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EASY TO END THAT 
BLIZZARD P JUST 
UPGRADE YOUR 

ANTENNA LEAD -1N 

Fill BLACK b WHITE VHF. LOCAL F 

Tough 
polyethylene 
jacket 

>Strong 
Copperweld 
conductors 

Unicellular polyethylene 
core, each cell 
filled with inert gas 
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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 

ò 
o 

V 

óC 0 

oov 
C C 

sU 
E 40 

cco 
c 30 

c 
m2 

in 0) .. 
v :a 10 C a 

50 

20 

Celluline 8275 

Flat Twin -Lead 
Catches Dirt & Moisture 
Between Conductors 

8275 
42% 

TUBULAR 
LEAD-I N 

-- - FLAT 
LEAD -I N 

8275 
25% 

8230 
8% 

8230 
1.5% 

gç 
8230 
0.3% 

8275 
9% 

8230 
0.1% 

Cha 1. 2 Chat . 13 Chan. 14 Chan. 83 

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. 

AWG & 
( Stranding) Color 

Nom. 
O.D. 
(Inch) 

Nom. 
Velocity of 
Propagation 
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Capacitance 

(mmf /ft.) 
Nom. Attenuation 

per 100' 
me db 

20 (7x28) Brown 300 
x 

.400 

80% 4.6 100 1.05 
200 1.64 
300 2.12 
400 2.5 
500 2.98 
700 3.62 
900 4.3 

For a reprint of the informative magazine article, ELEC- 
TRONIC CABLES, send to: Belden Corporation, P. 0. Box 
5070 -A, Chicago, Illinois 60680. 

BELDEN 
. new ideas for moving electrical energy 

8.7 -9A 

Don't forget to ask them what else needs fixing? 
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Special introductory offer to new members of the 
ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 

A042/500 

NUMERICAL 
CALCULATIONS 
AND 

ALGORITHMS 

by Beckett & 
Hurt 

A494 754 

ENGINEERING 
MANUAL, 2/e 
by R. H. Perry 

Pub. price, $12.50 
Club price, $9.95 

Pub. price, $10.50 
Club price, $8.95 

A101/094 

MICROELEC- 
TRONIC 
CIRCUITS AND 
APPLICATIONS 
by J. M. Carroll 

Pub. price, $12.00 
Club price, $10.25 

A286/507 

SOLID -STATE 

ELECTRONICS 

by R. G. Hibberd 

Pub. price, $9.50 
Club price, $7.95 

A287/457 

SUCCESSFUL 
ENGINEERING 
MANAGEMENT 

by T. G. Hicks 

Pub. price, $8.95 
Club price, $7.25 

A347/506 

ELECTRONIC 
DIGITAL 
TECHNIQUES 

by P. M. Kintner 

A523/401 

CHARACTERIS- 
TICS AND 
OPERATION OF 

MOS FIELD - 

EFFECT DEVICES 

by P. Richman 

Pub. price, $10.00 
Club price, $8.50 

A037/604 

DIGITAL LOGIC 
AND COMPUTER 
OPERATIONS 

by Baron & 
Piccirilli 

Pub. price, $14.50 
Club price, $11.95 

A423/814 

PULSE, DIGITAL 
AND 
SWITCHING 
WAVEFORMS 

by Millman & 
Taub 

Pub. price, $18.00 
Club price, $15.30 

Pub. price, $12.50 
Club price, $10.65 

A565/031 

AMPLIFIER 
HANDBOOK 
by R. F. Shea 

Pub. price, $37.50 
Club price, $29.50 

Special $1.00 bonus book 
comes to you with your 

first club selection 
A637/377 

TRANSISTOR 
CIRCUIT 
DESIGN 
by Texas 
Instruments, 
Inc., Staff 

Pub. price, $16.50 
Club price, $14.05 

A610/037 

MODERN 
COMMUNICA- 
TION 
PRINCIPLES 
by Stein & 
Jones 

Pub. price, $15.00 
Club price, $12.75 

A126/070 

PRINTED 
CIRCUITS 
HANDBOOK 
by 
C. F. Coombs, 
J r. 

Pub. price, $17.75 
Club price, $14.95 

A259/607 

COMMUNICA- 
TION SYSTEM 
ENGINEERING 
HANDBOOK 
by 
D. H. Hamsher 

Pub. price, $29.50 
Club price, $24.95 

Save time and money by joining the 

Electronics and Control Engineers' Book Club 

HERE 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 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you 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. I_ 
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MAIL THIS COUPON TODAY 

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

Please enroll me as a member of the Electronics and Control Engi- 
neers' Book Club and send me the two books indicated below. I am 
to receive the bonus for just 41.00, and my first selection at the 
special Club price shown. The books are to be shipped on ap- 
proval. and I may return them both without cost or further obliga- 
tion. If I decide to keep the books, I agree to purchase as few 
as four additional books during the next two years at special Club 
prices (approximately 15% below list). 

Write Code No. of Write Code No. of 
bonus book first selection 

here here 

Name 

Address 

City 

State Zip 

1 

E33131 
1 
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YoTll get it from our 11/4-ounce Sonalert' electronic 
audible signal. 

With as little as 6 VDC and 3 ma.. Sonalert produces 
a piercing sound that's hard to ignore. Yet it weighs 
only a couple of ounces because it's all solid state. 

DEven the transducer is a crystal. This makes Sonalert 
reliable, efficient and long lasting. And because it's 
solid state, there's no danger of arcing, no RR or 
EMI noise, important considerations in computer and 
other control signal applications. 

Standard units vibrate at a fixed frequency of 2900 
500 Hz or 4500 ± 500 Hz depending on model. In 

* Registered trademark. P. R. Mallory & Co. Inc. 

MALLORY 
MALLORY D15T11 

addition, pulsing, warbling and AC models are avail- 
able. The penetrating sound covers a wider area than 
alarm lights and demands instant action. This makes 
Sonalert ideal where ignoring warnings would be 
hazardous or cause damage. Examples: aircraft fuel 
warning, electrical overload, computer error. auto- 
mobile door ajar or headlights -on warning. Other 
applications include communications, shipboard, 
missile and medical electronics alarms. 

For an informative 48 -page booklet of projects and 
circuit ideas, write for folder No. 9 -406. Address 
Mallory Distributor Products Company. a division of 
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206 

DISTRIBUTOR PRODUCTS COMPANY 
INA'. 

t: 7.Ir pl :317 -ß3R- if 1. :1 

Semiconductors Sonalert Switches Timers Vibrators 

. dlt.l..n..1 I'. N. \LI.L1.Itl w t.1. 1 
It..x 1LLM, Indb.nxlr.lt.. InJlnnn 11.n1 

citors Cassette Tapes Controls Resistors - Se 
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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. 

27 Electronics and Parapsychology L. George Lawrence 
A review of some of the more sophisticated experiments be- 
ing conducted today in parapsychology to test mans latent 
ability to communicate vyith anamare and inanimate objects. 

30 Recent Developments in Electronics 

32 Air Controller's Radar Sees Through Weather Howard L. McFann 
FAA Clutte! 

still maintains outline of bad -weather front. Air traffic. 
contro ter can then safely steer aircraft around turbulence. 

3 Integrated Circuit Memories -Growth and Future (Part 2) Dale Mrazek 

memory field and what the future holds as far as competition 
wi!h both Oder and mare recently developed memory devices. 
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Ceramic Tubular Trimmer Capacitors 
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PERFORM WITH' 

CHAMPIONS 

BUY THE BEST 

MARK TEN® 
CAPACITIVE DISCHARGE 

IGNITION SYSTEM 

DELTAKIT only $2995 
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 .. . 

Dramatic Increase in Performance and in 

Fast Acceleration 

Promotes more Complete Combustion 

Points and Plugs last 3 to 10 Times 
Longer 

Up to 20% Mileage Increase (saves gas) 

Order Your MARK TEN Today 
Shipped Postpaid at once .. 

DELTA PRODUCTS,;70 

P.O. Box 1141 EW Grand Junction, Colo. 61501 

Enclosed is $ _. Ship ppd. Ship C.O.D. 
Please send 

Mark Tens (Deltakit®) @ $29.95 
(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

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

12 Volt: Specify Positive Ground 
Negative Ground 

Car Year Make 

Name 

Address 

City 'State lip 
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Coming Next Month 
Special 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 products 
and lower costs. Don't miss this comprehensive, 
up -to -the minute report. 

