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NRI “hands-on” training in
Television, Communications,
Electronics and Computers
can give you as much

as 2 years of on-the-job
experience.

ad

EARN YOUR FCC LICENSE — OR YOUR MQONEY BACK

NRI Communications training programs wil qualify you for a First Class Commercial
Radiotelephone License issued by the FCC. If you fal to pass the FCC examinations
for this license after successfully completing an NRI Communications course we will,
on request. refund in full the tuition vou have paid. Thrs agreement is valid for the
period of your active student membership and for six months after completion of your
training, No school offers a more liberal FCC License agreement.




@ NUww

Experience is still your best teacher

- o

NR/ AChieVement Kit is educator-ac-

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and
personalized for you and your training objective. It has one
purpose — to get you started quickly and easily.

I7fs J¢ 9 ’”

BIte'SIze TeXtS average an easly-digested
40 pages of well-illustrated, scientifically prepared subject
matter in the course of your choice. Questions in each book
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

Designed-For-Learning Equipment
Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up ‘o demonstrate
principles you must know. NRI does not use modified hobby
kits for training, but the finest parts money can buy, pro-
fessionally and educationally applied.
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... here’s how you get it with
unique NRI training at home

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He’ll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That's how you learn at home
with NRI. You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you'll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-shooting and design tech-
niques that will make you employable in Electronics.

Train with the leader— NRI

NRI lab equipment is designed from chassis up for
effective, fascinating training — not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone cw transmitter. It's suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
.. . or use the coupon below. No obligation. No
salesman will call on you. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW GI BILL

If you have served since January 31, 1955, or are in service
now, check GI line on postage-free card or in coupon.

MAIL THIS COUPON IF CARD IS GONE

______________________ 1
NATIONAL RADIO INSTITUTE :
Washington, D.C. 20016 1-111 |
Please send me your new NRI Catalog. | understand |

: no salesman wifl call and there is no obligation. :

: Name._ S Age_ :

IAddress, - S :

| |

| City S State Zip. |

! [] Check for facts on new Gl Bill !

!_ ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL J
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“Verry Heavy.” That's the re-
cording artist’s hip way of ex-
pressing satisfaction after a
recording session because
every single sound has been
captured exactly as it was
created. Ultimate fidelity. Audio
perfection. And chances are it
was achieved on Ampex sound
equipment. Which is why
Ampex is in 90% of the world’s
recording studios.

Now for the first time, you can
experience virtually this same
studio versatility and quality at
home. We created the AX-300
for the man who has a passion
for true, pure sound. The audio
perfectionist. And because the
AX-300 has more professional
innovations than others, we
dubbed it the 45 Lb. Studio.
You’'ll soon see ... and hear. ..
why it warrants this distinction.
The AX-300 is a six head bi-
directional stereo tape deck.
The Ampex Deep-Gap heads
are symmetrically located so
that tape is always pulled over
heads in either direction for
better tape-to-head interface.
3 motor drive system. Heavy
duty hysteresis synchronous
capstan motor assures steady,
even tape motion regardless
of voltage fluctuations.
Symmetrically arranged push-
buttons control all tape motion
functions thru positive action
solenoid operation.

Exclusive motion sensing con-
trolied solid-state logic circuit
prevents tape stretch, breaks
and spills, even when changing
from fast wind directly to play.
Built-in studio 4 line mixer. 4
separate controls let you mix 4
independent sources for mono,
or 2 stereo sources for stereo
recording.

Function programmer. Oper-
ates independently of mixer
panel and allows total record-
ing and playback convenience
with choice of stereo operation,

THE AMPEX

.' Vv u"b 0.

channel 1 mono, channel 2
mono, sound-on-sound or
sound-with-sound. All pro-
grammed internallv without ex-
ternal patching.

Stereo echo effect. Allows addi-

Very H

eavy

tion of controlled feedback in
both channels without the use
of external patchcords.

Controlled bandwidth. Built-in
active filtering limits the band-
width to allow full bias, provides

g

extremely clean recordings
throughout the audio spec-
trum. Provides extremely high
signal-to-noise ratio, virtually,
eliminates intermodulation dis-
tortion and dropouts.
Externally adjustable bias and
VU meter calibration. Auto-
matic reverse and repeat piay.
Pause/edit control. Variable
noise reduction filter. Source/
tape monitoring. 6 solid state
pre-amps. Auto shut-off. 3-
speed operation. Optional re-
mote control. Plus many more
features we simply don't have
room to list.

AX-300 means studio innova-
tions, studio capabilities for the
audio perfectionist. One of the
most technically versatile
decks you can buy. Yet it's a
breeze to operate. We built in
everything you need. And noth-
ing you don't.

For in-depth coverage of all
the features of the AX-300,
order the AX-300 instruction
manual. Just send $1.00 to
cover postage and handling to
Ampex, Dept. 300, 2201
Landmeier Road. Elk Grove
Village, lllinois 60007. Or stop
by your audio dealer and ask
him about the AX-300. And be
prepared to do alot of listening.
The 45 Lb. Studio

Very Heavy, Indeed!
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Now, Find the Circuit You
Need-in Minutes!

ALL NEW!

Over 3,000 advanced elec-
tronic circuits in one mas-
ter volume. Locate any
application in minutes
Beats any computer re-
trieval system now in

existence — for speed . . .
variety and range of cir-
cuits offered.

JUST OFF PRESS!
Electronic Circuits Manual

by John Markus

Over 950 pp., 8% "x11", $19.75
More Than 3,000 lliustrations

For hobbyists experimenters engineers
technicians. Includes all latest developments
in sohd-state components...integrated circuitry
electronic tube designs. First use pays for book
many times over.
115 new operational amplifier circuits 93
motor control circuits 39 lamp dimmer cir-
cuits 56 automotive circuits . . . 23 optoelec
tronic circuits 64 counter circuits—and over
2,000 more!

Special Features

* 99 chapters group similar circuits for easy
comparison

* Complete data on all component values

* Concise descriptions of significant circuit
features, performance and operating data,
and source citations

* Circuits arranged for quick, accurate eval
uation of advantages and drawbacks

* Many outstanding designs from other
countries

Partial Contents: Audio Control Circuits. .. Auto
motive Control & Ignition Circuits Code Cir
cuits Flasher Circuits Hobby Circuits
High-voltage Circuits Lamp Control & Dim
mer Circuits Metal Detector Circuits
Power Supply Protection Circuits Tachom
eter Circuits Telephone Circuits . and
many, many more!

10-Day Free Triai-Order Today!

McGraw-Hill Book Company
330 W. 42nd St., N.Y,, N.Y. 10036

Please send me Electronic Circuits Manual
(040444.5) for 10 days on approval. At the end
of that time 1 will remit $19.75 plus local tax,
postage, and handling or return the book and
owe nothing. (This order subject to acceptance
by McGraw-Hill.)

Offer good only in the U.S.

l-----------
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By Milton S. Snitzer, Editor

ELECTRONICS AND NOISE POLLUTION

Occasionally we run articles on how electronics is helping to fight
noise pollution. Those of us who live in or near urban areas don't have
to be told about the constant harassment on our eardrums by blaring
auto horns, roaring mufflers, and clangorous construction work. Our
homes are not peaceful havens for quiet contemplation either, with their
clattering appliances, excessively loud sound systems, and traffic
noise from outside. Most of all of this is a result of our basic
insensitivities to our own and our neighbors’ ears.

There is a Federal Occupational Safety and Health Act which specifies
noise exposure standards for workers in industry. If noise levels in
industries can't be reduced to be acceptable, as measured by electronic
sound-level meters, then the industry must provide employees with
some form of ear protection. The same sort of protection must be given
to ground workers at airports near jet planes.

On the home front, the Environmental Design Dept. of the University
of Wisconsin (under the sponsorship of stereo-headphone maker Koss
Electronics), recently studied just how noisy our homes are. Sound
pressure levels measured in kitchens for range-vent fans, blenders,
dishwashers, knife sharpeners, garbage disposers, and mixers were in
the range of 70 to 90 dB. The report stated that the annoyance threshold
for intermittent sounds is between 75 and 85 dB, at which level,
involuntary nervous responses begin to narrow the arteries, raise blood
pressure, and reduce the supply of blood to the heart. The researchers
urged appliance manufacturers to design for minimum noise levels—
say under 65 dB. Otherwise, housewives may have to wear special
noise-reducing headphones around the home.

A New York City bank took a full-page newspaper ad the other day
urging prevention of noise pollution. Some of the suggestions they
got from readers included: have a 24-hour city phone number for reports
of noise violations; have emergency vehicles equipped with distinct
two-note horns, rather than screaming sirens; authorize citizens
to hand out noise summonses; rig cars so that they can only blow their
horns when standing still; put an extra auto horn above the driver as
well as under the hood; don't give tips to cab drivers who blow horns
unnecessarily; and make construction and utility companies provide
soundproof self-inflatable bubbles to cover sites where pneumatic
drills are used. Shortly thereafter, Mayor Lindsay proposed a
comprehensive noise-control code that would set specific noise-level
standards for construction equipment, air conditioners, PA systems,
garbage trucks, emergency sirens, and other city noises.

Of course, electronics can certainly help measure and monitor
noise levels in industry, in the home, around airports, and in our
streets. But it's up to each of us to do his share in fighting the
real battle against noise pollution.
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INTERFACE

THOSE RMS POWER RATINGS AGAIN

In response to the letter from Marc Saul
(“Interface,” August 1971), I take exception
to his statements concerning the so-called
“rms power” ratings. While it is true that
the square of the rms value of the output
voltage divided by the load resistance
yields an average power, it does not fol-
low that there is “no such thing as rms
power.” The power curve produced from
an rms voltage and current in a resistive
circuit is a sine-square function rather than
a sine wave. But all such functions have an
rms value. The rms value of a power curve
in a resistive circuit happens to be 0.6124
of the peak power.

Although I object to Mr. Saul's disclaimer
of an rms power value, it is true that it is
not useful. I also agree that the present
usage of rms power should be dropped and

replaced by a term with more accuracy.
Continuous power could be used, although
it, too, is incorrect without specifying the
time interval over which it is continuous
in order to show deficiencies due to thermal
limitations in the amplifier.

All in all, 1 think the Federal Trade
Commission has a real job on its hands in
attempting to adopt a standard power rat-
ing. And | expect a compromise based on
several of the proposals. But this compro-
mise will most likely still be technically
incorrect.

Raymond J. Cox
Willingboro, N.J.

DISAPPOINTED AT POLL RESULTS

I was very much surprised to read in the
August 1971 “Opportunity Awareness" col-
umn that there was very little response to
your January poll regarding a home medical
electronics course. 1 see more and more
electro-medical equipment coming into hos-
pitals each vear with hospitals just now
beginning to realize that they will need
qualified people to maintain it. and 1 see
very few training programs to meet this ex-
panding need.

Hence. 1 was surprised at the relatively
few responses. At a time when most of the
economy is not expanding, I would think
young graduates would be looking at the

the tape that
turned the
cassette into
a high- fidelity
medium

tape distinctively differs from standard formulations in such

Until TDK developed gamma ferric oxide, cassette

recorders were fine for taping lectures, conferences, verbal
memos and family fun—but not for serious high fidelity.

Today you can
choose among
high-quality  § p ‘J .

stereo [ o
cassette
decks,

o| | | meteeecs aporout awmgeney
(I

The new magnetic oxide used in TDK Super Dynamic

important properties as coercive force, hysteresis-loop
squareness, average particle length (only 0.4 micron!) and
particle width/length ratio. These add up to meaningful
performance differences: response capability from 30 to

® v
TDK SUPER DYNAMIC (SD) TAPE

20,000 Hz, drastically reduced background hiss, higher
output level, decreased distortion and expanded dynamic
range. In response alone, there's about 4 to 10 db more
output in the region above 10,000 Hz—and this is

immed;ately evident on any cassette recorder, including
older types not designed for high performance. There's a
difference in clarity and crispness you can hear.

Available in C60SD and C90SD lengths.

TDK ELLECTRONICS CORP.

LONG IBLAND CITY, NEW YORK 11703
CIRCLE NO. 30 ON READER SERVICE PAGE
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Just a few of the projects for which
we’ve got solid state devices.

All in one package

For only $4.95

If you bought the semiconductors for any one of these projects separately,
they'd cost about seven bucks. Be our guest for $4.95. And treat yourself to
an easy, really fun electronic project with a really useful product on the other end.

The electronic timer is in great demand for darkroom and photography

work, at sports events, etc. The automatic '‘porch’ light and burglar alarm
are, shall we say, quite timely. The TV commercial killer works off a regular
flashlight, for stay-seated dousing of objectionable commercial audio. The code
practice oscillator, the garage door switch, the alarm clock — all are
excellent projects you'll be proud to have completed.

This project package (HEK-4) includes all five semiconductors needed, and a
brochure with directions and circuit schematics for all projects (plus bonus
project). Look for it. At your HEP supplier now.

