edmund Kkit.
Won't deteriorate when left
dircharged. Minimum main-
tens: mco—fe“ drons of wa-
ter per ve ugsres) O

ull ration  r t
101 se. Delivered partially
ch:xri-retl. filled with elec-
trolyte. 31" x 27 x 67, 1b.
(BATTERY)

.$15.00 Ppd.
...... $8.00 Ppd.

Stock No. 70,942AK

CHARGER_KIT)
tock No. 70.807AK

PSYCHEDELIC LIGHTING HANDBOOK

100 information packed
pages! Fully explains larest
in psychedelic lighting equin-
ment. technigues, develob-
ments. Covers all facets of
nevehedelic light-show pro-
duction including strobes,
black lights. proicctor -
tals, organic slide
colpr organ
or ligrht box
te,  Show psy-
chedelize’ arties. musiecal
urouns, shows or ho“ ‘o set
ps |)n\’n(\] L'.ugmr;nu' 8le" 117
r)unched for 3 ring binder
K - .%$3.00 Ppd.

“telectrle trip: for

up
looseleal paper
Stock No. 9100Al

HI-VOLTAGE ELECTROSTATIC GENERATOR

an De Graf low-amp type,
olt umemnl yet

mpletely =wate. Demaon-
strates hl.{htnmz St. KImo’s
fire. repulsion. of charffes.

eleetrostatic dust collection.
many other elucnical won-
Motor 110V 60-
AC, Humidity xansu
. C urrent, 1.5 to
Ahnninum b
arge collecto
kahle plastic. Insulats
column. Ht. 177. dia.
- Full manuc(lons
S0 Ppd.

ing
63/,

VISIT OUR FACTORY RETAIL STORE!

5 Minutes Irom Jersey Turnbike L\xl =3. 15 Min. to
’hll either bridye, See 1.000 Un al Bargains

sive Store Sale Iu’ms FRER L|Eht Show FEvery Af-
Store Hrs.— :30. urday 8-1:30. Closed Sun.

Lxe i
loumon

SPECIAL VISUAL EFFECTS PROJECTOR SET

ing.  avante-garde
s

heautiful.
nner coin-

:—pm‘lmea
hort disiance.
diam. whecls
.\mmmmpo & uevmnu ope)
s (6”7 Colored Cloud & 5” Hexid
). Perfect for entertaining. parties,

ed walls
(‘munlero instructions.
AK $79.50 Ppd.

internal
photog-

Detect Individual coli
rings as deep as 127 bags
loole to 3’ metal
ifes to 6 feet! Best
sistorized. induc.

powered.
treasure  hunters, collec-
tors., explorers. heachcomb.

ers. las visual and audible
indicators. 1(||u<l able soil
conductivity on-ott
itch conirol. "Humhullod state circuitrv.
adi. 117 diam. loon. lnLlu(Ioc 9 Volt (Ia() hr.)
S(OCk NO 80.119AK . ................. $147.50 Ppd.

MAIL COUPON FOR GIANT FREE CATALOG

148 PAGES—1000’s OF BARGAINS
; new 1970 edltion. New ite
iliustrations. Dozens of electri-
| elceiromagneric parts. m'co:so’;ies
i e

u
A \\orkﬂvnn factory.” Mail co‘unon for
catalog *AK

EDMUND SCIENTIFIC CO.

300 EDSCORP BUILDING,

BARRINGTON. N.J. 08007

NAME

ADDRESS.

CITY

STATE ZIpr.

ORDER BY STOCK NUMBER * SEND CHECK OR MONEY ORDER * MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC C

300 EDSCORP BUILDING

s BARRINGTON, NEW JERSEY 08007
CIRCLE NO. 141 ON READER SERVICE CARD
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LATEST
ARCTURUS
SPECIALS

e Color focus rectifiers, 14,000 P.LV. at 1
MA, 99¢ each. 6.5 KV—79¢.

@ Color TV yokes 70° & 90° types. Fit almost
all sets: $10.95 each.

e 1700 Transistor types—39¢ each.

o DS-501, 2N278 power transistor types.
Cat. # 349, 69¢ each.

e HEP170, Motorola HV/Current epoxy sili-
con rectifiers, 2.5 amps at 1,000 PIV,
49¢ each.

o Fully transistorized UHF tuners. Fit most
sets. Cat. # UHFS67, $4.95 each.

o UHF tuners, 1 tube type. Fit most sets.
Cat. # UHF3, $3.95 each.
Complete listings of electronic items at similar

bargain prices are available. Write for our latest
catalog. Minimum order $5.00, plus postage.