PREDETERMINING 
DECIMAL 

COUNTERS 

Here are details on a simple 58.50 /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 frei encies below 64 Hz, makes use of vibrating 
side po Js and slot loading to achieve effect. 

DO YOU WANT TO BE 

CHIEF ENGINEER 
OF A RADIO STATION? 

A Vocational Profile which explains what the job 
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 section 
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 interesting and informative articles will be yours 
in the May issue of ELECTRONICS WORLD . . . on sale April 16th. 
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By FOREST H. BELT /ContribJting Editor news 
Consumer Electronics Show Expands 

Nearly 200 exhibitors will show their 1971 lines of home entertainment electronics at the annual Con- 

sumer Electronics Show. This year, 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 been accom- 

modated, but show officials are looking for more room. This show gets bigger every year, 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.f. 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 u.h.f. 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 

detented u.h.f. 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 yet. 

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 tubes 

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 business 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 

by 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 years repair charges. More than 20 cents an hour means you figured wrong 

Dr you dont watch enough TV to bother owning one. And this formula pretends the set is worn out in 2 

years, which it isn't. Every 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 to have the set fixed after the technician has made a diagnosis in 

the home, the would -be law says 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 

paying 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 
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automobiles. It made a great improvement for car -bound listeners to stereo FM. But vertical polarization 
can soon end. What should have been done long ago has been 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. 1t does an okay 
job for AM- although a few owners report they can't hear AM stations quite as far away. Insurance com- 
panies approve this denial of one more temptation to walk-by vandals; there's nothing about this new an- 
tenna they can break off. 

Hunting Old Recorder Parts? 

Anyone having trouble finding parts for old or imported record changers or tape machines should ask 
his electronic parts distributor about Game Industries" catalogue 70l). 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. If your 
distributor doesn't have the part you need, he can order it. 

However, mechanical parts -such as trip pawls, change -cycle slides, cycling cams. etc. -still seem to he 
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 its needed. We keep hoping to hear of im- 
provements in these parts situations, in place of mere buck -passing. If 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 Safety Committee. it had been about fire 
and smoke in color -TV sets (see "Another Political Fire to Quench." January, 1970. page 15 I. As I walked 
down one long corridor, the words "color TV" sifted out from behind a closed door. From the keyhole, I 
saw a man in a hard chair facing several others at a table. 

A guy at the table was pointing his finger. 
"You have a responsibility. You sell those monstrosities, and just pocket your profits with no concern. 

We can't let you 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 to be stopped. That's the purpose of this committee hearing. 

Even 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 -but seventeen. What do you say to that Mr. Setmaker ?" His voice rose a notch 
with every sentence. 

"Well -I -well, yes -but I understand three of those were in Texas. And...." 
"Come on, now, sir, you're not going to try copping out on those three just because the sets were bigger, 

are you? It won't help your case. you know." 
"But, Congressman, there are 25 million color sets. We have statistics 77 

"We? WE? You don't mean to imply you and other manufacturers are in collusion on 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 facts 

we want." He was pounding the table. 
Another committee member jumped up. "It's clear that you'll have to put a label say ing 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 -grown puppy. Each 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, to receive a complete 
I went outside. It all sounded too much like the "smoke and fires. story. I had to move quick to miss 

being run over by reporters hurrying out to file this latest "news." 
6 = L:CTRONICS WORLD 



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. 
RCAIElectronic ComponentslHarrison, N.J. 07029 RCR 

8 more SKways 
to repair 
and forget 
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Discover the ease 
and excitement of NRI'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 theoryyou learn into 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 

8 

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 your interest, 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 



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. N RI 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 postage -free card for your NRI Color 
Catalog. No obligation. No salesman will call. 

APPROVED UNDER GI BILL If you 
served since January 31, 1955, or are in 
service, check GI line in postage -free card. 
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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. 
So we 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. 

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. 
Or take 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. 

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 

12 ELECTRONICS WORLD 



HI -FI PRODUCT REPORT 
13N' LIB 'fl'FH) 
by Hirsch -Houck Labs 

McIntosh MC -3500 Power Amplifier 
Tandberg Model 11 Tape Recorder 

McIntosh MC -3500 Power Amplifier 

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

WHEN it comes to the McIntosh 
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 yet 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 101/2 inches 
high by 17 inches deep. Behind its im- 
posing satin -finished panel (which is 
drilled for rack mounting) is a seven- 
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stage amplifier- push -pull throughout, 
except for the cathode -follower input 
stage -that culminates in eight husky 
output tubes of a type (6LQ6) normal- 
ly used for deflection- amplifier service 
in TV receivers. A unity -coupled penta- 
filar (five -winding) output transformer, 
exclusive with McIntosh, 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 supplying 32 dB 
of over -all feedback and an additional 
6 dB in a local loop. 

A large meter on the front 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 (113 more sensitive than the other, so 

McINTOSH MC-3500 
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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 massive 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 +0, -3 dB 
from 1 to 70,000 Hz at 1 watt. Hum and 
noise are 95 dB 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 
IM distortion test merely indicated the 

M<INTOSH MC-3500 
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In ONE Educational Program Earn BOTH Your 

F.C.C. LICENSE 
And Your 

A. S. E. E. 
%.sociate in Science In Electronics Ene 

DEGREE 
In an electronics career today, an FCC license is impor- 
tant - sometimes essential - but its not enough! Without 
further education, you can't make it to the top. Get your 
FCC license without fail, but don't stop there. To prepare 
for a still better position, continue your electronics edu- 
cation and earn your Associate in Science Degree in 
Electronics Engineering. 

This is the common -sense approach for those who 
want to make both money and reputation in the expand- 
ing field of electronics. Also, it makes good sense to pre- 
pare for your FCC license with the School that gives 
degree credit for your license training - and with the 
School that can then take you from the FCC license level 
to the Degree level. 

The home -stdy program which accomplishes Moth of 
these objectives is the Grantham Associate -Degree Pro- 
gram in Electronics Engineering. This educational pro- 
gram consists of a total of 370 correspondence lessons, 
followed by a two -week period of review and evaluation 
at the School. The prerequisite for enrollment is high 
school graduation (or equivalent) and at least one full 
year of experience as an electronics technician. Upon 
completion of the first 16l) correspondence lessons, you 
are prepared for your first class FCC license and radar 
endorsement. 'Then. upon completion of the remainder 
of the program, you are awarded the ASEE Degree. 

This accredited ASEE Degree program covers a review 
of basic electronic circuits and systems, applied engi- 
neering mathematics (including algebra, trigonometry, 
analytic geometry, and calculus), classical and modern 
physics, technical writing, computer systems, electrical 
networks. and semiconductor circuit analysis and design. 
The ASEE Degree is awarded upon satisfactory comple- 
tion of the 370 correspondence lessons and the final two - 
week residency at the School. 

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

Grantham School of Engineering 
,Tan s Established in 1951 

1505 N. Western Ave. 
Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

Mail the coupon below for our free Bulletin. 

Grantham School of Engineering EM -4 -70 
1505 N. Western Ave., Hollywood, Calif. 90027 

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

Name Age 

Address 

City State Zip 
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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 -3500 
clipped cleanly when overdriven and 
showed no tendency to blow tubes or 
fuses. 

All of this naturally raises the ques- 
tion of why anyone would want an am- 
plifier capable of delivering 500 watts 
in his home music system. We are not 
really sure, but properly fused, very 

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) It 
sells for $1099, 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 type of music- reproduction sys- 
tem. 

Tandberg Model 11 Tape Recorder 
For copy of manufacturer's brochure, circle No. 2 on Reader Service Card. 

VIRTUALLY all new components 
V coming to us for testing have been 

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- 
sional use. An impressive exception to 
this rule is the Tandberg Model 11, a 
professional -quality portable mono reel - 
to -reel recorder. 