Happy soldering. - =

=
MOTOROL A

HE MOTOROLA HEP Semiconductors

P. O. Box 20924, Phoenix, Arizona 85001

BEMICONOUCTORS
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SQUARE DEALS

BY REALISTIC AT OVER 1100
RADIC SHACK STORES )

Our Exclusivq L e
Weatheradie /
/ AT R

“Talking : .
Barometer” e

14%

Paid*

Touch-
It's
ON

-
~n "'A: ~® Ty
S sry p

M
Deskube

15%

Paid®

]

/

A Touch-
It's

OFF

e o g
B ey

m 7

Deskube
99

Paid*®

| PRE
SET
Controls

Unique 3" Square Matching Radios
Our Weatheradio gets 24-hour U.S. Gov't. weathercasts
on 162.55 MHz. it's battery powered and pre-set for
instant, automatic listering. Just touch the Play Bar to
turn on-off. Simulated rosewood
Our FM Deskube gets good music instantly, auto-
matically. Hidden controls—pre-set any station, tune it
in again and again w:th a touch of your finger. AFC,
telescopic antenna, battery powered.

Our AM Deskube makes it a threesome. Get compiete
three - radio coverage that covers only 27 square inches.

FREE | Mo @Aﬂ/ﬂ SHALK
Catalog gl":lé; M amanoy CORPORATION COMPANY

2725 West 7th Street Fort Worth, Texas 76107

® hnywhers i (IS4 464 four Stols Lecal Tan
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possibilities in the medical community. It's
an exciting time to become involved if a
person is genuinely interested in providing
the technical support medicine now re-
quires by its ever-increasing reliance on
electronics.

Please reconsider your plans to “shelve
your campaign.” Instead, I believe you
should publicize more the growing oppor-
tunities in medical electronics.

Burton R. Klein
Medical-Electronics Engineer
Director. Medical-Electronics Dept.
Tufts—New England Medical Center

MAGNETIC REPULSION, TOO

I just read J. Gordon Holt's “15 Things
We Do Know About Phono Cartridges” (June
1971). After reading about magnetic attrac-
tion between a magnetic cartridge and an
iron or steel turntable. I thought you might
be interested in knowing that there is also
a magnetic repulsion force at work. When a
magnet moves over a conducting surface or
vice versa, currents are induced in the con-
ducting surface, tending to form an image
magnet.

The formation of the image magnet causes
a repulsive force to be applied to the magnet.
The strength of this repulsive force is de-
pendent on the relative velocity of the con-
ducting surface (turntable) and the conduc-
tivity of the surface. The newer aluminum

| turntables exhibit a stronger repulsive force

than do ferrous turntables. The repulsive
force is greater near the outside of the turn-
table and reduced toward the inside because
the relative velocity of the cartridge over
the turntable is greater near the outside than
it is near the center. Though the repulsive
force is small, with cartridges tracking at one
gram or less. it might be noticeable since
the repulsion would cause the tracking force
to be less than when measured statically.
JOHN R. MALIN
Physics Dept.
Polytechnic Institute of Brooklyn
Brooklyn N.Y.

WORDS OF APPRECIATION

The format and contents of the articles
in POPULAR ELECTRONICS are exception-
ally good—the best I have seen in any
magazine to date. Articles concerning the
state-of-the-art devices newly introduced to
the hobbyist market I find interesting both
as a means of education and as construction
stories. The only improvement I can think
of now is that you go to a larger size
magazine and put more in each issue. Keep
up the good work.

E. R. Marshburn
Fort Valley, Ga.

POPULAR ELECTRONICS



Because emergencies don't wait to happen.
They interrupt.

That's why we created the new Cobra
28 Citizen's Band radio. With the Cobra 28,
if a distress call comes in on emergency
Channel-9, it's going to butt in on you. No
matter what channel you're operating on.
You can be transmitting or receiving on any
one of the Cobra 28's other 22 channels and
still be monitoring Ch-9 at the same time.

This practical new feature is called the
Emergency Channel-9 Scan-Alert, and you
get it on the Cobra 28.

Here's how the Scan-
Alert works. Just slide
the Ch-9 Scan switch to
‘'scan” position. Then if
you're operating on any
of the other 22 CB chan-
nels and an emergency
call comes in on Ch-9,
it'll cut right in on what-
ever frequency you're al-
ready on. After the call
has been received. the

Why buy a CB radio
that butts in on your
conversation?

L.
0 &

S\

Scan will then return to the channel you
were on prior to the emergency call.
Then if you decide you want to transmit
on Ch-9, just flick the Ch-9 HOLD switch
and you're then locked into Ch-9 inde-
pendently of the channel selector switch.

So now you can transmit and receive on
Ch-9 without resetting the channel selector.

Of course, the Ch-9 Scan-Alert is switch-
able. Just turn the Scan switch to the “off"
position if you don't want Ch-9 to butt in
on you.

Also included in the new Cobra 28: Full
5 watts power with Dynaboost speech com-
pression, RF Noise blanker, automatic noise
limiter, PA system output, Delta tune con-
trol, ANL/NB switch, channel indicator
lights, PWR/S Meter and many other fea-
tures that make the Cobra 28 the most com-
plete Mobile CB radio at
a fantastic price.

This new Cobra is the
perfect way to help with
emergenciesinyour area.

So butt in on your lo-
cal CB dealer and ask to
see the new Cobra 28.
Or write us direct for
more information.

23 Channel CB Radio with
Ch-9 Scan-Alert $169.95

COBRA 25

Product of DYNASCAN CORPORATION e 1801 W. Belle Plaine e Chicago, lllinois 60613

CIRCLE NO. 36 ON READER SERVICE PAGE
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Professional or CB...we use
identical components. You
get identical performance.

Police communicators demand
the things you want in a mobile
antenna, Maximum range,
Reliability. Long life. That's why
A/S mobile CB antennas are
built exactly like their professional
counterparts—used by 9 out of
10 police vehicles, Put John Law's
experience to work in your mobile.

M-176 Quick Grip®
CB antenna. Only

$21.95 e)‘-qg. \

(suggested resal

Be an ‘‘antenna specialist!”’ These top quality
jackets with safety reflector stripes avaiiable
only from your A/S dealer—just $8.95.

|F

12

the antenna
specialists co.

® “Stripes of Quality™

Div. of m Electric & Equipment Co.

12435 Euclid Ave., Cleveland, Ohio 44106
EXPORT: 220 Shames Dr., Westbury, L.l., New York 11690
CANADA: A. C. Simmonds & Sons, Ltd,

ABC’'S OF CAPACITORS, Second Edition
by William F. Mullin

This book bridges the gap between engineer-
ing technology and practical circuit theory.
Written in an informal, easy-to-read style,
it begins with the basics of capacitor op-
eration and includes a brief discussion of
the early history of the capacitor. It goes
on to describe how various types of
capacitors are made, their typical charac-
teristics and applications, points to consider
when selecting replacements, and several
practical testing and measuring methods.
This revised edition contains information
covering the latest developments in capacitor
design and construction, including the mono-
lithic or “‘chip’ ceramic type.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St.. Indianpolis, IN 46268.
Soft cover. 112 pages. $2.95.

EVEREADY® BATTERY APPLICATIONS
AND ENGINEERING DATA

What you don't know about batteries could
fill a good-sized volume. and to prove it,
the people at Union Carbide have crammed
into this 752-page manual all sorts of in-
teresting tidbits about primary and second-
ary batteries. Every type of battery (carbon-
zinc. alkaline. Ni-Cad, mercuric-oxide, silver-
oxide. and lead-acid) is given comprehensive
treatment, and a new line of Eveready
“Hustler" fast-charging nickel-cadmium bat-
teries is introduced. The descriptions include
both electrical and mechanical specifications.

Published by Union Carbide Corp. Consumer
Products Division. 270 Park Ave.. New York,
NY 10017. Soft cover. 752 pages. $6.95.

ENGINEERING CIRCUIT ANALYSIS,
Second Edition
by W.H. Hayt, Jr. & J.E. Kemmerly

This book is intended for use with a first
course in electrical engineering in conjunc-
tion with an introductory course in physics
in which the basic concepts of electricity
and magnetism are introduced. Only a basic
course in the differential and integral calculus

POPULAR ELECTRONICS



Find yourself in the Air Force.

CIRCLE NO. 32 ON READER SERVICE PAGE
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Vv ;
Technical

excellence
in electronics

On our small, friendly campus
the emphasis is on Living as
well as Learning. Extra-curric-
ular social activities, student
clubs. a student operated radio
station. student government,
new dormitory and a full sports
program help provide a world
of vour own in which to prepare
for tomorrow. Associate Degree
in Engineering Electronics. B.S.
obtainable. G.I. approved.

VALPARAISO TECHNICAL INSTITUTE
\ Dept. PE, Yellowstone Trail, Valparaiso, Indiana 46383

CIRCLE NO. 34 ON READER SERVICE PAGE

AR guarantees its
published specifications

At Acoustic Research we believe
that the publication of complete
performance data on our high fi-
delity components is obligatory.
Otherwise, our guarantee would
have little meaning.

Find out just what AR guarantees
that its products will do. Mail the
coupon below, and detailed tech-
nical literature will be sent to you
free of charge.

Acoustic Research, inc.

24 Thorndike Street
Cambridge, Mass. 02141
Dept. PE-11

Piease send measured performance data
on AR products to

Name

Address

CIRCLE NO. 1 ON READER SERVICE PAGE
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need be considered as a prerequisite to
reading this book. Circuit elements are intro-
duced and defined in terms of equations
and only incidental comments are offered
about the pertinent field relationships. The
book is written to the student—not the
instructor—so that the text can be used for
self-study.

Published by McGraw-Hill Book Co., 330
West 42 St., New York. NY 10036. Hard
cover. 654 puges. $15.50.

AMATEUR RADIO NOVICE-CLASS
LICENSE STUDY GUIDE

The lack of books written for the rank be-
ginner to amateur radio has made it diffi-
cult for the newcomer to surmount the
Novice exam theory requirements, forcing
all but the most eager bookworms to find a
friendly ham or radio club to fill in the
gaps. This new book. however, is so simply
written (by the staff of 73 Magazine) and
easy to understand that it is difficult to see
how one reading will not equip the reader
to pass his FCC exam. The reason for this
is that the book was written solely for
those people who know nothing about
technical electronics and want to become
ham radio operators.

Published by Tab Books. Blue Ridge Sum-
mit. PA 17214. 160 pages. $6.95 hard cover,
$3.95 soft cover.

UNDERSTANDING OSCILLATORS
by Irving M. Gottleib

Oscillator circuits seem to pop up. in end-
less variety, almost everywhere you look
in electronic equipment. Yet, the ancestry
of each of them can probably be traced
back to one of the basic oscillators found
in this new book. The bock discusses well-
known oscillators, such as the Hartley and
the Colpitts, as well as some not-so-well-
known ones, such as the Meissner, the
Meacham Bridge, the Franklin, etc. The text
discusses what the technician and engineer
wants and needs to know about oscillators:
how they work, their strong and weak
points, and how they are used in practical
applications. Equally thorough treatment is
given to both tube- and transistor-type
oscillators.

Published by Howard W. Sams & Co.. Inc.,
4300 West 62 St., Indianapolis, IN 46268.
Soft cover. 160 pages. $4.50.

BASIC PRINCIPLES OF ELECTRONICS,
Volume 2
by J. Jenkins & W. H. Jarvis

The fact that this book is “Volume 2" does
(Continued on page 100)
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Popular Electronics

free information service:

Here's an easy and convenient way for you to get additional information about
products advertised or mentioned editorially (if it has a ‘‘Reader Service
Number") in this issue. Just follow the directions below. ..and the materiai
will be sent to you promptly and free of charge.

1 On coupon below, circle the number(s) that
B corresponds to the key number{s} at the bot-
tom or next to the advertisement or editorial men-
tion that is of interest to you. (Key numbers for
advertised products also appear in the Advertisers’
Index.} Print or type your name and address on the
lines indicated.

2 Cut out the coupon and mail it to: POPULAR ELECTRONICS,
m P.0. Box 8391, Philadelphia, PA 19101.

note. If you want to write to the editors of
8 POPULAR ELECTRONICS about an article
on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inquiries concerning circulation
and subscriptions should be sent to POPULAR

ELECTRONICS, P.0. Box 1096, Flushing, N.Y. 11352,

Void after Oecember 31, 1971
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TURNER PUT
A LOT INTO
THE M-3
MOBILE
MICROPHONE

o o ot o

Modu-Gard”
Compression circuit
to prevent over
modulation, ensure
constant output.

Slide-Action
Volume Control
Positive action,
precision adjustment
for transistorized pre-amp.

Modern Styling
An easy-to-grip design
so distinctive it's patented.

Hypalon Cord
Blue coil cord with a memory,
keeps its shape without stretching.

The Turner Name
Superior product design,
manufacturing and quality—made in USA.

YOU’'LL GET
A LOT
OUT OF IT.

TURNER DIVISION
pOl NR/A| C{
CORPORATION

909 17th Street N.E.,

Cedar Rapids, towa 52402
Telephone (319) 365-0421

-
CIRCLE NO. 31 ON READER SERVICE PAGE
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NEW
LITERATURE

To obtain a copy of any of the catalogs or
leaflets described below, fill in and mail the
Reader Service Page 15 or 99.

A new series of miniature “tini-telephone”
patch cords and replacement cords are de-
scribed in a product bulletin from Switch-
craft, Inc. The literature provides detailed
features of the new series TT-840 and
TT-860 cords, such as bronze tinsel con-
ductors covered with durable moisture-proof
thermoplastic insulation, a braided shield
(75% coverage), and braided black nylon
outer jacket for longer life and service.