ARCTURUS
ELECTRONICS

CORP.

§02-22nd St., Unien City, N.J. 07087 Dept. EW
Phone 201 - UN4 5568

PEP$

I Dollar Sale
EACH PACKAGE

MONEY BACK GUARANTEE

1 AMP
Silicon Rectifier
Choice of Package
Bullet-Glass-Min-Metal
O 20-50% [0 5-800V

ZENER—DIODES
250-400 MW
1 EA 4V-6V-8V.10V

O 4-1000V 1 WATT

0 17-100V
G 12°200v O 3-1200v 1 EA 4V-6V-8V-10V
g 1550y > 20 5e00v e
5.5 ; 12.908 8-
Oty O g-éoov gk B=n
1A .
E g«;bv B 1;288¥ 16 BRit Memory Cell—84.25
Dual In-line package
5 AMP
B0V Ty SILICON-CONTROLLED
0 6-200V 0 2-1000V RECTIFIER
0 5300V O 112007 TO-5 PACKAGE
0 5-50v 2.200V $1.00

12 AMP_STUD . “300v
) BT asTun D 4106V 2-300V $1.25
0350V O 11000V

7 AMP SCR
DA IAME. STUD, 450V 51,00 1-500V $1.00
O 3-100v o 3-100V 1.00  1-800V 1.50
2.200V 1.00

15 AMP STUD

221000V 100 GENERAL PURPOSE
60 AMP STUD GERMANIUM
(2-50V—§1.00 TRANSISTOR
(1-1000V-1.25 siMPfLAR 8 2N404
(66 AMP STUD 8 UNITS
FULL WAVE BRIDGES
PRV 2Amp 3Amp 5Amp 10Amp
50v | 125 | 135 | 150 | 1.70
100v | 1.50 | 1.60 175 | 1.95
200v | 175 | 1.85 200 | 220
400V | 2.00 | 2.10 | 225 | 245
600V 250 | 260 | 2.75 .| 2.95
gbov | 3.00 | 3.10 | 3.25 | 3.45

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

_CIRCLE NO. 145 ON READER SERVICE CARD

CIRCLE NO. 127 ON READER SERVICE CARD

| GOVERNMENT SURPLUS

| JEEPS Typically From $53.90 . . . Trucks From
$78.40 . . . Boats, Typewriters, Airplanes, Mutti-
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, EH40, Tennent,
N.J. 07763.

| PERSONALS

J o e e e e e e e e e e e e S e e e e et e e e —)
I {
| 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 2 4
| il
| 6 B 7 9 10 |
I |
| 11 12 14 15 |
I I
| 16 17 19 20 |
I I
| 21 22 23 24 25 |
I I
I 26 27 28 29 30 I
I 31 32 34 35 I
I @ .50 Reader Rate I
Words : =%
| @ .85 Commercial Rate :
I Insert time(s) Total Enclosed $ |
I I
| NAME |
| I
| ADDRESS |
I i
I ciTy STATE ZIP '
| |
| SIGNATURE |
l WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one I
| 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
l 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-4-70 I
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
Edscorp Bldg., Barrington, New Jersey 08007.

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-ZD,

Olympia, Washington 98501.

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. Illustrated 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. ,D-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. Instant results! Facts free.
Write: Forum (AA3), 333 North Michigan Ave-
nue, Chicago 60601.

MUSICAL INSTRUMENTS

|30% DISCOUNT any name brand musical in-
strument. Free catalog. Freeport Music, 127
| West Sunrise, Freeport, N.Y. 11520.

www americanradiohistorv com

INVENTIONS WANTED

PATENT Searches inciuding maximum speed,
full airmail report and closest patent copies,
$6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention
Protection forms and ‘‘Patent Information.”
write Dept. 23, Washington Patent Office Search
Bureau, 711 14th Street, N.W., Washington, D.C.
20005.

INVENTORS! Sell your invention for cash or
royalties! Our client manufacturers eagerly seek
new items. Patented. Unpatented. Financial as-
sistance if needed. 25 years proven perform-
ance. For free information, write Dept. 25, Gil-
bert Adams, Invention Broker, 80 Wall St.,, New
York, N.Y. 10005.