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 
used (ten 1.5 -volt "D" cells are re- 
quired), the battery life is about 5 to 6 
hours in continuous operation, or about 
20 hours if the machine is used half an 
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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 dynamic micro- 
phone, uses a locking professional -type 
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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 outputs are dis- 

a 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 1' /s, 
33/4, and 71 /z 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- 
sity 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 frequency 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 funs- 

' 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- 
cy 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 Model 11 
with 3M type 150 tape, for which it had 
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STOP 
RIGHT HERE! 

Take a close look at a revolutionary new multimeter. The 
Sencore Field Effect Meter. This beautifully styled FE 
meter virtually obsoletes all VTVMs and VOMs. Why? 
Exclusive FET circuitry. A totally new concept in multi - 
meter design that prevents circuit loading. Interested? 
Here's more. The FE16's 15 megohm input impedance on 
DC and 10 megohm on AC is 750 times less loading than 
a standard 20,000 ohm /volt VOM, 50 %less loading than 
a standard VTVM on DC volts and 10 times less loading 
on AC volts. Here's a real package of dynamite that 
means accuracy. FET ACCURACY that's 1.5% on DC, 
3% on AC. (An unbelievable 1/2% full scale accuracy on 
1 VDC.) 
Want more? Look a little closer. An exclusive true zero 
center scale starting at ± .5V DC, DC current ranges 
from 100µA 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. 

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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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 
important in making this 
selection. The crystal should be 
preaged with stress cycling. It 
should be checked for frequency 
change vs temperature change. 
It must be checked for optimum 
spurious response. It should be 
calibrated to frequency with the 
correct oscillator. International 
Crystals are manufactured to 
meet today's high accuracy 
requirements. That's why we 
guarantee all International 
crystals against defective 
materials and workmanship for 
an unlimited time when used in 
equipment for which they were 
specifically made. 

WRITE FOR CATALOG 
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CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY, OKLA. 73102 
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been adjusted. Its performance was well 
within specifications, and was of a fully 
professional caliber. At 7'/2 in /s, the 
over -all record -playback frequency re- 
sponse was x-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 33/4 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 Pk 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 33/4 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 
hobbyist, 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 prohibitive. Its per- 
formance, both 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 Model 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 carrying case with shoul- 
der strap is $29.95. 

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

gadget." 
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New S illS Boo/is for every electronics interest 

New 18th Edition of the famous E & E 

RADIO HANDBOOK 
by WILLIAM I. ORR, W6SAI. 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 guide to substitutions for receiv- 
ing, picture tube, miniature, industrial, and 
communications types; also includes foreign 
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 $2.25 
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 earlier vol- 
umes, but contains all -new material, espe- 
cially on late -model color chassis. 
Order 20762, only $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, only $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 20766, 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 
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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 
topics are 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; capacitors and capacitive react- 
ance; magnetism and electromagne- 
tism; electrical measuring instruments; 
and inductors and inductive reactance. 
Order 20727, only $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 elec- 
tronic organs, including theory. develop- 
ment, features and operation. In block 
diagram and schematic illustrations, the 
book shows what is inside an organ. 
Order 20754, only $5.50 

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, 
amplifier and oscillator applications, ther- 
mistors in communications, and supple- 
mentary circuits. 
Order 20765, only $2.95 

101 Questions & Answers About 
Hi -Fi and Stereo 

A practical and useful reference book ex- 
plaining the essential facts about hi -fi and 
stereo, with important help on trouble- 
shooting 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 ol'd- 
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, electronic hobbyists will 
find this book interesting and understand- 
able and will appreciate the fascinating logic 
circuits dealt with in the material. 
Order 20755, only 

HOWARD W. SAMS & CO., INC. 

Order from any Electronic Parts Distributor, or 
mail to Howard W. Sams & Co., Inc., Dept. EW -4 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Send books checked at right. S enclosed. 

Send FREE 1970 Sams Book Catalog 

Name 
PLEASE PRINT 

Address 

City State Zip 
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50 functions in a single chip. The functions of 50 separate 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? 

T'üiE DEVELOPMENT OF INTEGRATED CIIRCUITRY 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 to cash in on the gigantic coming 
boom, and how you can learn it right at home. 

TINY 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 into 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 a 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 Ieep 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. 
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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. 

CIE Cleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland Ohio 44114 

E 
COLLEGE 

LEVEL 

COURSE IN 

ELECTRONICS 

ENGINEERING 
for men with prior ex- 
perience in Electron- 
ics. Covers steady - 
state and transient 
network theory, solid 
state physics and cir- 
cuitry pulse tech- 
niques, computer logic 
and mathematics 
through calculus. A 

college -level course 
for men already work- 
ing in Electronics. 

r 
Cleveland 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." 

I am especially interested in 

Electronics 
Technology 

Broadcast 
Engineering 

First -Class 
FCC License 

Electronic 
Communications 

El Industrial Electronics 
and Automation 

Electronics 
Engineering 

Name 

Address 

City 

(please print) 

State Zip Age 

Check here for G.I. Bill Information. 

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

EW-72 

1 
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ENGINEERS 
Evaluation and Test 
Manufacturing 
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, III. 60164 
An Equal Opportunity Employer 
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LETTERS 

FOUR -CHANNEL STEREO 
To the Editors: 

On June 2, 1964 I 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 overlying and 
surrounding 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 loudspeaker #1, etc. 

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 various 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- 

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! 

FRED SHUNAMAN 
Plainfield, N. J. 

* * * 

PRINTED -CIRCUIT REPAIR KITS 
To the Editors: 

In the October issue of ELECTRON- 
ICS WORLD Mr. Sal DiNuzzo, in his 
article entitled "Printed Circuit Tech- 
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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. 

JOEL T. WHITE, JR. 
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 your 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: Rl 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. 

YSBRAND 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. 

April, 1970 
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Better 
than 
ever 

ìiew 
Taut Band 
Movement 

cannot develop 
error -causing 

friction. 

World Famous 
Simpson 260" 

Millions now 
in use! 

SELF- SHIELDING, SHOCK PROOF ... for outstanding 
accuracy and repeatability. 
VARISTOR PROTECTED against even 200,000% overloads. 

RUGGED DEPENDABILITY that has no equal. 

New Taut Band 260` -5 complete with test 
leads, batteries, and 40 -page operator's manual.. $65.00 
New Taut Band 260®-5M with anti -parallax mirror scale 
and knife -edge pointer $67 00 

New Taut Band 2600 -5P with circuit breaker overload 
protection of VOM circuitry $97.00 

GET "OFF- THE -SHELF " DELIVERY FROM 
YOUR LOCAL ELECTRONIC DISTRIBUTOR 

ELECTRIC COMPANY 

5200 W. Kinzie Street, Chicago, Illinois 60644 Phone (312) 379 -1121 

Export Dept: 400 W. Madison Street, Chicago, Illinois 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... 

...IN THE 

TIME IT NOW 

TAKES TO INSTALL 

ONE 

MICROPHONE 

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 
microphone has one at his finger- 
tips.) 

... AS 

EASILY AND 

COMPETENTLY AS 

ONE 

MICROPHONE 

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.) 

... WITH ONE 

VOLUME CONTROL 

FOR EACH 

MICROPHONE AND 

ONE MASTER 

VOLUME CONTROL 

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. 

H V R E 

MICROPHONE MICROPHONE 
MICROPHONE 

MIXER 
MIXER MIXER 

...YOUR KEY TO TOTAL COMMUNICATIONS ...YOUR KEY TO TOTAL COMMUNICATIONS 
i:roï ter_ Lhuther;. Inc. v 1967 Shure 9,thr.r;, Inc. 
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...YOUR KEY TO TOTAL COMMUNICATIONS 

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

1957 Sn.rrc 9rolherS. 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 "... I 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 

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 °/o of the cases and less than 175 feet in 77 °/o 

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 positioned 
to monitor entire screen, or to concentrate on a particular 
area or item 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 °/o 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. 
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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 

CIRCLE NO. 145 ON READER SERVICE CARD 
ELECTRONICS WORLD 



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. 

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 to 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 place 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 Psychic Re- 
search," founded in 1882 in London, first used scientific 
methods for its studies, dissociating psychic phenomena 

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. -type of apparatus for testing 
human telepathy. 
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Fig. 1. Setup used by Italian 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. 
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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 husbcnd. 