Circle No. 75 on Reoder Service Poge 15 or 99

Hard-to-find precision and special-purpose
tools are listed in a 40-page catalog just
issued by Brookstone Co. The firm's 3rd
1971 expanded edition contains scores of
new and extremely useful tools rarely sold
by industrial distributors or found in hard-
ware stores. Listed are both power and
hand tools for the machinist. woodworker,
technician, designer, and maintenance and
service personnel. Each tool is fully
described. with a photo and price listing.

Circle No. 76 on Reoder Service Poge 15 or 99

Electric soldering irons. tips, and related
accessories are the subject of the Hexacon
Electric Co. 32-page catalog titled “Solder-
ing Tips For 1971.” The indexed catalog
describes the company's Durotherm. Xtradur,
and copper tips. supported by more than 250
sketches of the most popular tip sizes and
shapes. Engineering data. giving detailed
specifications of base materials and coatings
of various grades of tips. are included. A
tip selection guide describes the effects of
tip length. diameter. and point shape in
various applications. Selective tinning and
ceramic dielectric coatings are also describ-
ed.

Circle No. 77 on Reoder Service Poge |5 or 99

A new 22-page catalog that describes AR's
complete line of hi-fi components and deals
with some of the more technical aspects of
the design of acoustic suspension woofers
(Continued on page 101)
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l 1972 LAFAYETTE
- CATALOG 720

JUST OFF THE PRESS!!
SEND FOR YOUR EXCITING COPY NOW!

3
; RNy o

I e e | 7S 3
P e 1.{('.;‘

YOUR 1st GUIDE TO

EVERYTHING IN
ELECTRONICS ;
&

=" p—

1972 P
. LAFAYETTE o

The Latest in 4—Channel Stereo Sound

* CITIZENS BAND * PUBLIC ADDRESS * PHOTO EQUIPMENT
2-WAY RADIO * AMATEUR RADIO * TOOLS—BOOKS

* STEREO/ HI-FI * TEST EQUIPMENT % AUTO ACCESSORIES
COMPONENTS * PARTS * EDUCATIONAL

xMUSICAL INSTRUMENTS * PORTABLE AND AND OPTICAL
AND AMPLIFIERS TABLE RADIOS * TV AND ANTENNAS

Your Complete Buying Guide to Everything in Electronics

LAFAYETTE Radio ELECTRONICS l Send me the FREE 1972 LAFAYETTE Catalog 35 11 l
Dept.35 111 P.0. Box 10 i
Syosset, L.1., N.Y. 11791 Name |
]
| Address "
Mail the Coupon Today L
t , State 1
for your FREE Lafayette Y i
Cotalog Zip R .
| (please include your Zip Code No.) |

CIRCLE NO. 18 ON READER SERVICE PAGE
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Train on this
315 sq. in.
picture

color TV
and get the
skills that
mean a
high-paying
career!

S0lid-31ale — (e newest development

Gount on NTS [raining (o always
[ealure the latest elecironic equipment.

Now included in two

exciting NTS color TV courses,
this set is the largest, most ad-
vanced color television made.
Guided by the NTS *'Lab-Project
Method" of combining profes-
sional kits and easy-to-follow
lessons. you build this color TV
step by step — learning TV Serv-
icing as you go! NTS has suc-
cessfully trained thousands of
men at home for rewarding
careers as electronics techni-
cians. Prepare for the great
opportunity fields of TV-Radio
Servicing, Computers, Communi-
cations. and Automation.

This solid-state color set

contains: 45 transistors, 55 di-
odes, 2 silicon controlled recti-
fiers, and 4 advanced Integrated
Circuits representing an addi-

18

tional 46 transistors and 21 di-
odes. The first solid-state color
TV this large — yours to keep! It
features Automatic Fine Tuning;
“Instant On'’; an Ultra-Rectangu-
lar Screen (25 in. diagonal meas-
urement) that lets you see the
complete transmitted image for
the first time — a full 315 square
inches; exclusive built-in Self
Servicing features which elimi-
nate the need to buy costly test
equipment; exclusive design
Solid-State VHF Tuner with an
MOS Field Effect Transistor; 3-
stage Solid-State IF; Automatic
Chroma Control; Adjustable
Noise Limiting and Gate Auto-
matic Gain Control; High Resolu-
tion Circuitry; Matrix Picture
Tube; and a specially formulated
Etched Face Plate that eliminates
unwanted glare, and heightens
contrast. Colors are more vivid,

fresh tones more natural, and the
picture is sharper than ever be-
fore. By training on this unique
color TV. you'll gain the most
up-to-date skills possible in TV
Servicing!

Other valuable equipment you
build and keep includes an AM
SW Radio. Solid-State Radio,
FET Volt-Ohmmeter, and Elec-
tronic-Tube Tester. All included
in your tuition. You learn trouble-
shooting, hi-fi, multiplex sys-
tems, stereo, and color TV
servicing. Step right into a tech-
nician's job at top pay or open a
business of your own! For com-
plete details on all NTS elec-
tronics courses, mail the coupon
today for the full-color NTS Cat-
alog. No obligation. No salesman
will call.

POPULAR ELECTRONICS



Build this set
and learn
solid-state
circuitry— the
electronics
of today!

In color

NTS ELECTRONICS &
COMPUTER TECHNOLOGY

Build this exclusive NTS Compu-
Trainer! Loaded with integrated cir-
cuits, it shows you the how, what,
and why of computers. Learn this
exciting field faster. more thorough-
ly. You also assemble and learn to

operate an FET e
Volt-Ohmmeter l' ‘ L.
and 5" I . [
wide band [

Oscillo Filea -
scope ~48-

“a
o T —
e O

NTS BLACK & WHITE
TV AND RADIO SERVICING

Learn all phases of television. radio.
stereo, and hi-fi. You receive this 74
sq. in. picture Solid-State B&W TV,
Lo-Sitho *'Superhet” Radio. FET
Volt-Ohmmeter. Solid-State Radio,
Electronic Tube Checker, and Signal

Generator. N

Start —
: = —
I,'\

=

money
even be-
fore you
complete
the
course!

earning
= 1

extra
\

NTS ELECTRONICS
COMMUNICATIONS & F.C.C.

Gain the security and prestige of
owning an F.C.C. First Class Radio-
Telephone License! Two compre-
hensive NTS courses cover the big
opportunity field of transmitting and
receiving. You build 14 kits, includ-
ing a 5 watt AM Transceiver, 6
Transistor Pocket Radio, and FET
Volt-Ohmmeter.

Learn 2-way o e
radio, Citizens g Ty
Band, micro-

waves and

@ saicg

NTS INDUSTRIAL &
AUTOMATION ELECTRONICS

Automation is the future of industry
and you can play an important part!
Learn industrial controts by training
on the NTS Electro-Lab — a com-
plete workshop. You also build and
operate this 5" wide band Oscillo-
scope. And you
perform experiments
that involve
regulating motor
speeds, temperature.
pressure, liquid
level, and much
more.

v @
‘@ n
o PO0eren

o o9
‘@

[V — comes 10 home [raining.

Classroom Training

at Los Angeles. You can take classroom
tralning at Los Angeles in sunny South-
ern California. NTS occupies a city biock
with over a million dollars in technical
facilities. Check box In coupon.

APPROVED FOR VETERANS
Accredited Member: National Associ-
atlon of Trade & Technical Schools;
National Home Study Council.

NATIONALGEED SCHOOLS

WORLD-WIOE TRAINING SINCE 1905
4000 South Figueroa Street, Los Angeles, Calif. 30037
Please rush Free
Color Catalog and "
Sample Lesson, plus .um

information on course
checked below. No ?
obligation. No sales- W
man will call

National Technical Schools
4000 S. Figuerca St.
Los Angeles, Calif. 90037
Master Course in Color TV Servicing
Color TV Servicing (For Advanced
Technicians)
Master Course in B&W TV & Radio
Servicing
Master Course in Electronic
Communication
Practical Radio Servicing
FCC License Course
Masier Course in Electronics
Technology
Indusirial and Automation Electronics
Computer Elecironics
Basic Electronics
High School at Home Duvpt 205111

.

Name Age
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When you jump,
it’s just you.

Airborne is an outfit that can show you who you are.
Somebody who counts. One of a special breed of men.

When you jump, it's just you. Every time is like the first
time. You get that jolt in your gut. The world turns at your feet.
You know who you are.

Join this special breed. Get a special knowledge of
yourself. Go Airborne. You'll get the best training there is.
You'll get into better shape than you've ever been in. You'll
get the extra money they call jump pay. You'll be somebody.

And in today's Army, if you pack the gear, the top has
no roof. There's never been more opportunity. For education.
For advancement. To see some of the world. To know some
of the people in it. To get to know what you really can do.

See your Army representative. Or send the coupon.

Get ahead. All the way. Airborne. .
wants ﬁ join you.
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Additional information on products described
in this section is available from the manu-

% NEW facturers. Each new product is identified by
a corresponding number on the Reader Service

Page. To obtain additional information on any

PRODUCTS of them, circle the number on the Reader Ser-

vice Page, fill in your name and address, and
mail it in accordance with the instructions.

NEW MODEL SPEAKER SYSTEM FROM KENWOOD A
new three-way, three-speaker system, the Model KL-
3080. has been added to the Kenwood Electronics. Inc..
line of hi-fi components. Incorporating a 10” free-edge
type woofer, 5” cone-type midrange driver. and 1'2”
cone-type tweeter, the new speaker system has a fre-
quency range of 45-20.000 Hz, crossover frequencies at
800 Hz and 5000 Hz. and crossover network of 12 dB
octave. The impedance of the system is 8 ohms. and
maximum input power is 40 watts, while sensitivity is
100 dB. A specially designed four-position tone selector
gives the listener a choice of emphasizing clear. nor-
mal, sweet, or soft tone characteristics. Price $199.95
pair.

Circle No. 84 on Reader Service Page 15 or 99

WHITE'S LIGHTWEIGHT METAL DETECTOR-There is ad-
venture, fun, and profit in treasure hunting or prospect-
ing with the Coinmaster 1V featherweight metal and
mineral detector from White's Electronics, Inc. The de-
tector has a tuned semi-three-coil. sensitive 6” loop de-
veloped to provide for maximum depth efficiency when
searching for small metal objects. When metals or min-
erals are detected. depending on the Coinmaster’'s set-
tings, the detector reacts with an audible tone signal
and meter movement deflection. The transmitter/re-
ceiver Coinmaster weighs only 4 lb 6 oz. complete with
loops and batteries. Its retail price of $199.50 includes
mineral and metal samples. detailed instructions. and a
two-year warranty.
Circle No. 85 on Reader Service Page 15 or 99

POMONA ELECTRONICS MINt-TEST CLIP--A new series
of Mini-Test Clips with connecting leads, designed for
testing densely packed miniature electronic assemblies.
has been introduced by Pomonu Electronics, Co.. Inc.
The test clips feature a spring-loaded contact hook
which can be quickly and positively connected to com-
ponent leads or terminals. Another version has a probe
tip that slips down over 0.025”-square wire-wrap pins
The series includes four models: 3780 with a Mini-Test
Clip on one end only: 3781 with Mini-Test Clips on
both ends; 3782 with a Mini-Test Clip on one end
and a banana jack on the other end; and 3783 with a
Mini-Test Clip on one end and a slip-on wire-wrap ter-
inal clip on the other end. The molded nylon probes
are completely insulated from the point of connection.

Circle No. 86 on Reader Service Poge 15 or 99

KESTER'S NEW SILVER SOLDER—A special solder for
the do-it-yourselfer or the electronics hobbyist for work-
ing with jewelry, antique silver, and critical connections
is available from Kester Solder. One of ten different
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NEW
PRODUCTS

solder items that compose the company's point-of-
purchase display of solders and fluxes, the silver solder
is an alloy of 4 percent silver and 96 percent tin. A spe-
cial flux is contained in the core of the 5 length of
solder.

Circle No. 87 on Reoder Service Poge |5 or 99

Y Plastic o !
CHEMTRONICS PLASTIC REPAIR KIT—*Plas-T-Pair” from :I’l""’ PiasTPuir '
Chemtronics, Inc., is a new two-part-compound plastic
repair kit for all soluble plastics. Usable either as a ce- ot~
ment or a plastic putty, it is ideal for repairing radio and ¢z s

TV knobs, cracked or broken cabinets, screw mounts,
carrying handles, etc. The two-part compound consists
of a powder and a liquid solvent which, when combined.
can be poured or brushed onto a repair as a liquid plas-
tic cement, or it can be mixed and let stand for a few
minutes to be molded onto the repair area as a plastic
putty. Repairs are completed and the repaired item is
ready for use in 15 minutes.

Circle No. 88 on Reoder Service Poge 15 or 99

KOSS 4-CHANNEL STEREO HEADPHONES —The first
headphones specifically designed for use in four-chan-
nel stereo systems are currently being manufactured by
Koss Electronics, Inc. The Model K242 “Quadrafone” is
a true four-channel system, employing four separate
driver elements to produce exceptional surround sound.
The headphones, however, are also fully compatible
with conventional stereo amplifiers. The Quadrafone
comes with carrying case and bears a retail price of

$85.00.

Circle No. 90 on Reoder Service Poge 15 or 99
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SHAKESPEARE DUAL-ARRAY CB ANTENNA-—Co-phasing
in Shakespeare Co.'s Model 464 dual-array fiberglass
antenna provides higher performance and increased
gain from a mobile CB transceiver. Co-phasing also pro-
vides increased capture area, a mutual impedance match
that offers a lower SWR than possible with a single
antenna, and a more symmetrical radiation pattern. The
two quarter-wave, top-loaded antennas that make up
the system operate in-phase with the mutual impedance
matched for 50 ohms. Height is 4 ft: weight is 2 lb.;
polarization is vertical; power rating is 100 watts; and
SWR is 1.5 to 1 or less. Price $38.95.