BOOKS

PUBLISH your book! Join our successful au-
thors: publicity advertising promotion, beauti-
ful books. All subjects invited. Send for free ap-
praisal and detailed booklet. Carlton Press,
Dept. ZDD, 84 Fifth Avenue, New York 10011.

ELECTRONICS WORLD
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MAGAZINES
BACK DATE MAGAZINES! Send needs. Midtown,
Box 917-EW, Maywood, N.J. 07607.

BUSINESS OPPORTUNITIES

FREE CATALOGS. Repalr air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolm 2016 Canton Dallas, Texas 75201.

| MADE $40, 000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 31§-N, Ypsilanti, Mich. 48197.

JAPANESE Electronics New Products Maonthly!
Specimen copy $1. deductible. Dee, 10639-W
Rlver5|de. North HOIIywood Calif. 91602.

FREE BOOK 999 Successful Little- Known Busi-
nesses.” Work home! Plymouth 445-A, Brook-
lyn, New York 11218.

MAKE BIG MONE7Y raising chinchillas, rabbits,
guinea pigs for us. Catalog—25¢. Keeney
Brothers. New Freedom Pa. 17349,

$20 000——$50 000 year. r. Ohio Bondmg School.
7101 Lake, Elyria, Ohioc 44035.

EMPLOYMENT OPPORTUNITIES

TWO-WAY RADIO TECHS for positions in the
U.S. Virgin Islands, 3 hours from New York in
the Caribbean Playground. Send resume to:
Etectronics Unlimited, P.O. Box 2326, St.
Thomas, U.S. Virgin Islands 00801.

RUBBER STAMPS

RUBBER ADDRESS STAMP $2.00. SIGNATURE
$3.50. FREE CATALOG. JACKSON, BOX 443.-G,
FRANKLIN PARK, ILL. 60131.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of
yeasts, equipment. Semplex, Box 122-76, Minne-
apolis, Minn. 55412.

Electronics World

SUBSCRIBER SERVICE

Please include an address label when writing about your
subscription to help us serve you promptly. Write to:
Electronics World, P.O. Box 1093, Flushing, N.Y. 11352

CHANGE OF ADDRESS: 7 _AFFIXLABEL—,
Please let us know you - 7
are moving at least
four to six weeks in I
advance. Affix maga-
zine address label in |
space to the right and
print new address be- |
low. If you have a
question about your I
subscription, attach |
I
I
I

_1

$$3Jppo
BwDu

address label to your
letter.

TO SUBSCRIBE:
Check boxes below.
] New [ Renewal
O 5 years $26
O 3 years $18
O 1year $7 I

SPECIFY:
O Payment enclosed— '
You get I extraissue bu mm et ™ N 0

per year as a BONUS! . f
. Add'l postage: $1 per year outside
O Bill me later. U.S.. its possessions & Canada.

\uld asoajd

8po>-diz

'343Y ssaippe Q10 Juid ‘Apuey |agey ou aAey nof §|

name please print 0327

EPOXY SI
TRANSISTORS

|5 for

Fairchild No. EACH Tc MORE
] 900 Buffer ..ooocvciiiiiiinn. ...1 for 1.49 2 for 1.50
3 910* Dual Two Input Gate 1 for 1.49 2 for 1.50
[ 914* Dual Two Input Gate . 1 for 1.29 2 for 1.30
1 915 Dual 3 Input Gate Nand/Nor 1 for 1.49 2 for 1.50
] 923 JK Flip Flop ... . e 1 for 1.49 2 for 1.50
] 925* Dual 2 Input Gate, Expander 1 for 1.49 2 for 1.50
[ 930 Dual 4 Input Gate Nand/Nor 1 for 1.49 2 for 1.50
[ 933 Dual Input Gate, Expander . 1 for 1.49 2 for 1.50
[ 944 Dual 4 Input Power Gate .. 1 for 1.49 2 for 1.50
[] 945 Clocked Flip Flop ... 1 for 1.69 2 for 1.70
] 946 Quad 2 Input Gate > dud/\n 1 for 1.49 2 for 1.50
[ 948 Clocked Flip Flnn - 1 for 1.98 2 for 1.99
] 953 2-2-3-Tnput and 2 for 1.69 4 for 1.70
[J RTL-908D* Full Adder .. .. for 2.98 2 for 2.99
[J RTL-912D* Half Adder . ...\ for 2.49 2 for 2.50
] RTL-913D* Shift Register .. 1 for 2.98 2 for 2.99
[ RTL-9400* JK Flip Flop . 1 for 1.98 2 for 1.99
] RTL-960D* Dual Buffer .. ...l for 1.98 2 for 1.99

* In TO-5 metal can package

$100,000 INTEGRATED CIRCUIT

Imagine —buy 1 Integrated

' Circuit at our bargain price
get the 2nd one for

m ONLY 1¢ . .. R

LICON INTEGRATED CIRCUIT
sy

AUDIO AMPLIFIER!