Fig. 3. Color centrifuge equipment used to confirm existence 
of psi fields. With experimenter concentrating on an image on 
a 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. 
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As shown in Fig. 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. /u.h.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 somewhat 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 psychic 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.e., 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 quasi -identical image of the 
original. This appears to work with some people and may be 
classified as telepathic /psychokinetic, since thought trig- 
gered a mechanistic replica. 

Psi -type work of this kind ties in with experiments in the 
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"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 -type 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 num- 
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 psychologist 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 -type 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, have invited a search 
for discriminating devices and specific mind -intercoupling 
agents. 

One of the most intriguing things to emerge in that area is 
the now -famous Backster Effect ( ELECTRONICS WORLD, Oc- 
tober, 1969 ) . Here, since living plants seem to react bioelec- 
trically to thought- images directed at their over -all well- being, 
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 pule 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 
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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 
beyond their specialties and acquire more background knowl- 
edge in order to do meaningful work in a field such as this. 
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Fig. 5. Biogram demonstrating psi- sensitivity level of plants 
in response to emotional state of owner who is at a distance. 
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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 11 /4 -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 Ion 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 monitor. 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 auminum. 

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 multi -cellular 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 Electronic Corp. 

Computer Traffic Control 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. 
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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 Controller's Radar 
Sees Through Weather 

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

Worried about flying in "bad" weather? Here's a new FAA weather - 
device that makes it possible for air traffic controllers to guide 
aircraft safely around all types of hazardous weather conditions. 

IN an attempt to cut through the weather clutter that logarithmic receivers with fast time constants to break up 
obscures vital target data on the air traffic controller's long clutter blocks. 
radar displays, engineers inadvertently created another A breakthrough in the problem of reducing weather re- 

potentially serious operational problem. As a result, a turns appeared to have been made with the adoption of 
device, described in this article, was developed that solved digital processing and narrow -band transmission of the radar 
this problem and opened new vistas for examining a storm's video. The need to maintain low data rates on the telepho,,e 
awesome proportions. lines used to carry target information required stringent 

Weather Clutter Obscures Aircraft control of the false alarm rate, i.e., transmission of noise 
pulses as aircraft targets. The digitizer circuit that does this 

How would you like to control aircraft with your radar job is aptly referred to as an "automatic clutter eliminator." 
scope cluttered by heavy weather as shown in Fig. 1 (left)? The effectiveness of the clutter eliminator can best be 
The appearance of such clutter on radar scopes has long judged by comparing the radar -scope photos shown in Fig. 1. 

been considered unavoidable and it is obvious why it is Note that the radar signals on the time -correlated photo - 
necessary to clear up the display so aircraft target data can graph of the digital display shown on the right are well 
be followed more efficiently. defined symbols and that most of the dense clutter has been 

Persistent engineering effort resulted in design improve- eliminated. 
ments, called "fixes," which enable the air traffic controller The Problem to cut through some of the interference. Most field radars 
are now equipped with several of these fixes; circular polar- It soon became evident that complete removal of weather 
ized antennas that discriminate against the signals returned clutter by the digitizer gave rise to an equally serious opera - 
by spherical particulate matter, such as raindrops, and tional problem. The air traffic controller was no longer able 

to provide pilots with essential weather 
Fig. 1. Typical air traffic controller's radar PPI scopes 
showing (left) weather clutter interfering with identifica- advisories based on his personal obser- 
tion of aircraft target data and (right) after removal of vation of the radar clutter, and it became 
weather clutter by use of "automatic clutter eliminator." exceedingly difficult to maneuver aircraft 

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. 
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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 
threshold comparators, or slicers. Two slicers are presently 
used and they can be set to trigger at 
any level within the range of the system. 

For best operation, the video input to 
the outline generator should be log- 
arithmic with at least a 60 -dB dynamic 
range to cover the intensity levels en- 
countered in the strongest storms, and 
the radar fixes, used to reduce clutter, 
should be either turned off or bypassed. 

Several refinements are incorporated 
to improve the integrity of the weather 
intensity estimate. Examples are the 
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 
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. 
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Fig. 3 demonstrates the ability of the system to look into 
the heart of a storm. The weather activity portrayed con- 
sisted of widespread rain showers containing a small, yet 
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 be 
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 21" 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 
aircraft moving safely along the busy airways. 
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Fig. 2. Simplified block dia- 
gram of weather -outline 
generator discussed in article. 
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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. 

AST month, Part 1 of this article described the read - 
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 IC memories will be examined. 

Bipolar Scratchpads 
The high cost of bipolar memory IC'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 versa. 

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 
25 MHz, while dissipating about 35 mW per bit. However, 
many designers still prefer to use standard TTL quad 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 assembling the multi -array planes as hybrid IC's; for 
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Fig. (Top) Typical b'polar 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 IC'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 
blocks and the large bipolar arrays of 32 and 64 bits that are 
being developed with LSI techniques. 

In contrast, MOS monolithic scratchpads 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 random- 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 be 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 -type 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 system 
"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 delay -line applications and 
about 200,000 bits in drum -memory applications. 

Since shift rates are clock -controlled, storage or delay time 
is electrically variable. This feature may be used to synchro- 
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 ac- 
cumulator read -in and read -out operations, and to indepen- 
dently vary the times in delay -line segments. At minimum 
clock rates, average power dissipation in the range of a 
microwatt per bit can be achieved with MOS dynamic 
registers. 

Words stored in a shift register or accumulator may be 
selected by applying a time address to the output control or 
by the CAM key -match technique. 
Words can be read out sequentially 
from a channel in a drum -type system 
(Fig. 4A) or a few channels can be or- 
ganized to present word bits in parallel. 
The TTL /MOS multiplexing technique 
shown in Fig. 4B multiplies the apparent 
speed of the 1\1OS registers and achieves 
very high data rates. The speed record 
for this type of system appears to be 
50 \IHz, which American. Astrionics 
reportedly achieved in a hybrid MOS/ 
TTL IC, using specially designed shift 
registers. 

A recirculation, or data -feedback, loop 
is generally used to obtaiñ long -term 
storage. Several examples of register 
recirculation controls are: external TTL 
control gates (Fig. 5A), a 4 -MHz ac- 
cumulator with internal MOS controls 
(Fig. 5B) , and a 3- register chip with 
internal controls (Fig. 5C) . The taps at 
the 60th -bit positions (Fig. 5C) enable 
external bipolar logic IC's to make logi- 
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-- WRITE /READ ENABLE 
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NPUTS 

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 
dynamic 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 tern- 
perature. Low -leakage types can be clocked as slowly as 
100 Hz at room temperature. Standard dynamic registers are 
clocked with a two -phase signal, as in Fig. 1 (Part 1) , and 
standard static registers take a single -phase clock and gener- 
ate complementary clocks internally. 

The main thrust of bipolar LSI development is aimed at the 
enormous computer memory market that is still dominated by 
cores, chiefly computer main memories. LSI is expected to 
increase bipolar IC capacity to 64 bits in the near future and 
to as much as 256 bits in the mid- 1970's. Bipolar ROM's 
with capacities of 512 bits and content -addressable build- 
ing blocks with capacities of 8 bits are also in development. 

Fig. 4. (A) Drum -type register, built with shift registers, permits 
words to be read out sequentially from the selected channel. MOS 
switches at left of register control data read -in and recirulation. 
(B) Multiplexing data into parallel 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 control logic. 
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Fig. 5. Examples of recirculation loops. (Al TTL controlled high -speed 
segmented delay line, (B) dual accumulator with internal MOS controls, 
and ICI 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. 

Considerably higher capacities 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 

WRITE 

READ/WRRE 

(A1 

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 one 
prediction of things to come in the early 
1970's. Bipolar cell size (Fig. 6C) in 
random- access, read -write memories is 
expected to drop drastically as the num- 
ber of minimum -geometry, minimum - 
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 hybrid IC's. 

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

Fig. 6. Anticipated future LSI memory characteristics and schematics of 
the IA) 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 
core and other memory devices as far as performance and cost are concerned. 