Circle No. 89 on Reoder Service Poge I5 or 99

EICO "QUATRASONIC” 4-CHANNEL ADAPTOR-—The hid-
den depths of most modern stereo recordings and stereo
FM broadcasts can be revealed when using the Eico
QA-4 “Quatrasonic” adaptor and an extra pair of
speaker systems with a conventional stereo system.
The QA-4 extracts from conventional stereo sources the
ambience information present in two-channel stereo
programs and feeds the extracted information to two
speakers located behind the listener. The two front
speakers function in the normal left-to-right stereo
mode. Two controls are provided: a 4-position mode
switch and a rear speaker level control. The QA-4 sells
for $17.95 in kit form, $29.95 factory wired.

Circle No. 91 on Reoder Service Poge 15 or 99
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The RCA portable
color bar generator

- - *
Performs like the big ones Costs only $75
* Provides color bar, dot, cross hatch, ard blank = Lightweight — less than 20 oz., only 6%" wide x
raster patterns 4" deep x 3" high
* All solid state circuitry including ICs For al. the technical specs get in touch with your
» Pattern signals, RF output frequency and cclor RCA Distributor. RCA | Electronic Components |

subcarrier all crystal-controlled Harrison, N.J. 07029

* Battery operated, AC adapter available Optionat User Price
POPULAR ELECTRONICS

CIRCLE NO. 25 ON READER SERVICE PAGE
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An Electronic Desk
Galculator You Gan Bui

THE PINNACLE OF DIGITAL PROJECTS—ADD, SUBTRACT,
DIVIDE, AND MULTIPLY TO 16 DIGITS OF

DISPLAY FOR UNDER $180

UST HOW MANY functions can be

performed by a single integrated cir
cuit? No one knows the ultimate answer
to that question. but it’'s a cinch that
semiconductor fabrication techniques
that have produced what is known as
Large scale integration” (LS1) are well
on the wav to the final goal. You will un
derstand why when vou build the “POP-
ULAR ELECTRONICS Calculator,” the
first hobbvist project to use these latest
semiconductor devices. With this break-
through in design, you can build, for less
than $180, a desk calculator which is the
equivalent of manv costing hetween $400
and $600. The calculator has a 128-word,
1920-bit memorv and can add. subtract,
multiplv, divide, and operate on con-
stants.

NOVEMBER 1971

COVER STORY BY ED ROBERTS/MITS

An outstanding feature of the calcula
tor is that, while tFe display shows onlt
eight digits at one time, calculations can
actuallv be made 1o sixteen digits. Mo
mentarily depressing a display shift key
results in the instantaneous recall and
displav of the eight least significant digits
(LSD). (Depending on the location of the
decimal point; LSD to the right of th
decimal point resulting from an operation
such as division cannot be displaved.)

\nother convenient feature of the cal
culator is the overload warning indicator.
If the calculator is asked to perform an
impossible operation (such as dividing by
zero). an "E" is displaved on the extreme
left-hand readout. The E is also displaved
if too many digits are entered to begin
with.

27
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PARTS LIST

The following are available from MITS.
2016 San Mateo, N.E., Albuquerque, NM
87110:

Complete calculator kit, including case.
£179.00 plus S5 for postage, insurance. and
handling.

Complete calculator assembled, $275, plus
$5 for postage, insurance, and handling.

Display board assembly, $65. plus $3.50

Fig. 1. Although this basic logic flow looks relatively simple, there are over
8000 transistors in this circuit, mostly in six LS| chips. The keyboard enters
digits and operations, while the nine display tubes present final readouts.

for postage, etc,

Wain hoard. Leyboard. case, hardware. ete.,
less LSI's, $65. plus $2.50 for postage. elc.

Six LSI IC's (E4 S-80). 875: keybourd.
$21: display board. $12.50: main bhoard
$13.50: capacitor hoard, $4.50.

Five fail patterns, component layout dia-
grums. full-size mechanical interconnection,
and complete schematics (MI100-P), £2.00,
postpaid.

In this calculator, leading zeros are
suppressed, unless the number is less
than one. Thus, .415 is displayed as
0.415, not 00000.415; and 3.1416 is dis-
played as is, not 0003.1416. This results in
a much more easily read display, with
fewer resulting errors.

An interesting construction feature of
the calculator is that double-sided
printed circuit boards are used. Plated-
through holes serve to connect the two
sides. The use of these boards serves
several purposes: an excessive number
of jumper wires is eliminated; the overall
size of the calculator is considerably re-
duced; and the task of getting good sol-
der connections is greatly simplified by
the plated holes.

The calculator is also the first POPU-
LAR ELECTRONICS project to use
electro-luminescent display tubes. Vol-
ume production of the tubes has reduced
their price so that it is possible to take
advantage of their superior qualities.

28

Basic Design. The overall logic design
of the calculator is shown in Fig. 1.
There are six large-scale integrated cir-
cuits: IC1. the read-write memory regis-
ter; IC2, arithmetic; IC3, read only mem-
ory (control); IC4, control; IC5, input;
and IC6, output. The six LSI's are the
equivalent of over 8000 transistors. They
employ the common method of serial-
parallel addition—digits are added in
parallel and words serially.

All other parts and circuits in the cal-
culator may be considered as auxiliaries
to the LSI IC's. The keyboard, for in-
stance is custom designed to operate with
the LSI's used. It has, in addition to the
digits 0 through 9, all the standard calcu-
lating instruction keys. The ‘“constant
multiply key’ is separate since it is an
on off function and requires a latching
switch rather than a momentary contact.
Although the use of the keyboard shown
on the prototype is recommended be-
cause its performance is known to be

POPULAR ELECTRONICS
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adequate, a satisfactory keyboard using
standard momentary contact, normally
open pushbutton switches can be con-
structed using the keyboard matrix
shown in Fig. 2. In choosing a switch,
remember that the bounce time of the
key is highly critical, as it is closely re-
lated to the clock frequency of the cal-
culator. In general, the bounce time must
be less than 512 clock cycles or 2 milli-
seconds.

The clock circuit provides the timing
base for calculator operations which
must operate in a sequenced manner.
The clock frequency determines the rate
at which the calculator performs opera-
tions. Although the LSI IC's are designed
to operate at a clock frequency no higher
than 200 kHz, the clock in the calculator
operates at 130 kHz to provide an ade-
quate margin while still giving extremely
fast operation.

Integrated circuit IC7 uses diode tran-
sistor logic (DTL) and has three NAND
gates connected to form an astable mul-
tivibrator which oscillates at 130 kHz.
The output of the oscillator is buffered
by a fourth NAND gate and is fed to the
voltage amplifier, Q30. The output of
Q30 is a square wave with rise and fall
times of less than 100 nanoseconds. This
output is used by all of the LSI's as a
reference signal.

Decoding functions are performed by
IC6 and IC8. Output IC6 determines which
digit to display (based on time); deter-
mines what the BCD data is for that digit:
transmits that information to the de-
coder; determines the proper place of
the decimal point; and detects leading
non-significant zeros and suppresses
them. Decoder IC8 is a BCD-to-seven-
segment converter that takes the number
from IC6 and sends the correct signals
to the display section.

Data presented to the disnlay section
is in BCD format in serial form. (Digits
of a number are relaved sequentially,
rather than simultaneously.) The largest
number is presented first. The output of
IC8 (Fig. 3) is in the form of lines which
are pulsed in accordance with the num-
ber to be displayed. Each line feeds a seg-
ment driver circuit (Q1 through Q14)
which converts the pulses into voltages
compatible with the displav tubes. Each
segment driver is connected to the same
segment of tubes V1 through V8 (the
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Fig. 2. The keyboard matrix may use
a commercial keyboard, or any good
pushbutton switches. Connections are
to similarly marked board terminals.

EDITOR'S NOTE

This article presents an exciting new
breakthrough construction project—a
modern, high-speed 16-digit calculator.
This makes it possible for anyone to
own his own home calculator and at the
same time complete a fascinating elec-
tronics hobby project. Although the proj-
ect is an involved one, the construction is
no more difficult than most, if a reason-
able amount of care is used in its as-
sembly. It is well within the capabilities
of most amateur electronics enthusiasts.
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Fig. 3. Typical readout driving. All similar readout segments are driven simulta-

neously while strobe circuit selects which tubes are actually on. The circuit at the
bottom illustrates how ninth tube displays either a ““minus’ or “E" (error) signal.

numerical displays). That is, segment one
of tubes V1 through V8 is driven by one
segment driver, segment two of all tubes
is driven by another segment driver, and
so on. Thus, any time a number is re-
layed from the output IC, the segment
driver provides plate voltage to the
proper segments of all the numerical dis-
play tubes. However, none of the tubes
will illuminate since a control grid volt-
age must be simultaneously applied. This
is the job of the strobe drivers (Q15-Q22).

In addition to providing data to the
decoder, IC6 determines the display tube
on which the number is to appear. When
a strobe drive line is actuated, it pro-
vides a negative voltage to the strobe
driver base, switching off the transistor
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and raising its collector potential to a
high positive value. The collector is con-
nected to the control grid of a display
tube. When the grid goes positive, cur-
rent flows to any plate elements in the
tube which have been switched on by
the decoder and segment drivers. This
causes the phosphor on the selected seg-
ments of the tube to glow.

Output IC6 begins the process with
tube V8 by actuating its strobe line.
Then approximately 500 microseconds
later, the strobe line switches to V7; and
so on through V1. Thus, each tube is
turned on approximately 250 times a sec-
ond. With the rapid switching and the
natural fluorescence of the tubes, the dis-
play appears to be on constantly.

POPULAR ELECTRONICS




In addition to the strobe lines. IC6 has
a decimal driver output, coupled through
Q27, Q28. and Q29 to the decimal
points on all the display tubes. Output
IC6 determines which digit should be the
one's digit and activates the decimal
driver line simultaneously with the acti-
vation of the strobe driver for that digit.

Tube V9 displays the sign and error
indications. Arithmetic IC2 activates Q23
and Q24 to provide plate voltage to the
center element of V9 to form the minus
sign when this tube is strobed. The over-
flow line from IC2 drives Q25 and Q26 to
provide plate voltage to V9 and form the
“E" for error.

The electro-luminescent display tubes
operate in a manner quite similar to a
cathode ray tube. Electrons from the fila-
ment are accelerated past a control grid
toward positivelv charged phosphor
coated plates. When the electrons im-
pinge on a plate, thev cause the phosphor
to glow. In the tubes are seven segments
which, by various combinations. can
form the numbers 0 through 9. Each in-
dividual segment is a plate.

The power supply in the calculator has
five output voltage: an unregulated +45V
for the plates of the display tubes: an
unfiltered, unregulated —2.4V for the
series-parallel filament drive of the dis-
play tubes: a regulated —14V and —26V
for the LSI IC’s; and a regulated —5V for
the other semiconductors. Regulation is
provided by zener diodes.

Construction. The calculator consists of
three PC boards and the keyboard. The
six LSI IC’s and the power supply are
mounted on the largest board; the dis-
play tubes and associated circuits are on
the second board; and power supplv filter
capacitors are on the smallest board.

The foil patterns for the boards are
too large for reproduction here. They
may be obtained as noted in the Parts
List.

The main board, with the LSI's must
be assembled with great care. Before in-
stalling the six LSI's, take a good look
at them. The only difference between
them is an identifying number stamped
on the top surface. The pins are slightly
pre-sprung to insure good contact. Each
has a dot or notch to identify pin 1. Use
a 25-to-30-watt soldering iron (not a gun).

When installing the display tubes. their
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The calculator has lots of room to assist
construction. The driver-readout board is
mounted above the main board using spacers
to tilt the readouts for better visibility.

leads should be clipped in rotation so
that each lead is about Vs inch shorter
than the previous one. This simplifies in-
stalling the tubes in their sockets. Make
sure that all tubes are mounted correctly
with regard to the viewing plane. The re-
mainder of the components (one IC, 4
diodes, 29 transistors, and 56 resistors)
can then be soldered in place. Observe
polarities and, again, use a low-power
soldering iron. Any holes on the board
that remain empty are connections to the
foil pattern on the back of the hoard.

Interconnections between the three
boards are made with short lengths of
insulated wire, color coded to prevent
€errors.

The large board forms the ‘“‘base™ of
the calculator, with the displav board
above it, tilted so that the display is at
the desired angle. The small board is
mounted directly over the power supply
end of the main board.

Checkout. Other than a detailed inspec-
tion, making sure that all components are
properly installed and that there are no
solder bridges, there is no way to check
the complete assembly prior to operation.
Pay particular attention to board-to-
board and keyboard-to-board connec-

31




tions. Remember that a mistake found
during pre-operation inspection is easilv
corrected; once the power is on, it could
be quite expensive.

Use. Operating the calculator is so sim-
ple that it takes only a few minutes to
“catch on.” Here are the basics:

The button labeled “C" clears the en-
tire machine. Any time vou want to start
all over, use it; but avoid it if vou are in
the middle of a computation and don't
want to start over.

When vou first turn the calculator on,
the decimal point will be on the far right
tube. To move it, press the “D" button
and one of the number buttons. depend-
ing on how many spaces vou want to
move the decimal. Press the two buttons
simultaneously.