% B Tronsistors  y¢ Dime
% 6 Diodes Silxe £ 49

$1 )

709C 0P
AMPLIFIER]

CIRCLE NO. 125 ON READER SERVICE CAKD

ORILL

These

tors,
carpen

co
225 we

40 AMERICAN MAOE HIGH SPEED

professional quality. The same drills
used by big industry...metal fabrica-

pletely satisfied.
40 High Speed Dritts  onty $3.49
Save! 2 Sets (80 Drilts)  onty $6.49
13 pe. High Speed Set  only $1.49

(N.Y. Cily & State resiGents add sales tax) |

BITS WORTH AS MUCH AS 520
Yours for only $3.49
are % to %" high-speed drills—

machine shops and professional
ters. Your money back if not com-

a0d 35¢ posiage & handling

NSUMER’S BARGAIN CORP. Dept. EW-1
stchester Avenue. Port Chester N Y. 10573

Zip

Cooperate With The

of The Post Office
Department.
Use Zip Code

In All Addresses

Code Program

address

City

state zip-code

April, 1970
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BARGAINS IN SURPLUS ELECTRONIC EQUIPMENT,
OVERHAULED, CERTIFIED, AND SOLD
WITH MONEY-BACK GUARANTEE!

\\e are oo busy buying the things you need . | n
etting them wverhawed and Certined (uaceable 10
\lmmual Bureau of ».andards) ., Lo keep Lhangm;
these ads each montli. . . . s0 TELL US WHA T Yyou
NEED! Please du Lot ask for a generas catalog .
yesterday we (lldn +« have a Tek 5435 with a 1a1
nlurzm . . . loday we do . s0 whnat good is a
er; ('Illll)l.’," Mwe do kup A\I'l\lel Lisis up to uale
5 of equlnmun . ith scissors and |nstn.
HE >PECIFIC LISTS YOU NEED
and if )uu don L see the
OR WHAT
o~l|on/»\mplmus & At-
tinciudes pots, gaivos,
ions/Counters/Freq. Chang-
\‘legohmeltrs/Metu Calj-
al Voltmeiers & Digital-
ers, I)lgltll/\klers Phl
Waltmums v l\hl N/‘\vﬂL‘llo

type of mate
YOU NEED! LN(
tenuators/Audio

seumg
Anyle,
W

< generators/Radar & IFF Testers

hlnu line voltage/Semicond., Servo
/-1gx1'\l (,Lneralorx/rummz l-ork ()~u|.
lators, Watt RF, WE ALSO BUY! WHAT (]
VoU hAVE? WHAT ARE YOU ‘ASHING FOR 177

SOME SAMPLES OF OUR COUNTER LIST:

to 221

N.E. En ZOCV 18 DCU’'s 3
cMcC 226A (0 DCU"x) /7300 l’lu;!lm. Bt
Solid-State 7 Nixie (‘\I s]iU & nlulens ..1050.00

t

Substitute 525C for B in
0 Hz to 220 z:

Beckman 7370 (8 DU'L"s) & 73T0/7371/7572 795.00
10 Hz o 1000 MHz:

Beckman 7370 (8 DUU's) & 7570/../72/73. .995.00
10 Hz to 12, 400 MH2z:

Add H.P. 5408 Transfer Os<c. to any above. .375.00

,000 MHz WITH NO CALCULATIONS

Beckman 7370 u~ n( U's) and =758 .1295.00
Hz to 120 KNZ

Hewl-Pack :522B 13 DCU's), Universal. .. .. 199.50

HIGH-SENSITIVITY WIDE-BAND RECEIVER
COMMUNICATIONS ¢ BUG DETECTION
® SPECTRUM STUDIES

38-1000 MHZ AN/ALR-5: Consists of brand new
tuncr/converter (vV-233/ALR In original factory pack
and an exc. used, checked OK & grtd main receiver
R-144 modified for 120 v, 50/60 hz, The tuner covers
the range In 4 bands; each band has its own Type N
Ant. mpul Packed with each tuner is the factory
inspector’s checkout ~hoet The one we onened show-
ed SENSITIVITY: 1.1 at 38.4 mhz, 0.9 at 133
mhz, 5 at 538 mhz, 4112 at 778 mhz, 7 at 1 ghz.