TECHNOLOGY 
CELL AREA 
(sq. mils) 

SPEED 
(ns) 

POWER 
(Cell only, mW) 

TYPICAL CELL 

C -MOS 80 200 10 -- Fig. 6A 

P -MOS 15 250 0.01 Fig. 6B 

Bipolar 10 100 0.5 Fig. 6C 
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Air -Dielectric Trimmers 
By JACK L. BOWEN / Manager, Component Development, E.F. Johnson Co. 

Relatively small size, top performance, and low cost are mai' 
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 most popular 
trimmers due to the very favorable track -off be- 
tween cost and performance compared to solid - 

dielectric trimmers. Air trimmers are used in countless cir- 
cuit applications. A kw basic, specific examples are: tank 
circuits, filters, stable oscillators, helical resonators, and 
attenuators. These circuits are frequently used by manu- 
facturers of communications equipment, such as business 
and personal two -way radio and aircraft 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- 
pacitors exhibit a rotational life in excess of 1000 tuning 
cycles while air trimmers most frequently exhibit rotational 
lives between 250 and 1000 tuning cycles. A tuning cycle 
is 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 trinuners. All have two features in common: 
(1) all use air as the primary dielectric, and (2) all re- 
quire supporting members to position the rotor and stator. 
Because of these Iwo features, we are faced with certain 
limitations. 

The basic equation for the capacitance between two flat 
plates with air as the dielectric is: C = 0.0085KA /t where 
C = capacitance in pF, K = dielectric constant (for air, 
K = 1), A = facing area in cm2, and t = distance be- 
tween plates, in cm. 

As you can see, capacitance of an air trimmer can be 
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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DIELECTRIC MATERIAL 
DISSIPATION FACTOR 

(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 capacitor 
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- 
acteristics 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 capacitor "Q," temperature 
coefficient (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 = 
Rp /Xo = Xc /Rs where: DF = dissipation factor of the 
capacitor dielectric, Rp = equivalent parallel resistance, 
Rs = equivalent series resistance, and Xe = capacitive 
reactance. 

Thus, we see that a low dissipation factor dielectric will 
yield a high -"Q" capacitor. Table 1 lists dissipation factors 
of common capacitor dielectrics and endframe materials. 
As can be seen 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- 
ly, most dielectrics 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 materials 
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. B. 

We have shown that an air trimmer necessarily falls a 

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

Air Trimmer 
Capacitor 

MIL -Spec 
Number 

Typical 
Application 

Relative Cost 
Range 

Typ. Max. 
Cap. (pF) 

Typ. Max. 
Volt. Rat. (V d.c.) 

Relative 
Size 

Current- 
Carrying Cap. 

Typ. Nom. TC 
(ppm / °C) 

Soldered plate MIL.0 -92A, 
Styles CT04, 
CT06, CT12, 
CT13, C114, 
CT15 

Used in low to med.- 
power transmitter 
tuning, loading, and 
matching networks. 
Can be used in 
oscillators, reso- 
nators, attenuators, 
and filters. 

Medium 5 -200 4500 Medium Low- medium 0 -100 

Staked plate MIL -C -92A, 
Styles CT06, 
CT12, CT13, 
CT14, CT15 

Used in high -power 
transmitter tuning, 
loading, and match - 
ing networks. 

Medium 5 -200 4500 Medium High 0 -100 

Bolted plate none 
applicable 

Used in very high 
power r.f. generating 
equipment and in 
transmitter tuning, 
loading, and match- 
ing networks. Good 
at high temp. 

Medium- 
high 

25 -1000 13,000 Large Very high 100 

Milled plate MIL -C -92A, 
Style CT16 

Used in low -power 
circuitry where 
low cost, high "Q," 
small size, and 
stability are most 
important. Examples 
include oscillators, 
resonators, 
attenuators, and filters. 

Low 5 -60 1000 Small Low -medium 34-45 - 

. 

Concentric 
ring 

none 
applicable 

Used due to low 
inductance, low TC 

and high "Q." 
Applications in 
microwave receivers 
and v.h.f.- u.h.f. 
communications 
equipment. 

Medium- 
high 

5 -60 1000 Very 
small 

Low 0 

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- 
tance 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 
Fig. 2C. The equivalent circuit may be shown as in Fig. 
2D, where: Rs (Eo) = total equivalent series resistance 
and Ri, (Eq) = 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 u.h.f. 
and higher frequencies where the inductance of the capaci- 
tor leads may become critical. 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 -frequency 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" 
at 1 MHz 

Typical 
Plating 

Mounting 
Avail.* 

Tuning 
Resolution 

10,000 Nickel 1,2,3 Medium 

7000 Nickel 1,2,3 Medium 

4000 Unplated 
aluminum 
plates 

2,3 Coarse 

20,000 Silver 1,2,3 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 a t these frequencies but many 
users obtain an indication of Q" 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 
"Q" comparisons at high frequencies. 

Capacitor manufacturers publish data based upon read- 
ings taken on either the Boonton Radio 190A "Q" -meter 
or a Boonton Electronics 75- series capacitance bridge. The 
"Q" -meter has a variable frequency feature which allows 
"Q" measurements up to 2.50 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 "Q" up to and beyond 1 GHz. Today, performance 
data beyond 250 MHz must be extrapolated from lower 
frequency data. The circuit designer has one bench mark 
in the fact that all trimmers exhibit lower "Q" with in- 
creasing frequency as is shown in Fig. 5. If "Q" is critical 
at high frequencies, a trimmer must be selected which ex- 
hibits high "Q" 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 +100 +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 direct de- 
pendence of voltage breakdown upon physical size. Air 
trimmers are susceptible to reduced voltage breakdown 
ill reduced pressure or in extremely "dirty" environments. 
Sealed versions, of course, do not have these shortcomings. 

Regular and Special Types 
Air trimmers are typically 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 characteristics and applications of each 
type trimmer. Each type is best suited for a particular ap- 
plication. Table 2 should serve as a guide in the selection 
of an stir 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 -carrying elements which are 
suitable at high frequencies. The concentric -ring devices 
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Fig. 4. Milled -plate air trimmer capacitors are shown 
with their respective brass rotor and stator extrusions. 
These units are especially suited for high frequencies. 
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Fig. 5. Typical air -trimmer "Q" versus frequency. Above 
250 MHz data must be extrapolated from lower frequencies. 
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Fig. 6. Capacitance vs temperature of milled -plate trimmer. 
The temperature coefficient is approximately +50 ppm/ °C. 

Fig. 7. Capacitance vs temperature of ceramic disc 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, each trimmer style has its 
outstanding characteristics. The user must first decide 
what capacitance is required. what "Q" is needed, and 
then -decide which type trimmer he should use. The five 
types of units available have overlapping capacitance 
ranges and often share both desirable and undesirable fea- 
tu res. 

Variable capacitor manufacturers are conditioned to the 
needs of the user and consequently make available numer- 
ous special configurations upon request. For example, Fig. 
8 shows a miniature low -cost tank circuit that can he sup- 
plied. Special terminations, plating, torque. voltage ratings, 
and capacitance ranges are frequently supplied to volume 
users of air trimmers. Low- torque trimmers utilizing ball 
bearings are frequently used 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 user to stake -over the 
printed -circuit type terminals prior to wave soldering. This 
staking permits the PC board to be turned over without 
allowing the trimmer to fall off the board. 

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 xvill insist on guaran- 
teed ranges but will not select ranges beyond those speci- 
fied by the circuit designer. Also, the use of a fixed padder 
in series or parallel with the trimmer should be considered 
if it can result in the utilization of a lower cost or a more 
standard trimmer. Let's now assume that we need to speci- 
fy a trimmer. What do we need to know? A list of charac- 
teristics must be prepared defining: 

1. Cost 
2. Capacitance range (maximum minimums and mini - 

11111n1 n1<lxins11111) 

:3. 'Q" required (minimum value at 1 MHz) 
4. Voltage rating required (use safety factors to de -late 

for contamination. moisture. or altitude) 
5. Rotational life (torque) 
6. Resolution of taming 
7. Space available 
8. Temperature coefficient and drift characteristics 
9. Environmental conditions 
In order to limit our problem, let's assume that we have 

decided to use an air trimmer because of its stability, "Q." 
cost. or other reasons. However, certain characteristics do 
not complement each other. For instance. a high capaci- 
tance and high voltage breakdown cannot both be offered 
in a small space. In other words. in a given space. addi- 
tional capacitance in a given style trimmer can be ob- 
tained only at the cost of decreased voltage rating. Some 
style trimmers, however, offer a more efficient use of space 
(see Fig. ,3) but will cost appreciably more than a unit 
such as the capacitor shown in Fig. 4. 