Now pressing any of the number but-
tons enters a number. To multiplv, add.
subtract. or divide this number by any
other, press the appropriate function but-
ton, then the second number, and then
the “equals” button.

If, at any time, vou enter a wrong num-
ber and want to get rid of it but not the
previous calculations, press the “CE"
button. This clears only the last number
entered. and you can enter the correct
number and proceed with the calcula-
tion.

When you enter too many digits to be
displaved or try to do something impos-
sible (like dividing by zero). the E light
will come on. If vou subtract a large
number from a smaller one, a minus sign
will appear at the left.

To multiplv or divide bv a constant,
turn on the constant “K" switch, enter
the first number to be operated on and
then the constant. Pressing the equal but-
ton will give the answer. Then to oper-
ate on anyv other number, enter the
number and press the equal sign. For in-
stance. if 5 is to be a constant, and vou
want to multiply it by 20, 30, and 40.
Press 20. the times sign, 5. and the
equals sign. The answer is 100. Now the
5 is entered as a constant. Press 30 and
the equals sign, the answer is 150: press
40 and the equals sign, the answer is 200.
This function is very valuable in calculat-
ing interest, percentages, etc. To change
the constant, clear the machine. Be sure
to turn off the K switch when you are
through working with constants.
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The two main boards have in-line intercon
nects, while the keyboard connections are
at the bottom of the logic board. Note the
six large LSI's on the double-sided board.

The button with the two-headed arrow
is used to view the least significant digits
of a number that is over 8 digits long (to
left of decimal). For instance, with the
decimal at the extreme right, multiply
789,456 by 789,456. The answer will ap-
pear as 623240775936 but only the first
four digits will appear at first. To see the
other eight digits, press the arrow-head
button.

The complete calculator including injected
plastic case. Note how the display board is
tited via spacers to fit the case window.
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UNDERSTANDING

REGEIVER
NOISE FIGURE

CL) SENSITIVITY

MEANING OF AN IMPORTANT SPEC AND HOW IT IS MEASURED

NE of the first characteristics men-

tioned in the specifications for a re-
ceiver is “‘sensitivity.” Unfortunately, the
value given (usually in microvolts) is not
as reliable an indication of quality as it
might seem. To give th- term sensitivity
any meaning, more must be known about
the conditions under which the measure-
ment was made. In communications
equipment, a receiver's sensitivity is usu-
ally defined as “the input voltage, from a
matched source, required to produce a
10-dB S/N (signal-to-noise ratio), meas-
ured at the i-f stage output.” Since the
amount of noise power presented to a
receiver is dependent on its bandwidth,
the sensitivity is also dependent on that
bandwidth.

Thus a good sensitivity voltage for one
type of receiver may be a poor value for
another. For instance, 2 microvolt sensi-
tivity might be excellent for an FM BCB
receiver, yet entirely inadequate for use
on CB. To evaluate properly a receiver’s
performance, then, we need a quality
factor which is independent of band-
width and unaffected by whatever stand-
ard of S/N we employ.

While receivers may be designed to
perform different types of service, use
different bandwidths, and produce dif-
ferent S/N outputs, the final requirement
is the same: a wanted signal must be dis-
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cernable from random noise. A certain
amount of input noise is unavoidable, but
it is imperative that the receiver add as
little noise as possible. The basic receiver
quality factor indicates the amount of
noise added by the receiver and is ap-
propriately called the ‘'noise figure.” To
understand the importance of the noise
figure, however, it is necessary first to de-
velop a few other concepts.

Understanding Noise. To many of us,
the term noise is rather elusive. This is
partly due to the fact that we do not
distinguish properly between thermal (or
device) noise, which is caused by random
electron motion in matter, and the various
forms of environmental noise. It is
thermal noise which is of interest in
studying noise in receivers. The amount
of noise energy generated by random
electron collisions in matter is propor-
tional to temperature and is referred to as
“thermal white noise.” In any resistive
material, thermal noise represents an
amount of “noise power,” and, due to its
random nature, it appears evenly dis-
tributed in frequency across the entire
spectrum. However, the exact amount of
noise power which affects a receiver or
r-f amplifier is restricted by the receiver's
bandwidth. For narrow-band r-f ampli-
fiers, the noise bandwidth may be as-
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Fig. 1. Effect of source resistance and col-
lector current on noise figure for a 2N4402.
transistor. (From a Motorola data sheet.)

sumed to be the same as the half-power
bandwidth (3 dB below the midband
power gain).

The constant that relates temperature
and bandwidth to thermal noise power is
Boltzmann’'s constant (k 1.38 x 107
joules/“K). Thermal noise power in watts,
then, is equal to the product of Boltz-
mann’'s constant, the bandwidth (B) and
the temperature in degrees Kelvin (0
Kelvin = —273°C). Thus. N-kTB.

If an amplifier is connected to a re-
sistor equal to its input resistance. the
thermal noise input will be represented
by the above equation. For example, a
citizens’ band receiver with a 6-kliz
bandwidth is connected to a matching
resistor at a temperature of 300°K (about
80°F). The receiver will see a noise input
of about 1077 watts, or about 0.02 micro-
volts across 50 ohms.

This noise input is not appreciable,
even when multiplied bv a high-gain am-
plifier. 1t would indeed be nice if the
amplifier added no additional noise. Un-
fortunately, this is not the case. Any am-
plifier we can desian will add some noise.
This noise comes from several sources
which are random in nature: and. for the
most part. it is this amplifier noise that
limits a receiver's “minimum usable sig-
nal.”

One tvpe of noise generated bv hoth
vacuum tubes and semiconductor devices
is referred to as ‘“shot noise,” which is
similar to thermal noise in that it is
completelv random in nature. In tubes,
shot noise is caused by the emission of
electrons bv the cathode; and in semi-
conductors. by the recombination and
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generation of free electrons and positive
ions within the material. The amount of
noise contributed by an amplifier varies
with the active device employed and the
circuit design. Figure 1 shows how the
source resistance, a design parameter,
can affect a transistor amplifier’s noise
generation. Specially designed vacuum
tubes, certain bipolar transistors, field
effect transistors, tunnel diodes, and
varactor diodes are among devices which
add a minimum amount of noise.

There are two other sources of noise
which should be mentioned: atmospheric
and environmental. Atmospheric noise is
generated by lightning; environmental
noise is man-made. Examples of the latter
include “static” from automotive ignition
svstems. electric motors, discharge-type
lighting. and. of course, interfering radio
transmissions. Most of this type of noise
is restricted to that part of the radio
spectrum below about 30 MHz. In the
lower-frequency services. such as AM
BCB (535-1605 kHz) and the 40- and 80-
meter amateur bands, atmospheric and
environmental noise often dominate
thermal noise. At these frequencies, an
extremelv low-noise, high-sensitivity re-
ceiver is of questionable value. Of more
concern is weather, locale, time of day,
and antenna directivity and polarization.
However. at higher frequencies, thermal
and amplifier noise become the limiting
factor in determining good reception.

Defining Noise Figure. We need a quan-
titative wav to express the additional
noise contributed by an amplifier. A logi-
cal method of rating an amplifier would
be to compare the amount of noise power
at its output (N.«) to the output noise
power of an ideal amplifier—one which
adds no noise. The output of the ideal
amplifier would be the thermal noise in-
put (Ni» = kTB) multiplied by the amnli-
fier eain (). The ratio of actual noise
power tn ideal noise power is called the
“noise figure” (NF) of the amplifier, and
is expressed as NF = N.../GN...

Notice that the more noise power an
amplifier adds. the larger is its noise
figure. Also, for a perfect amplifier, NF
=1.

Noise figure can also be expressed in
another highly useful way. Since output
signal power (S..) is equal to the product
of the input signal power (Sw) and the
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Fig. 2. Use this graph in converting power
ratios to decibels. Scales are doubled over.

power gain, we can substitute S.u./Si. for
G in the expression for NF, giving NF
(Sen/Nin)/(Sme/Nour). This is the ratio be-
tween input signal-to-noise and output
signal-to-noise; and it makes a reasonable
expression since the amplifier, in effect,
degrades the input signal-to-noise by add-
ing noise.

Noise figure is a dimensionless quan-
tity and is often expressed in decibels.
To convert from the linear quantity to
dB, use the expression NF (in dB) = 10
logw (NF); or refer to the graph in Fig. 2.
Unless you are skilled in the use of
logarithmic quantities, it is wise to con-
vert back to a linear quantity before mak-
ing calculations.

The signal-to-noise ratio generally ac-
cepted in communication equipment is
10 dB, measured at the output of the i-f
stage. Some manufacturers may specify
a quantity called '‘signal plus noise to
noise’” which is simply the signal-to-noise
ratio (not in dB) plus one. For example,
a (S + NJ/N of 10 is the same as a S/N
of 9. The input noise power is always as-
sumed to be a simple thermal noise
source, N = kTB. Substituting S.u/N...

10 and N, - kTB, then the noise figure
is NF = S.,/10kTB.

If the minimum input signal power
needed for a 10-dB S/N is known, the
noise figure can be determined. For easy
approximations, the nomogram in Fig. 3
has been constructed. For convenience,
the nomogram has input signal power
specified in terms of voltage (Vi) com-
bined with input resistance (R). The S/N
output is assumed to be dB and the tem-
perature is 300°K.

Note that the Institute of High Fidelity
Manufacturers (IHF) rating for sensitiv-
ity as applied to commercial broadcast
FM receivers is not arrived at through
quite the same procedure as used here.
The IHF values specify a “distortion
level” at the audio output, rather than a
S/N at the i-f output.

As an example of the use of the nomo-
gram, suppose a receiver has an overall
bandwidth of 50 kHz and is rated as hav-
ing an input sensitivity of 1 microvolt into
50 ohms. Then, on the nomogram, a line
is drawn from 50 ohms on the R scale to 1

100V kM
1000{30dB) +
T Ikn —=10pV —+-10kHz
Fig. 3. This nomogram ic 100{20d8)
is useful in determin- T 1 4
ing either noise figure , [ 1 /
or sensitivity when the A — T
other characteristics of T 1
the receiver are known. / I
oon— =1V —100kHz
750 ::/::
s0n :\:: 1ode) - 1
i —-\’B 1
_L £ -:Emnz
R on Vin'lpv BW
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microvolt on the V., scale. This line is then
extended until it intersects the unmarked
line at point A. Now a line is drawn be-
tween this point A and 50 kHz on the
bandwidth scale. The second line inter-
sects the noise figure scale at 10. The spec-
ifications in this example are character-
istic of most AM broadcast band receivers.
The r-f bandwidth is made considerably
larger than necessary (10 kHz) for sim-
plicity and tuning ease. The 10-dB noise
figure is not particularly bad in this case
since the prevalence of atmospheric and
environmental noise (largely other inter-
fering stations) lessens the need for a sen-
sitive, low-noise receiver.

The nomogram in Fig. 3 can also be
used to find sensitivity when the noise
figure is known. To illustrate, suppose a
CB receiver boasted a noise figure of 3
(4.8 dB) and had a standard 50-ohm in-
put and bandwidth of 20 kHz. A line is
drawn from 20 kHz through 3 on the noise
figure scale and extended to point B on
the unmarked line. Connecting point B
with the input impedance of 50 ohms
yields a sensitivity of about 0.34 micro-
volts.

The foregoing example brings up a
good point about determining receiver
quality. For instance, let's vary some of
the receiver parameters while maintaining
the relatively good value for noise figure
of 4.8 dB. If we decrease the bandwidth to
3 kHz (about that required for SSB), the
sensitivity becomes 0.13 microvolt. If just
the output impedance were changed—to
300 ohms—the sensitivity would be about
0.80 microvolts. If we changed the band-
width to 200 kHz and R.. to 300 ohms, the
“good” sensitivity would become about
2.5 microvolts. The obvious question at
this point is: Just which value is really
good? Well, since 4.6 dB is a fairlv good
value for noise figure, we can safely sav
that these are all good sensitivities. It is
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Fig. 4. Preamplifier stage can be added be-
tween receiver and antenna to lower overall
noise figure and improve the sensitivity.

quite apparent that voltage sensitivity is
not a very reliable standard for compar-
ing quality. A much more sensible mea-
sure would be noise figure, with r-f band-
width and input impedance for reference.
We have seen how noise figure is re-
lated to receiver sensitivity. Now, let's
consider ways of lowering the noise
figure for an existing receiver system.

Adding a Preamp. The overall noise fig-
ure of a system may be significantly im-
proved by the addition of a low-noise,
high-gain preamplifier. Suppose a recei-
ver has a noise figure of 10 dB and a gain
through the i-f output of 80 dB. We want
to improve the sensitivity by adding an
r-f preamp connected at the antenna in-
put. The preamp has a noise figure of 3
dB and a gain of 10 dB. The layout of the
system is shown in Fig. 4. The band-
widths of the two stages are equal. The
overall system noise figure is then: NF =
NF, + (NF, 1)/G,. All values are
linear quantities (not in dB). For the val-
ues given above, the NF turns out to be
2.9, or 4.6 dB, a considerable improvement
over the original value of 10 dB.

Notice that the effect of the preamp’s
gain has been to reduce the receiver's
contribution to the overall noise figure.
If the preamp had had a gain of 20 dB,
the overall noise figure would have been
2.09, or about 3.2 dB. The higher the

AMP OUTPUT

Fig. 5. Preamplifier can be connected
at either the antenna end or the
receiver end of your receiving system.