The ‘receiver is actually a 30 mhz IF ampl. with ali
that follows, including a diode meter for relative
signal strengths: an atten. calibrated in 6 db steps
to --74 db, followed by an AVC position: Pan., Video
& AF outputs; switch select Pasq of +200 khz or =2
mhz: and SELECT AM or FM! With Hamnmok & pwr-
inout otug, All only ... .. ..o e 275.00

E. GOODHEART CO. INC,

Box 1220-A, Beverly Hills, Calld, #0213

Phones: Arca 213, office ZT2-ET0T, mossages 275-5343

GGuaranteed.’ With Spec,

Sal Never before offered! Self-contained, mtegrated I
Evf‘?;OS Bae 1 circuit—size of a DIME! TO-5 case, 8 leads. Use § vpcar yses 49
I t 2N2222 g'{or 51 for phono. tape, intercom & 100's of micromini- | ac ameurie l
= or$ ature audio circuits. mike, phono, tape. Qutput: ¥ RAA PHONO PREAMP
I E %“g;?? g:g; ;{ 3 to 16 ohm sheaker. Complete with data. NG CIE
] 2N3396 5 for$l
| o 3N3ses  sforsd 02 AMP siuicon 5 for sl SALE ON I
or
(= 2N3638 5 for $1 1000 PIV RECTIFIERS FAIRCHILD
[J 2N3641.3 5 for $1 it 2]
I E %“gggg g;g:;i ;;rmszoadd postage. Rated: net 30. cod’s 25 COUNTING ICS
one d : Wakefield, Mass. (617) 247 29
(] 2N3683 5 for $1 lpetait: 211 e..\’lsbinn?S(;..e\\"uk:;ih:ld.( Mags. & (1 $4 95'
I (1 2N3692 5 for$1 Guaranteed!
[} 2N37930 5 for $1 | GIANT SPRING CATALOG ON: Parts, Rectifiers. No Description I
] 2N4140.1 5¢or$1 Transistors, SCRs, |.C.'s, Equipment. -
I H gmugs S for $1 U r.0. BOX :A?Vs ] 958 Decade Counterl
284.5 5for$l - J 959 Quad Latch
I [J] 2N4288-9 5 for $1 POLY LYNNFIELD, MASS .
B 242901 5 for 131 PAKS 01940 (] 960 Decoder-Driver
|

L L N N N B B !
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——GREGORY ELECTRONICS——

New Low Prices On
General-Electric
Progress Line 2-Way
Mobile Equipment

30-50 MHz Vibrator Power
14" Case Complete Access.

Fully narrow-band (Tx & Rx) $148

MA/E 13 6/12v, 30w

MA/E 16 6/12v, 60w $178

MD/Y 16N 6/12v, 60w 128

Dynamotor Power Supply $

MD/Y 17 6/12v, 100w 138

Dynamotor Power Supply $
$218

MT /13 30w, low band $178

MT/17 12v, 100w

Transistor Power Supply $258

148-174 MHz Vibrator Power

14" Case Complete Access.

Fully narrow-band

MA/E 33 6/12v, 30w $168

MA/E 36 6/12v, 60w 198

Vibrator Power Supply $

FA/E 33 6/12v, 30w $158

MT/33-6/12v, 30w $218

MI/366/12v 60w _ $238

450-470 MHz 15w Vibrator

Power Supply MA/E 42, 118

with accessories $

MT 42 12v, 15w

Transistor Power Supply 5148

450-470 MHz General-Electric
Progress Line Accents

10 watts, 12 volts/transistor power supply; front or
rear mount. Complete accessories. Model No. EG48S

GE Progress Line L.B. Receiver Strips 25-50 MHz

Narrow Band $40. (4ER24) Wide Band $30.
UHF Transmitter Strips 4€T24 . . . .. $20.
RC-4 Remote Control e 8780

BRAND NEW

DUMONT M430RTN 450-470 MHz Special!
50-watt transistor power supply meets latest
FCC narrow-banding specifications, 5 K.C.
deviations.