Capacitor "Q" is largely dependent upon endfranse and 
plating materials. When used at frequencies above 100 

MHz, look for multiple rotor contacts, silver or gold plat- 
ing, and low -loss high alumina endfranles. AIeasurensent 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 "Q" 
readings. 

Rotational life of air trimmers is usually ?50 to 1000 
cycles. 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 setting. t1ost 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 
concentric -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 all 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 use of Invar tubes 
in the concentric -ring design. Small positive TC values 
such as 35 ±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 
+ 100 - 20 ppm / °C but, as can be seen by tight tolerance, 
these trimmers are extremely consistent. Air trimmers, as 
a family, offer excellent retrace of capacitance and exhibit 
very little drift upon temperature and /or humidity cy- 
cling. The use of poor endframe materials will, however, 
induce unwanted variations. 

Environmental conditions place one of the most impor- 
tant limitations upon the use of air trimmers. Let's look 
at the three most important environmental factors: 1. tem- 
perature, 2. pressure (altitude) , and 3. humidity. 

Air trimmers are most commonly constructed by solder- 
ing the stator to the endframe with a standard 60 -40 sol- 
der. The typical maximum temperature rating of such 
devices is 125 °C to 140 °C. This is not an ambient rating 
but a total 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 sealed must be de -rated for 
use at high altitudes. As an example, the atmospheric 
pressure at 50,000 feet is 3.4 inches of mercury and a typ- 
ical milled -plate trimmer will break down at 50% of its 
sea -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 1% change in ca- 
pacitance and not more than 20% reduction in "Q" and 

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

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

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

1. Guaranteed minimum capacitance 
2. Guaranteed maximum capacitance 
3. Voltage breakdown (d.c.) at sea level 
4. Minimum and maximum torque 
5. Maximum physical dimensions 
6. Mounting and /or terminal dimensions 
7. "Q" 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 trimmer 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 -off of features must be established 
prior to the selection of the air trimmer. The ultimate 
trimmer selection must represent the best compromise of 
characteristics and cost for each individual application. 

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

POLYSTYRENE TRIMMER CAPACITORS 
BECAUSE 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. 

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 100 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. 
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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 fixed and variable capacitors. 

IN the early 1930's a salesman from one of the ce- 
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 
in the United States started to use this material in fixed 
disc and tubular capacitors. From these meager begin- 
nings, the ceramic capacitor industry has grown by leaps 
and bounds. 

At the time the first material was used, little was known 
of its electrical characteristics. After application experi- 

Fig. 2. Terminal configuration and dimensions for 

Is1 

THREAD A B 

MOUNTING #6.32 .152" .225" 
DETAIL #4.36 .126" .190" 

Tolerances _ .005" Unless Otherwise Specified 

4rir 
A Mounting - 

Hole Diameter 

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

ence, it was found that it had definite and predictable 
temperature characteristics. 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- 
sate for the positive temperature characteristic of coils 

various types of ceramic tubular trimmer capacitors. 

TL TL TL 

TT-100 TT200 TT-250 TT 300 11350 TT 400 TT500 TT-550 TT-600 TT 650 

DIAMETER 

(D) 

=632 .215 .215 .215 .215 .215 .215 N.A. N.A. .215 .215 

=4 -36 .180 .180 .180 .180 .180 N.A. .180 .180 N.A. N.A. 

TERMINAL (TL) 
LENGTH -4 .032 

N.A 1.1/2 
Min. 

1-1/2 
Min. 

1.1/2 
Min. 

1.1/2 
Min. 

.210 .160 .160 
Variable Variable 

.300 .250 50 .2 50 

TERMINAL 
POSITION (TP) VARIABLE 

ANGLE (A) _ 1 ANGULAR RELATIONSHIP BETWEEN MOUNTING LUGS AND WIRE LEAD OR TERMINAL LUG IS VARIABLE 

LENGTH (L) SEE CAPACITANCE -RANGE CHART (TABLE I) 

(N.A. -NOT AVAILABLE. ALL DIMENSIONS IN INCHES) 

42 ELECTRONICS WORLD 

TL 



.062 

.002 

3/8 

.215 

HORIZONTAL MOUNT 

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

THREAD: #632 

1/8 

.062 

Ì9Ó .358 
MIN s 030 

3/8 

.215 -[- -{ 
ANGULAR MOUNT 

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

THREAD: #632 

.070 ± A05 :033 .003 
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DIA 
.375 i 

MOUNTING HOLES FOR 

"SNAP -IN" ASSEMBLY 
(PREFERRED METHOD) 

R 

#632 
THD 17/32 MAX 

(EXTENSION 

23/32 
MAX I 1.075 

I r .105 

1%4 1 .025 
9/64 MAX. 

7/64 

TOL: t 1/64 UNLESS OTHERWISE SPECIFIED 

VERTICAL MOUNT 

TUBE LENGTH: 5/8" ± 1/64" 
THREAD: #632 
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, such as 
described 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) to N5250 (negative 5250 ppm / °C) . 

Since a variety of temperature -coefficient (TC) charac- 
teristics are available in this class of materials, the par- 
ticular TC can be selected 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, 
negative 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 -55° C 
to 125° C) , and has excellent dissipation factor, high in- 
sulation resistance, high "Q ", plus good frequency char- 
acteristics. This NPO dielectric, in fact, is more stable 
than many glass dielectrics. 

The Hi -K ceramic materials are designed to give the 
most capacitance in 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 heated 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 dielectrics 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 dielectrics are essential for these particular applications. 
It is important to understand that the use of tempera- 

ture- compensating dielectrics in trimmers does not mean 
that the dielectrics 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- 
teristics of the dielectric itself. 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. Therefore, 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 dielectric 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 electronic 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 pF. 

The most popular tubular configuration has one end that 
is notched to fit into a key -hole mounting (Fig. 1) . A 
screw threaded into 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 ceramic 
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 screw has an outside di- 
ameter of 0.215 ", while the other is designed for use with 
a #4 -36 screw in an outside diameter of 0.180 ". These 
trimmers are available in five different lengths: 3/8 ", 1 /2 ", 
5 /s ", 3/4 ", and 1" long. These are available in up to ten ter- 
minal combinations, including various types of wire break- 
outs, solder terminals, tabs, etc. 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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guiar, or vertical mounting to the chassis. (See Fig. 3.) 
The ceramic materials that are used for these trimmers 

fall into the temperature- compensating class. Materials 
used have TC's of N2ä0, N400, and N750. In addition, 
steatite ceramic (a type of electronic porcelain) is em- 
ployed in these trimmers. Steatite is quite dense, is very 
stable, and functions admirably as an inert dielectric. 
Steatite is 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 TC body together with 
the larger diameter and greatest length affords the highest 
capacitance (up to 25 pF) 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. 

Sonie 20 percent increases in minimum and maximum 
capacitance limits 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 increase, provides 
a higher dielectric constant in series with the ceramic di- 
electric and increases the total capacitance accordingly. 

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

Length Steatite (P120) N220 N40O 

.5-2.0 .9 -3.0 1.5.6.0 
3 /e" .8 -2.5 1.0-4.0 2.0.7.0 

1.0-3.0 2.0 -5.0 2.5.9.0 
1.0.3.5 ** 2.5.5.5 ** 3.5.10.0 ** 

.3-2.5 .5-4.0 1.0-7.0 
.5 -3.5 1.0-6.0 1.5-9.0 

1.0.4.0 2.0.7.0 2.5-12.5 
1.0 -5.0 ** 2.5.8.0 ** 3.5.13.0 ** 

.2-3.0 .5.6.0 .8-8.0 
5A" .5 -4.5 L0.8.0 1.5-12.0 

L0.6.0 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 .8.11.0 
3/4" .4.6.0 1.0 -10.0 1.0.14.0 

1.0 -7.5 2.0 -11.0 3.0-18.0 
1.0.8.0 ** 2.5.12.0 ** 3.5.20.0 ** 

.4 -6.0 1.0 -10.0 1.0 -14.0 
1.0 -7.5 2.0 -11.0 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 g ease will increase both the 
and maximum capacitance limits approximately 20 %. 