AMP OUTPUT
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MEASURING NOISE FIGURE

Noise figure measurements are really
quite simple to make with the proper
equipment: a noise generator/noise fig-
ure meter. This instrument reads out
noise figure directly on a meter. However,
it is a specialized piece of equipment
and not readily available to the average
experimenter.

An approximate value of noise figure
can be found using a conventional r-f
signal generator whose impedance
matches the receiver's input. Connect an
r-f meter (ac voltmeter, dB meter, or
power meter) to the receiver’s i-f output.
With the r-f generator off, adjust the re-
ceiver's controls for a convenient reading
on the output meter. Then turn the r-t
generator on, turn to the center of the
receiver's pass band, and adjust the
output control of the generator for twice
the origina! receiver output power (3 dB
higher for a dB power meter, 3 dB or 1.4
times the voltage on an ac voltmeter.)

The input power from the signal gen-
erator is now equal to the effective noise
input due to the receiver. Note the r-f
generator's output by reading an output
meter or an r-f voltmeter and calculate
noise figure using the following equation:

NF = E.2(2.5 x 102°)/BR,
where E. is rms voltage output of the r-f
generator, R, is the output resistance of
the r-f generator, and B is the receiver’'s
bandwidth in Hz.

Note that if the receiver has noise
limiting or automatic gain control cir-
cuits, they will have to be disconnected.

preamp gain, the closer the system noise
figure approaches that of the preamp.

To find the exact effect that adding a
preamp has on the sensitivity, the band-
widths of receiver and preamp as well
as the desired S/N ratio must be consid-
ered. If the receiver in the example were
a typical FM tuner, a reduction in noise
figure from 10 to 2.9 might represent an
improvement in sensitivity of as much
as 2.3 microvolts.

After the decision has been made to
add a preamp to a receiving system, one
must determine the proper location for
the preamp in relation to the rest of the
system. Any practical receiving system
must, of course, include an antenna and a
length of transmission line. The attenua-
tion of the transmission line can effective-
ly add noise to the system, to an extent
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Fig. 6. Graph of system noise figure versus
transmission line attenuation for receiv-
ing system with different preamp locations.

determined primarily by the placement
of the preamp.

Because of the environmental noise
picked up by an antenna, it is not prac-
tical to employ an “overall system noise
figure” to compute the actual output S/N
ratio for a given received signal. How-
ever, by replacing the antenna with a
matching resistance, we can use expres-
sions for the system NF to determine
optimum system configuration. Two basic
configurations for a simple system are
shown in Fig. 5. The detailed calculations
for the two are beyond the scope of this
article, but the graphical presentation
in Fig. 6 shows which is better. For this
typical system, the noise figure actually
decreases slightly for an increase in at-
tenuation if we connect the preamp at
the antenna. Furthermore, if the preamp
cannot be located at the antenna, it is
imperative that cable loss be as small
as possible. Otherwise, the system NF
will be too great to tolerate. Of course
cable loss must be kept small in any case,
since the receiving system must have
enough overall gain to produce a usable
signal power output.

In this article, we have seen how re-
ceiver sensitivity is always tied in with
receiver noise, and we have shown how
this noise is produced and measured. The
effect of adding a low-noise preamp stage
has also been covered.
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10 Reasons why
RCA Home Training is

your best
iInvestment
forarewarding
career

in electronics:




1 LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you im-
mediately think of RCA ...a name that
stands for dependability, integrity, and
pioneering scienific advances. For over
half a century, RCA Institutes, Inc.. a
subsidiary of RCA, has been a leader in
technical training.

RCA AUTOTEXT TEACHES

ELECTRONICS FASTER, EASIER,

ALMOST AUTOMATICALLY
Beginner or refresher, AUTOTEXT.
RCA Institutes’ own method of pro-
grammed Home Training wiil help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in
the past.

WELL PAID JOBS ARE OPEN TO
MEN SKILLED IN ELECTRONICS
RCA Institutes is doing something posi-
tive to help men with an interest in elec-
tronics to qualify for rewarding jobs in
this fascinating field. There are chal-
lenging new ficlds that need electronics
technicians...new careers such as com-
puters, automation. television, space
clectronics where the work is interest-

ing and carnings are greater.

WIDE CHOICE OF CAREER

PROGRAMS
Start today on the electronics carcer of
your choice. On the attached card is a
list of "Career Programs”, cach of which
starts with the amazing AUTOTEXT
method of programmed instruction.
Look the list over, pick the one best
suited to you and check it off on the card.

Construction of Multimeter.
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SPECIALIZED ADVANCED
TRAINING
For those already working in clectronies
or with previous training, RCA Insti-
tutes offers advanced courses. You can
start on a higher level without wasting
time on work you alrcady know.

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in vour efforts and help you
overany “roughspots”that may develop.

HANDS-ON TRAINING

To give practical application to
your studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. You get over 250 proj-
ccts and experiments and as many as 22
kits in some programs, Each kit is com-
plete in itself. You never have to take
apartone piece to build another. They're
yours to keep and use on the job.

8 FCC LICENSE TRAINING—

MONEY BACK AGREEMENT

Take RCA’s Communications Career
program—or enter with advanced stand-
ing and prepare immediately for your
Ist, 2nd, or 3rd class FCC Radio Tele-
phone License examinations. RCA In-
stitutes money-back agreement assures
you of your money back if you fail to
pass the FCC examination taken within
6 months after completing the course.

CONVENIENT PAYMENT PLANS

You get a selection of low-cost tui-
tion plans. And, we are an cligible insti-

Construction of Oscilloscope.

tution under the Federally Insured Stu-

dent Loan Program.

1 0 RCA INSTITUTES IS FULLY
ACCREDITED

RCA Institutes is an accredited member

of the National Home Study Council.

Licensed by N. Y. State—courses of study

and instructional facilitics are approved

by the State Education Department.

VETERANS: TRAIN
UNDER NEW Gi BILL

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION!

If reply card is detached, send this coupon
today

[ I |
| RCA INSTITUTES, INC.
DEP'T. 694-111-1

320 wW. 31 ST.

NEW YORK, N.Y. 10001

Please send me FREE illustrated career
catalog. 1 understand that | am under no
obligation,

Name _
Address B _ S
City

State _2IP

Age

Veterans: Check here O

Temperature experiment with transistors.
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CAN AN
AMPLIFIER TUBE
HAVE ZERO

in the plate circuit, and the grid to an
adjustable bias supply. What happens
when you vary the grid bias? That's a
simple question, isn't it?”

TRANSCONDUCGTANCE?

or—How Slim
and Mho Got Together

BY JOHN T. BAILEY

4 ELL, Slim,” said Joe, the shop own-
er, to his technician, “now that
you have that diploma from your elec-
tronics' course, do vou feel that you are
fully qualified to cope with the technical
problems in this business? But, wait!
Before you say ‘ves’ to that question,
let me warn you that I have a test I
would like for you to struggle with.”

“Go right ahead,” answered Slim with
assurance. “If it is a reasonable test for
a beginner, I'll handle it all right.”

“Don't worry about that. The test in-
volves a very basic concept that your
instructor must have explained early in
your studies. Here's the problem: Sup-
pose you connect the plate of a triode
to a power supply, with a milliammeter

Slim responded quickly, “The plate
current changes as the bias is varied.
Everyone knows that a change in grid
bias changes the plate current.”

After an ominous pause, Joe said, “Are
you sure, Slim? Don’t vou want to think
over what you just said?”

“Of course not,” retorted Slim. ‘“‘Let
me say it again. A change in grid bias
changes the plate current. That's what
transconductance is all about. If one volt
change in grid bias causes the plate cur-
rent to change 10 mA then the trans-
conductance is 10,000 micromhos. If the
plate current didn’t change at all, the
tube would have zero transconductance,
and that's impossible. If you want more
proof, look at a family of plate charac-
teristic curves for a triode. For a fixed
plate voltage, a change in grid voltage
changes the plate current. Right?”

“Well, before I mark you wrong, let
me ask another question. Suppose this
same triode is connected to a current-
regulated power supply instead of to a
conventional fixed voltage supply. As
you probably know, a current-regulated
supply puts out a constant current re-

B+ + 400V
This constant-current sk
source uses a pentode 2
whose screen and con- %105
trol grids have their
voltages fixed. Vary-

ing the 6AU6 cathode
potentiometer controls
the current flowing in
the series circuit. The
100K pot is used for
demonstrating the con-
stant-current effect.

®

1.5v

B —4
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gardless of the load connected to it. Now,
suppose you vary the triode’s grid bias.
What happens?”

Slim looked thoroughly puzzled. Then,
he remarked, “The poor tube must be
completely frustrated. A change in its
grid bias should change its plate current,
but the current-regulated supply won't
let the current change. It's like the ir-
resistible force and the immovable ob-
ject.”

“OK,” said Joe. “Think it over while
you are out on this house call. The lady
says her new TV won't turn on."”

“Does she have it plugged in?"

“Yes, she does. Now hurry up. I will
trust you not to stop at the school lab
and breadboard this problem to find out
what happens. When you get back, 1
hope to have it hooked up here so your
education can be polished up.”

“But we don't have a current-regulat-
ed power supply,” Slim pointed out.

“I'll make one,” said Joe. “Now get
going.”

When Slim returned, it was obvious
from his expression that he hadn't fig-
ured out whether the plate current would
change or not. To forestall the embar-
rassment a little, he reported that the
lady couldn't turn on her new TV be-
cause it had a pull-push type of on-off
switch; and she had upset all the linear-
ity, hold, and size control adjustments
trying to find the way to turn on the set.

“Well,”” queried Joe, “what is your
conclusion?”

“Frankly, I don't know,” confessed
Slim. “If [ guess at it, you will want to
know why I concluded one way or the
other, and I can't think of any explana-
tion for either case. I suppose, as in
most impasses, the answer will have to
be a compromise. The plate current will
change just a little. Is that right?”

“I'll let you decide after you try it out
with  this breadboard hook-up,” Joe
countered while he sketched the circuit.

“First, [ hooked up a 6AUS6 to give us a
constant current of 1 mA. You know that
the plate current of a pentode with sharp
cutoff is almost constant if the screen
and control voltage are held fixed. This
holds true for plate supply voltages
above about 100 volts. This cathode po-
tentiometer lets me adjust the current
to a convenient figure—say 1 mA—and
it also provides some compensation to
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offset the very slight increase in plate
current that occurs with an increase in
voltage. Notice that the screen is tied to
105 volts across the OB2 gas regulator
tube. The grid bias is provided by a 1.5-
volt dry cell, and the plate supply is 400
volts from our power pack. In checking
this circuit out, you will find that the
milliammeter reads a fairly constant 1
mA when the plate load is varied from
0 to 100,000 ohms. Now, let's replace
the plate load with a 6AT6 whose grid
voltage can be varied from —1.5 to 0
volts by means of a pot across another
dry cell. Now, my perplexed friend,
vary the bias on the 6AT6 grid and watch
the milliammeter. You will find the solu-
tion to your impasse.”

Slim twisted the pot from one extreme
to the other and exclaimed, “The plate
current didn't change a bit!"" Then he
added, “But I still don't know why.”

“Maybe this will help,” Joe offered.
“Connect your VTVM across the 6AT6
and see what happens to the plate volt-
age when you vary the bias.”

Slim did this and noted that, as the
grid bias was reduced from —1.5 volts
to zero, the plate voltage went down
from about 175 volts to about 50 volts.

“Now, what does that tell you? Does
changing the bias of a triode actually
change the plate current as you so con-
fidently told me earlier?” asked Joe.

Slim pondered the question for a long
moment, and then the light dawned.
“How stupid can I be! A change in grid
voltage doesn’t change the plate current
at all. It changes the plate resistance,
and when the tube is connected to a fixed
voltage supply, the changed plate resist-
ance causes a change in plate current.
Good old Ohm'’s Law.

“And, when the tube is connected to a
constant-current supply, the plate volt-
age changes as a result of a change on
the grid because the changed plate re-
sistance times the constant plate current
means the voltage is different. Good old
Ohm’s Law again! Joe, thanks for
straightening me out. I was taught that
changing the grid voltage changes the
plate resistance; but, since tubes are in-
variably connected to fixed voltage sup-
plies, I guess I fell victim to the general
and incorrect impression that the grid
voltage always affects the plate current.
This is one lesson ['ll remember.” @
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SOME PERSONAL EVALUATIONS AND RECOMMENDATIONS
FOR BUYING ELECTRONICS BOOKS

BUYING BOOKS devoted to electron-

ics is no easy task nowadays—if it
ever was. There are literally thousands
of volumes published annually in the
United States alone, covering every sub-
ject area at every level. To make matters
worse, every topic has been covered and
covered again so that there are almost as
many approaches to each subject as there
are authors.

With the multitude of electronics
books currently available, it is disap-
pointing to find that there are no really
definitive guidelines to help the buyer in
making intelligent choices. Advertising
and catalog descriptions—usually the
only means by which a prospective
buyer comes to know about books with-
out visiting a book store—are often in-
complete and misleading. So, where does
one go to find out which books are
“best”?

In any given area of electronics, the
best books are usually those which have

44

BY CARL C. DRUMELLER, W5JJ

been around awhile. These books, peri-
odically. updated and rereleased in num-
bered editions (some are updated annu-
ally), are usually old-time favorites that
have withstood the test of time.