IN FACTORY-SEALED CARTONS . . . .
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 squelch, 2
freq. receiver.

Motorola and RCA EQUIPMENT
AT NEW LOW PRICES
Reconditioned & Used FM 2-Way Radio Equipment
We Buy Late Model Equipment for Cash
SEND FOR NEW 1970 CATALOG

St GREGORY
ELECTRONICS
ssmoncz—  CORPORATION

249 RT. 46, Saddie Brook, N_J. 07662
Phone: (201) 489-3000

CIRCLE NO. 138 ON READER SERVICE CARD

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

GET
INTO

L

98

|
|
|
|
1

|
|
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1NCE, hiddhs T o eiree oo o fosa 3 16
Johanson Mtg. Co. ............. 67

Johnson Electronics Company,
E.Fa pienaiiat 10 mb oW (£Gh wuca PP (€
Judson Research & Mtg. Co.,

INC. 3. F g4 3E-0% - BBEEE - Ko 77

READER
SERVICE NO. ADVERTISER PAGE NO.
Lampkin Laboratories .......... 66
133 Leader Instruments Corp. ....... 63
132 Liberty Electronics, Inc. ........ 94
131 Mallory & Co., Inc., ............. 2
130 Motorola Training Institute ...... 66
Music Associated .............. 64
129 McGraw-Hill Book Co.,

128
127
126
125

107

124
123
122
121
120
119
118
17

116

15

110

Electronic & Control Engineers
BOOk ClubD a s s=mism soiamens ot ais 1

National Radio Institute ..8, 9, 10, 11

Olson Electronics, Inc. .......... 75
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call-back
killers...

Genuine RCA replacement parts.

They’'re famous for silencing
customer complaints and wiping oui
costly call-backs.

That's because they're special'y
designed and fabricated . . . every
electronic value, every mater al, every
mechanical dimension . .. for
particular applications in specific
RCA home instruments.

In effect, they're original parts. They
restore original performance and
original customer satisfaction.

You can spread that satisfac:ion
around by using many of them for

universal application, too. Trey're
great for upgrading performarce
wherever you use them.

Call your RCA distributor. He'!l set
you up with a supply of the fastest
moving ones today.

Parts and Accessories, Deptford, N.L
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Strong protective

grille screen.
S / \

Acoustifoam?” filter

Inside the
new E-v to stop "pops” and
Model 626 AN
and 627A - /m:;a;;f;?;:c%::“
weveput
one good (%%

idea after
another.

i

Stainless steel
side grilles.

Virtually indestructibie
Acoustalloy®
diaphragm that shrugs
off heat, humidity,
mechanical shock. \

Sophisticated dynamic
cardioid Single-D
element for smooth
control of feedback
plus added bass and
extra-high level when
working close.

7 Shock absorbing
\ internal ‘‘nesting”
construction that
soaks up abuse
and noise,

it all
adds up.

To more bass,
higher output, and
better feedback control

when working close,
than any other Single-D
microphones at any price.

High efficiency
magnetic structure
for full volume from
any modern amp.

Integral rear cavity
maintains “like new"
bass response for
years, eliminates
tiny air leaks.

A 2

Reliable, easy to use
On-Off switch,

Fawn beige
Micomatte™
non-reflecting
finish,

Modern "‘biack
chrome' satin
finish plating.

Threaded steel
insert for long
connector life.

Model 626 $46.50 Model 627A  $63.00

Nationally Advertised List Prices

. Sturdy cable
. strain relief,

A SUBSIDIARY OF GULTON INDUSTRIES, INC.
FOR INFORMATION ON E-¥ PRODUCTS:

Microphones Musician's speakers/microphones PA SpeakersfAccessorles High Fidelity speakers/electronics
CIRCLE NO. 111 ON READER SERVICE CARD CIRCLE NO. 113 ON READER SERVICE CARD CIRCLE NO. 112 ON READER SERVICE CARD CIRCLE NO. 114 ON READER SERVICE CARD

\/\/\/\/\/\/,ar‘Aericanradinhismrv,(‘.nm

e/ @ ®
2 & vorce
ELECTRO-VOICE, INC., Dept, 402N, 629 Cecil Street, Buchanan, Michigan 49107

T e
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