* *Available only on tubular trimmers without mounting lugs. 

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

minimum 

MICA COMPRESSION TRIMMERS 
MICA 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 Mfg. 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 11/2 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 %8" x 16 " single padder, 
a 1" x I %2" single padder with a nominal maximum capacitance 
range of 80 to 240 pF for 175 WV d.c., and a 1146" 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 5/8 "), miniature (3/8" x 9/6 "), and midget 
(3/8" x 3/4 "), 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. 

These capacitors are normally supplied with the capacitance ad- 
justed to near nominal values, which occur between t/4 and 1/2 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 50% 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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Glass Piston Trimmer Capacitors 
By KENNETH F. MILLER / Chief Engineer 

JFD 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. 

PISTON trimmers are very useful for circuits where 
stable and finely adjustable capacitances are required 
and where space is at a premium. For example, they 

are often used to tune filters for i.f. 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 cycles. 

Piston Trimmer Construction 
Fig. IA shows the construction of a typical panel -mount 

piston trimmer. The piston 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 screw, to the piston electrode. The sta- 
tor is 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 dielectric 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 "Q." Then silver bands are printed 
around the glass. It is important that the silver bands be 
solid and homogeneous with a high- strength bond to the 
glass tube. The bond is achieved by fusing the bands at 
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1400° F. During fusion the diameter 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 improve 
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 miniature tele- 
scopic mechanism. The diameter is about the same as that 
of a standard piston trimmer, but the unit is much shorter. 

A typical sealed panel -mount glass piston trimmer capacitor. 



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 
flange extension of the inner bushing. Torque is supplied 
by the tension ring, which fits in a slot on the flange. The 
O -ring seal increases moisture resistance, insulation resis- 
tance, and dielectric strength. 

A long -life sealed telescopic piston trimmer is shown in 
Fig. 1C. This type of mechanism is designed to permit a 
very Large number of adjustments (500 or more cycles) . 

Tension is applied to the adjustment screw by two axially 
spring -loaded tensioning nuts. These tensioning nuts fit 
into 90- degree opposing channels of the mounting bushing 
and provide torque to prevent accidental rotation of the 
lead -screw as well as eliminate backlash. 

Some piston trimmers use a non- rotating, or direct tra- 
verse mechanism. At the end of the piston are two shaped 
slots. The arms of the bushing fit 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 screw rotates, but does not 
move in and out with the piston. 

The mechanism shown in Fig. 1D is a very long -life 
(10,000 cycle) non -rotating type. 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 150 - 
degree opposed slots in an extension of the mounting base. 
A simple spring is mounted between 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 between 1 and 10 inch -ounces (± 0.5 
inch- ounce) . Torque is controlled by an axial biasing 
spring between the bushing and the adjustment screw. This 

trimmer uses an embedded stator to increase capacitance. 
The MIL -Spec for piston trimmers is MIL- C- 14409C. 

This spec covers 15 different types of piston trimmers, plus 
concentric -shell air -dielectric trimmers. 

When to Use Piston Trimmers 
The prime advantage of a piston trimmer 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 "Q," and the ability 
to withstand unfavorable environments. 

Piston trimmers have been widely used in missiles, satel- 
lites, space vehicles, as wt ll as in other military and in- 
dustrial applications. Piston trimmers, for example, have 
been used in the Apollo 11 and 1'2 lunar modules, Gemini 
and Minutemen "birds," as well as in more down -to -earth 
equipment. 

On the other hand, piston trimmers are not recommended 
for extremely high capacitance or microwave applications. 
They are not the hest choice for frequencies above 1.0 
GIIz because the "Q" is reduced rapidly at higher fre- 
quencies and stray inductance causes self -resonance at 
about this frequency. 

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

How to Select Piston Trimmers 
Because such a wide range of piston trimmers is available, 

it's not always easy to select the best one for each specific 
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 be 
very precise. Further, 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 piston trimmers are also available, but 
they are not as widely used. They cost less, of course, and 
are there' 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 mechanism. 

i 
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Fig. 1. (A) Cross -section of a typical panel -mount piston trimmer. 113) 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 
dielectric on the basis of the capacitance, size, voltage, and 
"Q" required in your circuit. 

If size is not a problem, you will probably select an ordi- 
nary glass dielectric 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 dielectric. 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 30 percent 
greater and "Q" about 25 percent higher than ordinary glass 
types. 

If very high "Q" is required, quartz may be the solution. 
Quartz is expensive but its dissipation factor is extremely 
low. However, the dielectric constant is only about 3 so that 
the available capacitance is lower or the size must be in- 
creased. Quartz units can also provide better temperature 
compensation. 

Ceramic dielectric with a dielectric constant of 88 is 
called for when a low -cost high- capacitance trimmer is 
desired. The operating temperature range of ceramic piston 
trimmer capacitors is also higher, being -55 to +150 °C 
compared with -.55 to +I25 °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 bands 
may be employed. Obviously, reducing the distance between 
the plates increases capacitance. In a piston trimmer. we 
do this by embedding the stator metalization 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 are 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 increase ni 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 protection against dust and moisture. 
Sealed glass piston trimmers can also handle higher voltages, 
since glass has greater dielectric strength than air. If you 
anticipate a hostile environment, use a sealed unit. Other- 
wise a non- sealed piston trimmer is a better choice, since it 
costs less. 
4. Type of TC 

Temperature coefficient 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 ±50 ppm /`C 
to ±100 ppm / °C. The TC of quartz is better, generally 
about ± 25 ppm / °C. 
5. Type of Leads 

Once you have chosen the desired electrical characteris- 
tics, you will have to consider the problem of mounting. Pis- 
ton trimmers are available with a wide variety of lead types, 
but four styles are basic: panel -mount, 4 -wire printed -cir- 
cuit mount, 2 -wire printed -circuit mount, and lug and lead 
printed -circuit mount. If the trimmer is to be welded, rather 
than soldered, a dumet lead (a gold -plated nickel alloy) 
is preferred. 

Normally, panel -mounted piston trimmers are grounded. 
However. most panel -mount units can be ordered with nylon 
bushings to insulate them from ground. Top -end tuning may 
be desirable on a printed- circuit -mounted unit. This can 
easily be accomplished by using special miniature PC -mount 
trimmers. 
G. Type of Tuning Mechanism 

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 
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Mounting and top -end tuning of trimmers on PC board. 

(n) (B) 

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

which is better. Proponents of direct traverse mechanisms 
claim that rotating mechanisms cause reversals. They say 
that because the piston moves closer and farther away from 
the stator. capacitance sometimes changes in the wrong di- 
rection. This, of course, could be very disconcerting to the 
engineer or technician tuning the circuit. In truth, however, 
reversals are virtually unknown in precision piston trimmers 
of any type. Rotating piston trimmers are subject to flats 
(places where capacitance does not change when the tuning 
screw is 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 types by a ratio 
of at least 10 to 1. 

Another important factor in choosing a tuning mechanism 
is the number of cycles 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 (Fig. IC) rather 
than the simpler split -collet ( Fig. IA) 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 pattern that is an exponential function of distance, 
as shown in Fig. s.2A. Exponentia! metalizing is available as 
a "special" on almost any type 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 transformers. 

Fig. 213 shows the stator assembly of another specialized 
piston trimmer, the split- stator type. Because of split- stator 
metalizing, this is actually two capacitors in one. Each 
separate stator electrode has capacitance to the common 
piston. Thus, tracking is virtually error -free. Split- stator 
emits are ideal for push -pill applications. Another applica- 
tion is to reduce piston inductance by connecting to the 
two stator electrodes and insulating the moving piston. 