In this two-part story, we will discuss
some of our favorite books. In this first
part, attention is focused on radio com-
munication books for amateur and com-
mercial radio. Part Il (which will appear
next month) will be devoted to books
on the technical school level, dealing
with electronics in general.

At first glance, the number of different
books suitable for the study of radio
communication seems almost limitless.
But by paring away the very specialized
books, a great many titles are removed
from the list of possible choices. In the
titles remaining on the list we find many
old favarites.

The first series of books to be dis-
cussed are concerned with amateur (or
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ham) radio communication. This group is
subdivided into handbooks, study guides
for license preparation, guides for assem-
bling ham stations, construction project
manuals, etc. Verv few, however, deal
with the important subject of station
operation.

For the person with a budding interest
in ham radio and who wants to find oul
more about it, there are three inexpen-
sive books which will help him to decide
whether or not he wishes to get involved
in the hobbv. They are all softcover
books. The titles are: llow To Become A
Radio Amateur ($1.00); 101 Questions
And Answers About Amateur Radio
($2.95); and So You Want To Become A
Ham ($4.50).

HHow To Become A Radio Amateur
starts off with a discourse on the lure of
ham radio to people in all walks of life.
It takes up a small amount of theory, just
enough to acquaint the reader with what
he'll be expected to know should he de-
cide to push on for his license. This is
followed by directions for building a sim-
ple receiver and low-powered transmit-
ter. The book also provides information
on obtaining a license, learning code,
setting up a station, and getting on the
air.

A different approach to ham radio is
employved by the authors of 101 Ques-
tions And Answers About Amateur Ra-
dio. This book anticipates questions that
might be asked and supplies satisfactory
answers. Although its publication date
is 1968, the information this book con-
tains is still valid. The book tells what
amateur radio is and—of equal impor-
tance—what it isn't. Being an amateur, as
contrasted to becoming a ham, is given
more thorough treatment than vou will
find in most books. Hence, this book em-
phasizes getting on the air through dis-
cussions of operating procedures, han-
dling message traffic, participating in lo-
cal and national clubs and organizations,
and the various public service aspects of
ham radio.

So You Want To Become A Ham gives
an excellent presentation of amateur
radio. It leads off with the usual back-
ground information, telling the reader
how to get his license, how to buy equip-
ment, and how to get on the air. A unique
feature of this book is its comparison be-
tween radiotelegraphy and radiotele-
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phony, giving a brief description of each.
Safety is stressed, and test procedures
are outlined. Operating the ham station
is given outstanding treatment, making
this possibly one of the best ham radio
books available.

Another series of books dealing with
ham radio concextrates on preparing the
reader to take and pass the various FCC
licensing exams. Some of the books are
concerned with only one class of license
(Novice. General, Advanced. or Exlira
Class). Most, however. cover all classes
since much of the information is com-
mon to all classes. differing only in de-
gree of detail.

Again, three titles come highly recom-
mended: Radio Amateur’s License Man-
ual ($1.00); Amateur Radio Advanced
Class License Study Guide ($6.95); and
the rather expensive Electronic Commu-
nication ($12.00). The last book is con-
cerned with both amateur radio and com-
mercial radio communication.

The Radio Amateur's License Manual.
though the most economical booklet, is
one of the most valuable guides around.
Much of its value accrues from the fre-
quency of its revisions: with every per-
tinent change in FCC regulations, the
manual is updated to assure that the
reader will not be confused by obsolete
and/or incorrect material. One unusual
feature of the manual is that it describes
the format of the FCC exam form and
gives advice on procedures for marking
answers. Information is given on the pro-
cedures for modifying and renewing li-
censes, portable and mobile operation,
and for complying with operational
requirements. Thirty pages are devoted
to rules and regulations.

Although it is titled Amateur Radio
Advanced Class License Study Guide,
Jim Kyle's book is suitable for use in pre-
paring for Technician, Conditional, and
General Class license exams. The mate-
rial in this guide is based on the 51 study
guide questions provided by the FCC.
The questions are grouped into ten sub-
ject areas, each of which is given a thor-
ough explanation. The object is to pro-
vide a smoothly coordinated discourse on
the whole subject. The style of writing
is chatty and the reading is easy: yet
the exposition is thorough. The text goes
deeply into theory in a manner that
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lcaves tne reader thinking that he has
been exposed to only casual reading.

A third approach to the preparation for
a radio operator’s license is presented by
Robert L. Shrader in his Electronic Com-
munication. This book is well worth its
high $12 cost by virtue of its thorough
treatment of every aspect of each subject
introduced. It smoothly accomplishes the
formidable task of schooling the reader
to prepare him for securing every grade
of operator license offered by the FCC—
both amateur and commercial! This is
accomplished without “snowing” the
reader who is interested in a Novice
Class license and without boring the ex-
perienced technician who is preparing
for his commercial Radiotelephone First
Class Operator License.

Electronic Communication begins with
basic topics, making no assumptions
that the reader knows anything about
the subject. At the end of each chapter
in the book there are questions relating
to the FCC exams and/or just plain
review questions. The FCC exam ques-
tions are for commercial operator li-
censes; those for amateur radio li-
censes are grouped near the end of the
book. Math questions do not exist as
such; math explanations in the text are
given only as a means of backing up or
clarifying the narrative. And no math
beyond high school level is used.

This author recommends two of the
many handbooks published for general
use by hams, technicians, and engineers.
They are The Radio Amateur’s Hand-
book ($4.50) and Radio Communication
Handbook (imported from Great Britain,
$12.95). Both books are outstanding in
their own rights.

The Radio Amateur’s Handbook, cur-

rently in its 48th Edition, has long been a
standard reference for radio amateurs,
and its total sales puts it at the top of the
list of all-time best selling technical pub-
lications. To achieve such a rating, the
Handbook has provided a complete blan-
keting of amateur radio technology. In-
dividual chapters treat the specialized
phases of theory, construction, and op-
eration. Throughout the Handbook, lib-
eral and effective use is made of photos,
drawings, graphs, and tables.

This is a unified handbook, devoting
detailed attention to bath theory and
practice and providing construction and
fabrication directions. There is a limited
amount of information given about the
operating procedures to be followed in
the legal and ethical operation of a ham
station. In all, if one were to master com-
pletely all of the technical knowledge put
forth in this Handbook, he would be a
very talented electronics technician and
a superior ham.

Going one step further into amateur
radio technology. the Radio Communica-
tion Handbook published by the Radio
Society of Great Britain ranks as an out-
standing manual for radio amateurs and
hobbyists who are interested in under-
standing construction projects, and for
technicians concerned with almost any
phase of electronic communication. An
outline of the subjects treated in this
book would be quite similar to that of
The Radio Amateur's Handbook men-
tioned above. But there is a difference:
the Radio Communication Handbook
goes into greater depth and detail. This
is evident not only in the theory explana-
tions but in the instructions for building
equipment as well.

Few American publications give the
precise details that are customary in

Among the best of volumes that
are devoted to commercial, am-
ateur, and general electronic
communications, these books
are noted for in-depth coverage.
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PUBLISHERS & SUPPLIERS
American Radio Relay League (ARRL),
225 Main St., Newington, CT 06111
Comtec Book Div., Box 592, Amherst,

NH 03031

gusta, IN 46268

McGraw-Hill Book Co., 330 West 42 St.,
New York, NY 10036

Rider Publications, 116 West 14 St.,
New York, NY 10011

Howard W. Sams & Co., Inc. 4300 West
62 St., Indianapolis, IN 46268

Editors and Engineers, Ltd., New Au-

thors of unquestioned technical capabil-
ity. The reading of this book is not light;
the reader is assumed to be an earnest
student of the art. But what the reader
learns is beyond doubt the most authori-
tative explanation of SSB available.

Studying for the several grades of com-
mercial radiotelegraph and radiotele-
phone operator licenses can be through
either the question-and-answer (Q & A}
approach or by perusing general theory,
law, and applications. The former is jus-

Tab Books, Blue Ridge Summit, PA
17214

D. Van Nostrand Co., Inc., 120 Alex-
ander St., Riverside, NJ 08540

tified only when the manual is used as a
vehicle for review of material already

British magazines and handbooks. But
even among the British publications, Ra-
dio Communication Handbook is remark-
able for the pains taken to omit no infor-
mation that could be of use to the reader.
(We have also found the “Radio Hand-
book” by Wm. I. Orr, published by Edi-
tors and Engineers, Ltd., a worthy addi-
tion to the electronics bookshelf.—Fditor})

It is not feasible to discuss books on
every specialized area in electronics.
However, among those people interested
in radio communication, there is heated
interest in VHF and SSB topics. Two
good books on the topic of very-high
frequencies (VHF) are the VHF Hand-
book ($2.95) and the Radio Amateur's
VHF Manual ($2.50). Each gives excellent
treatment to the subject. The material
presented is authoritative, avoiding ques-
tionable “fad” projects that diminish the
worth of almost every ‘“how-to” book
currently available. It would be difficult
to make a choice between these two
books, although the Radio Amateur’s
VHF Manual offers more pages for less
money. But at these prices, it is worth-
while to buy both books.

Single Sideband (SSB) transmitters
have become the standard for ham radio
communication; yet there is less general
understanding of its principles and prac-
tices than once was common for the for-
merly universal double sideband with
carrier transmitter. Many books have at-
tempted to amend this situation. Only a
few have succeeded. The best recognized
book on SSB is Single Sideband Princi-
ples And Circuits {$14.95) written by au-
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RADIO COMMUNICATION
BOOK TITLES
How to Become a Radio Amateur
(ARRL). Soft cover. 95 pages.

101 Questions and Answers About Ama-
teur Radio (Sams) by Bourne, Brown &
Sands. Soft cover. 112 pages.

So You Want to Become a Ham (Sams)
by Robert Hertzberg. Soft cover. 183
pages.

Radio Amateur’s License Manual (ARRL).
Soft cover. 100 pages.

Amateur Radio Advanced Class License
Study Guide (Tab) by Jim Kyle. Hard
cover. 189 pages.

Electronic Communication (McGraw-Hill)
by Robert L. Shrader. Hard cover. 682
pages.

The Radio Amateur’'s Handbook (ARRL).
Soft cover. 610 pages text, 32 pages
tables.

Radio Handbook (Editors and Engineers,
Ltd) by Wm. Orr. 896 pages.

Radio Communication Handbook (Com-
tec) (Radio Society of Great Britain).
Soft cover.

Radio Amateur's VHF Manual (ARRL).
Soft cover.

Radio Amateur’'s VHF Handbook (ARRL).
Soft cover.

Single Sideband Principles and Circuits
(McGraw-Hill) by Pappenfus, Bruene
& Schoenike. Hard cover. 382 pages.

The Radio Manual (Van Nostrand) by
Sterling & Monroe. 900 pages.

First Class Radiotelephone License
Handbook (Sams) by Edward M. Noli.
Soft cover.

Radio Operating Questions and Answers
(McGraw-Hill) by Hornung & McKen-
zie. Hard cover.

Radio Operator's License Q and A Man-
ual (Rider) by Milton Kaufman. Hard
cover.
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Best books (“Electronic Communication”
shown) use many illustrations to support text.

known. Used otherwise, they tend to en-
courage memorization and not true learn-
ing.

For the self-study handbook, one book
has enjoyed a well-earned reputation
since its first edition in 1928. Updated at
intervals, The Radio Manual is a book for
serious study. The tone of the text is a bit
ponderous, but the depth of subject treat-
ment and scope of text rank it as one of
the most effective sources of application
techniques and exam preparation. Just
about everything is covered from theory
to FCC Rules and regulations to the In-
ternational Telecommunications Union
treaty commitments of the U.S. This is a
handbook that will be well-thumbed long
after its owner has acquired his com-
mercial “ticket.”

In the less expensive soft-cover cate-
gory, Edward M. Knoll's First Class Ra-
diotelephone License Handbook ($4.95)

EDITOR'S NOTE

Inescapably, any assessment of the
value of a book is affected by the back-
ground, biases, and opinions of the
evaluator. The recommendations and
evaluations presented in this two-part
story are no exceptions to that rule.
However, they are based on 40 years of
the author's active participation in elec-
tronics. This participation includes in-
volvement as an amateur radio operator,
commercial radio operator, Signal Corps
Communications Officer, electronics en-
gineer, instructor in a technical institute,
and manager of a technical bookstore.
The biases may be there, but experience
is a good tutor.
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offers much the same material as is pre-
sented in the more expensive hard-cover
manual but in a somwhat more con-
densed version. The style of writing is
lighter and the reading is easier as a re-
sult. Good use is made of diagrams and
sketches. This book is both a handbook
and a Q & A “‘cramming” guide, combin-
ing the better features of each.

In the purely Q & A category, there
are two hard-cover books that share top
rating: Radio Operating Questions And
Answers and Radio Operator's Q & A
Manual. Each of these books is very
thorough in its treatment of the subject;
the answers are unstinting with words
and explanatory diagrams and graphs.
Both books cover commercial radiotele-
phony equipment and practices, related
power equipment, test equipment and
practices, ship radar, and the laws and
regulations relating to equipment opera-
tion. The first book also includes a sec-
tion on aircraft telegraphy operation and
a very extensive appendix—quite out-
standing in value to any radio operator.