Another special configuration is obtained by differential 
metalizing. In this case two separate 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 stator 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- 
perature compensation, rather than capacitance. When you 
tune a variable -TC piston trimmer, TC changes from maxi- 
mum positive to maximum negative while the capacitance 
remains constant. This is accomplished by use of a special 
type of split- stator design in which the materials used and 
the construction of the piston are such as to change the TC 
depending on the position of the piston. The TC range of 
variations may be as high as ±800 ppm / °C. These units 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 circuits. 
The coil for the tuned circuit is a silver metalized inductor 
fired onto the glass tubular element at the same time as the 
capacitor electrodes are formed. 

Piston tuners are remarkably small, stable, and versatile. 
They can be used to provide precise timing 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 - 
earities as good as one percent and are capable of 30,000 
to 50,000 life cycles. 

A 4- 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 dielectric, 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's, 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. 
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The author graduated in Mechanical Engineering 
in 1963 from Gannon College, Erie, Pa. He has 
worked in various capacities 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. 

CERAMIC disc trimmer capacitors have been manu- 
factured in the United States for about 30 years and 
have become the most popular type used. During this 

time they have undergone an evolution in 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 is 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 disc 
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 disc -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 0.375 -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 
equipment designs which will not exceed 85° C, these trim- 
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 
to 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 trimmers are designed so that they 
will withstand life testing at twice their rated voltage at the 

MAX. RATED 

MIN. RATED 

o 90° 180° 
ROTOR ROTATION 

Fig. 1. Capacitance vs rotation for ceramic disc trimmer. 

270° 

Table 1. Capacitance change limits versus temperature. 

360° 

DIELECTRIC PERCENT CAPACITANCE CHANGE 
FROM VALUE @ 25 °C 

Nominal 
Constant 

Type 
Code 

-55 °C +85 °C +125 °C 

Min. Max. Min. Max. Min. Max. 

30 A -4.5 +2.0 -2.5 +2.0 -4.2 +3.4 

45 B -1.0 +3.5 -2.5 -0.5 -4.2 -0.8 
50 C -1.0 +6.5 -4.0 -1.0 -6.7 r -1.7 
57 D +1.5 +7.0 -5.0 -1.5 -8.5 -2.5 

90 E +1.75 +8.0 -5.75 -1.75 -9.5 -2.8 

180 F +6.0 +16.0 -11.0 -6.0 -15.0 -9.0 
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IA) These are the five styles of trimmer capacitors covered in MIL- C -81B. (B) Ceramic disc trimmers shown actual 
size illustrate the evolution in size over a period of 30 years. ICI Examples of 85° C -rated trimmer capacitors. 

maximum operating temperature for 1000 Iwur.: without 
serious degradation. Some ceramic dielectrics have voltage 
characteristics which make it necessary to de-rate the volt- 
age rating above 85° C. The early designs used dielectrics 
about 0.040 -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 monolithic construction, dielectrics less than 
0.005 in are common. Trimmers using this range of thick- 
ness are rated 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 dielectrics, ceramic trimmers are smaller than other 
types. Also with a wide choice of IC8 many capacitance 
ranges are possible. 

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

However, there are two reasons for limiting the use of di- 
electrics with K's exceeding 400. The first is that these dielec- 
trics are characteristically too thermally unstable for use 
in a trimmer. It would be very difficult to tune a circuit 
using such a trimmer because of the vague capacitance drift 
associated with the trimmer. The second reason is that a 
ceramic disc trimmer is actually two capacitors in series. 
One capacitance is due to the dielectric and the other due to 
the air gap between the dielectric and the stator. 'l'he 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 400, the increase in total capaci- 
tance is slight and sloes not justify the use of such materials. 

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

Geometric Shapes and Mounting 
The geometric shape of the trimmer and its mounting con- 

figuration have as much effect on its frequency character- 
istics as the dielectric. In the case of ceramic disc styles, the 
resonant frequency is in the 400 -600 MHz 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- 
quencies than disc ceramic styles. Glass trimmers are 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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tided upon, the mounting style must be investigated. There 
are a great many terminal configurations and mounting 
types available in all styles of trimmers. Ceramic trimmers 
offer a large number of printed- circuit, point -to- point, hori- 
zontal, vertical. and hardware mountings. The type of 
mountings available to fit an individual application is best 
determined from manufacturers' catalogues or by contact- 
ing the manufacturer directly. Most suppliers welcome 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 crimped, care should be taken that undue force 
is not applied to the terminals when they are crimped. This 
may physically damage connections or even break 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 which utilize organic materials, temperatures 
must be reduced to avoid damage. 

Flux during both the soldering and cleaning operations 
can cause problems. Flux residues can forma 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 
$.60 -.90 each 

Fine tuning, good TC, 
good high- frequency 
performance 

Fragile, relatively 
large in size 

Air disc 
$.25-.30 each 

Fast accurate tuning, 
high "Q," stable, good 
at r.f. frequencies 

Large in size, sus - 
ceptible to voltage 
breakdown and dirt 
contamination 

Air coaxial 
$1.75 each 

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

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

Mica compression 
$.10 -.15 each 

Large capacitance 
ranges, low cost 

Non -linear tuning, 
poor stability 

Ceramic threaded 
tubular 

$.04 -.05 each 

Low cost Poor stability 

Plastic 
$.15 -.20 each 

High "Q," good 
stability 

Limited in tempera - 
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 minimum to 
avoid washing away the lubricants 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 applied. 
Ceramic trimmers are available from domestic and foreign 

sources. Presently there are four U.S. suppliers as well as 
European and Japanese manufacturers. Table ? has been 
included for easy comparison of the various style trimmer 
capacitors currently available. 

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

THE Teflon trimmer capacitor has been made possible 
by the development of Teflon (duPont registered trade- 

mark) tetrafluoroethylene resins. These resins are members 
of the fluorocarbon family and possess unique electrical and 
mechanical properties which are highly desirable in trimmer 
capacitors. 

Teflon is often used for 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 100<, relative humidity). The 
material has exceptionally good thermal stability between 
-400° F and +ö00° F. The tetrafluoroethylene resins are 
excellent insulators and have high arc resistance. When 
exposed to an arc, the material vaporizes and leaves no 
carbonized path. The short -term dielectric strength of 
Teflon is quite high. varying around 500 volts per mil, 
depending on the thickness. The dielectric constant is low 
(approximately ?A?) and is unchanged from 60 Hz to 
3000 MHz. 

Because the dissipation Factor of Teflon is small-less 
than 0.0003 from 00 Hz to 3000 MHz, "Q" is relatively high. 
"Q" will also be quite constant over a wide frequency range 
because the dissipation factor is quite constant. Data ob- 
tained from a batch of Teflon trimmer capacitors is shown 
in Fig. 1. 

When tetrafluoroethylene resin is properly used as a di- 
electric, one can obtain a capacitor which is electrically 
stable over a wide range of conditions. The Teflon trimmer 
capacitor, constructed as shown in Fig. q, 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 
tightly into the Teflon. This method of construction also 
keeps all foreign particles, such as dust, moisture, and solder 
flux, from contaminating the dielectric and degrading the 
performance of the capacitor. 

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

Capacitors using Teflon as a dielectric may also be con- 
structed by two other methods: (I) substituting Teflon for 
air in a multi -plate capacitor, and (q) sliding a Teflon 
coated rotor in or out of a shell. Neither method utilizes 
Teflon to its fullest advantage because air is not completely 
eliminated. 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 suffer from break- 
down. The trimmer is especially useful in filter networks 
that require careful adjustment and long -term stability. 
Test -equipment manufacturers have found it ideal for use 
in equipment subject to extreme environmental conditions 
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where moisture, dust, or shock could disrupt other types of 
capacitors. Circuits used over very wide frequency ranges, 
especially in the v.h.f. and u.h.f. regions, will benefit from 
the exceptionally stable "Q." A limitation of this capacitor, 
however, is the maximum capacitance that can be easily 
obtained. Values above ö pF are not common in this type 
of trimmer capacitor. 

'l'he unique mounting features of this trimmer provide two 
distinct advantages: ( I ) It can be readily used in circuits 
where minimum lead length is of vital importance. (?) The 
printed- circuit mounting features of the device enable it to 
be placed directly on the PC board by modern assembly 
equipment. Panel -mounted versions are also available. 
Typical prices are from 40¢ to 60¢ in small lots. 
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Four common versions of Teflon dielectric trimmer capac- 
itors showing the various mounting configurations used. 
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