No evaluation of any of the smaller
books that deal with only one class of
commercial license is given above. All of
the information needed for Third, Sec-
ond, and First Class Radiotelephone li-
cense preparation is included in the
books mentioned and is usually pre-
sented in a better manner. Studying such
manuals as those already mentioned
does away with time lost in traversing
topics common to each class of license.

{(Watch for Part 2, General Theory

and Hobby Books, next Month.)
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What

Makes
e

TRANSISTOR
Tick ?

UNDERSTAND TRANSISTORS WITHOUT MATH

THE TRANSISTOR is, without a doubt,

the most important component known
to modern electronics technology. It can
be found, in discrete form or as one of
many transistors in integrated circuits, in
every electronic device that typifies our
modern technology. The sophistication of
electronic computers, communications
and telemetry systems, electronic diag-
nosis equipment in medicine, and many
consumer items can be traced directly to
the transistor.

But as complicated in use as the tran-
sistor appears to be, understanding its
physical makeup and how it operates is
really simple. What frightens most begin-
ners to the study of solid-state devices is
the high technical and mathematical levels
most tutorial works employ in explaining
the devices. Many times, a better under-
standing of transistor theory can be ob-
tained from a nonmathematical treatment
—a device employed in the following

pages.

Germanium and silicon are the basic
crystal materials from which all transis-
tors are made. Because they have most
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BY ROBERT B. wOOD

of the properties of metals, which con-
duct electricity from one point to another
in the conductor, but under ordinary cir-
cumstances are nonconductive in the
manner of insulators, germanium and sili-
con are borderline substances. They are,
consequently, neither conductors nor in-
sulators according to the common defini-
tions.

In nature, an atom containing four elec-
trons in its outermost electron ring is a
stable, or electrically inert, structure.
Since electrons are the primary current
carriers in the conduction of electricity, it
is easy to see that any atom with a full
outer electron ring is, by definition, an in-
sulator, incapable of giving up an electron
to serve in the current carrying process.

In their pure states, germanium (Ge)
and silicon (Si) crystals are electrically
inert and behave in the manner of an in-
sulator. However, Ge and Si can be trans-
formed into current carriers simply by
adding minute amounts of impurities to
the pure crystalline substances through a
process known as “doping.” The addition
of impurities does not by any means
transform Ge and Si into good conductors

49




in the manner of metals such as silver and
copper. Instead, the doped crystals be-
have like a poor conductor, conducting
only small amounts of current. Hence,
they have come to be termed semicon-
ductors.

To understand why a semiconductor
does not perform in the traditional man-
ner of a conductor, it is best to compare
it to copper, the second-best conductor
available. Each copper atom has only one
electron in its outer ring. This electron is
loosely bound to the nucleus of the atom
and, under electrical influence, is relative-
ly free to wander as a conductor of cur-
rent. In Ge, on the other hand, due to the
privileged electron of the impurity, there
may be only one so-called “free” electron
per million atoms.

Now, when a copper conductor is sub-
jected to electrical influence, electron
swarms are free to circulate. This is not
true when a doped Ge or Si crystal is
subjected to the electrical influence. Al-
though the free electrons do circulate,
there are no dense swarms of them since
they are very few and far between.

The type of impurity added to the pure
Ge and Si crystal determines whether the
semiconductor will be n- or p-type. Al-
though the following analysis will focus
attention on Ge, it should be understood
that the discussion applies equally well to
Si.

To make n-type Ge, which has electrons
as the principal current carriers, a small
amount of arsenic or phosphorous (to
mention just two elements currently in
use) is scattered throughout the crystal.
Each of these impurities has five electrons
in its outermost electron ring. Now, if
only four electrons are required for a
stable electron configuration, arsenic and
phosphorous have one extra electron
apiece left over for current-carrying pur-
poses.

P N
DOD

DO®
oo | 29

D®D

Fig. 1. Typical pn junction representation.
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The p-type Ge, on the other hand, has
impurities such as boron, aluminum, or
indium added. In the uncharged state,
each of the impurity elements has only
three electrons in its outermost ring. So,
to attain stability, it must “borrow” an
electron from a neighboring Ge atom.

Once the Ge atom gives up an electron,
it has one more proton in the nucleus than
there are electrons in the electron rings.
Hence, it becomes a positive charge

P N

+ |1
il
Fig. 2. Pn junction is shown forward biased.

known as a “hole.” The word “hole” de-
rives from the fact that there is a vacancy
in the Ge atom into which electrons can
fall.

From our discussion thus far, it is easy
to see that in p-type Ge, holes are the
principal current carriers. (Although in
reality it is the electon that carries the
current: but the holes appear to do the
moving.) In the n-type Ge, electrons are
the principal current carriers.

The simplest semiconductor device, the
diode, can be represented by the diagram
in Fig. 1. The diode consists of a sand-
wich of n- and p-type material. Where the
two types of material touch, we have a
junction which is responsible for provid-
ing both transistor and diode action.

The hole carriers, which are circled
plus signs, predominate in the p-type ma-
terial. The electron carriers, which are
represented by minus signs, predominate
in the n-type material. Note that in both
types of material, the current carriers are
in a pronounced minority.

With no voltage applied to the diode,
no voltage difference exists between the
two types of material and the current car-
riers stay put. Now, connect a battery
across the diode as shown in Fig. 2, and
observe what happens.
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Fig. 3. Supermarket checkout counter can be used to explain ““hole” flow in a transistor.

The positive pole of the battery repels
the holes and attracts the electrons in the
p-type material. Likewise, the negative
pole of the battery repels the electrons
and attracts the holes. The repelled
charges move toward the junction where
some of the holes and electrons combine
and become neutral Ge atoms. For every
atom thus “neutralized,” an atom in the
p-type material loses an electron to the
positive pole of the battery and begins
a migration toward the junction.

With the battery connected to the diode
as shown, the semiconductor is forward
biased. In this condition, the continuous
hole replacement and drift toward the
junction process makes up the current
flow. The process will continue until the
battery is disconnected or it runs down.

As mentioned earlier, holes are only
apparent current carriers. It is the elec-
tron that still carries the current through
the semiconductor material to provide
current flow. During the interchange, no
atom of Ge leaves its place in the crystal.

To simplify the process of hole move-
ment, let us make an analogy to a super-
market checkout station. In Fig. 3, we see
four customers at the checkout counter.
One customer has already checked and
vacated the position in front of the cash-
ier, thus creating a hole. The next cus-
tomer moves up to the counter, in turn,
creating a hole behind him, and so on
down the line until all four customers
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Fig. 4. Junction is shown in reverse bias.
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have moved up one position. The check-
out counter remains where it is, just as
the Ge atom remains put in the semicon-
ductor. Only the customers have moved,
just as only the electrons in the semicon-
ductor move. The vacated space made by
each customer as he moves up only ap-
pears to have moved, just as the holes in
the semiconductor appear to move.

With the hole movement problem
cleared up, let us reverse the polarity of
the battery to obtain the setup shown in
Fig. 4. Here, the holes attracted by the
negative post of the battery move away
from the junction in the p-type material,
and the electrons attracted by the positive
post of the battery move away from the
junction in the n-type material. No cur-
rent flows, and the semiconductor is said
to be back, or reverse, biased, allowing a
minute amount of current to flow in the
reverse direction. If an alternating voltage
were applied to the junction instead of
dc, the current would flow each time the
junction is forward biased and cease
when the junction is reverse biased.

In a vacuum tube rectifier, half of the
ac cycle is neatly and cleanly eliminated
because of the large distance between the
anode and cathode of the tube—com-
pared with the contact made between the
n and p parts of a semiconductor diode.
In the latter, the minute reverse current
flow resulting from the privileged carriers
does not allow complete rectification. A
small portion of the unwanted half cycle
gets through, but it does not hamper ef-
fective rectification and, in most cases,
can be disregarded.

The transistor can be viewed as two
diodes connected back-to-back as illus-
trated at the upper left in Fig. 5. Each
diode consists of a block of n-type and a
block of p-tvpe material (remaining draw-
ing at top of Fig. 5). In the transistor, the
center block is shared by each of the outer
blocks in turn to make up the diodes.
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Fig. 5. Three methods of drawing transistor.

There are two basic types of transis-
tors. One is an npn with a block of p-type
material sandwiched between two blocks
of n-type material; the other is a pnp,
with two blocks of p-type material sepa-
rated by a block of n-type material. Sche-
matic symbols for each type are shown at
the bottom of Fig. 5. Note that in the
schematic representations the arrow on
the emitter always points toward the n-
type material (dlrectlon of hole flow)—
toward the base in the pnp transistor and
away from the base, or the emitter itself,
in the npn transistor.

The center block in the transistor is
known as the base, while the outer two
blocks are the emitter and collector. In
the practical transistor, the base is much
thinner than are the emitter and collector
blocks. This is done to aid in the amplify-
ing ability of the transistor.

In Fig. 6, we see both types of transis-
tors connected in amplifier configurations.
In both cases, the base-emitter junction is
forward biased in the direction of easy
current flow, while the base-collector
junction is reverse biased to oppose the
free flow of current. Hence, the emitter
and collector are said to be connected
series aiding, with control of the majoritv
carriers from the former to the latter di-
rectly dependent on the base drive.

Bear in mind that the transistor is a

current amplifier. This means that a base
drive signal in the form of a voltage must
first be converted to a current by passing
it through base resistor RB. Once con-
verted to a current and applied to the
base, it allows current to flow across the
base-emitter junction. The current tra
versing the junction is limited by the
value of RB and the level of the potential
supplied by input drive batterv B1l. As
long as current circulates through the
base-emitter junction. there will be cur-
rent flow through both junctions.

The collector current, resulting from
the flow of majority carriers from the
emitter through the base, is many times
larger and directly proportional to the
base current that initiates it. Because the
base region is narrow, most of the car-
riers moving through the emitter and into
the base are propelled into the collector.
In practical transistors, 92-99 percent of
the carriers from the emitter reach the
collector. Hence, almost all of the current
from the emitter flows through the col-
lector (on the order of hundreds of milli-
amperes), while it is controlled by a very
small base current (usually on the order
of only tens or hundreds of microam-
peres). That's amplification'

The amount of current that flows
through the collector is controlled by the
degree to which the base is biased by B1
(our base-drive signal), the collector po-
tential supplied by B2, and the load resis-
tor RL. If we fix the value of RL and the
voltage of B2 and substitute a variable-
voltage input signal for B1, we can easily
vary the output from zero to maximum.
Hence, it is possible to use the amplifier
for audio and r-f purposes.

The output signal from the amplifier is
in the form of a voltage. As the current
passes through the transistor and RL it
causes a voltage drop across each. The
voltage drop across the transistor, from
emitter to collector, is the output signal.
It is necessary for RL to be in the circuit
so that a voltage drop can be developed
across the transistor. 7

K N aYraYr
§ a 0 Fig. 6. Biasing arrange-
ml* N = & R — ment for npn transistor
2 1 is same as for pnp, ex-
PP AL IER NPN ML (FIER cept battery polarities.
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LOCK THE DOOR and throw away the

key! With an electronic combination
lock, you never have to worry about los-
ing the keys or locking them inside. All
you have to do is remember a five-
number combination. What's more the
combination lock described here needs
only a 12-volt supply so it can be used on
your car or boat with no attachments
or problems. The circuit of the lock is
unusually simple and uses silicon con-
trolled rectifiers for trouble-free opera-
tion.

The basic system, whose schematic is
shown in Fig. 1, uses only five pushbutton
switches for 120 combinations. However,
you can easily add to the circuit to pro-
vide for more combinations (720 for six
pushbuttons, 5040 for seven, etc.). The
combination can be changed easily and
quickly if you think someone has learned
what it is.

In addition, the system is timed so that,
even if the first number is chosen cor-
rectly, the rest of them must be chosen
within 3 seconds (which can be adjusted)
or the process must be started over again.

Theory of Circuit Design. The circuit of
the combination lock is essentially five
SCR’'s in series, with the last SCR in
the chain controlling a relay. The chain is
controlled by a UJT timing circuit and
“feedback’ from the relay.
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SIMPLE CIRCUIT
OPERATES
ON 12 VOLTS

BY DAVID E. FAHNSTOCK

When switch S1 is operated, its nor-
mally open section turns on SCR2 and it
latches in. With SCR2 on, there is a po-
tential of about 12 volts across R7, with
the junction of R7, C3 and SCR2 nega-
tive. This voltage is applied to the timer
circuit, charging C2 through R4 and C3
through R5. Capacitor C1 also starts to
receive a charge through R1, and when
this charge is sufficient, Q1 starts to con-
duct, producing a positive going spike
across R2. If the relay is de-energized,
its normally closed contacts are in se-
ries with SCR1. Thus, the positive spike
from Q1 causes SCR1 to turn on. The
resistance of R4 is too high to permit
enough current to flow through SCR1 to
latch it in. However, sufficient current is
supplied by the charge on C2 to main-
tain the latch until C2 is discharged.

While C2 is discharging, a voltage is
developed across R5 which is added to
that across C3. This causes the anode of
SCR2 to be at the same potential as its
cathode, turning it off. Since SCR2 is the
first in the SCR chain, which it turns off,
the complete chain is disabled.

When the various switches are oper-
ated before the Q1 circuit runs out of
time, the relay is energized. This simul-
taneously applies power to the external
circuit and opens the cathode circuit of
SCR1. Thus, as long as the relay is ener-
gized, SCR1 cannot turn off the chain
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even though Q1 keeps generating pulses.

To reset the alarm, any switch other
than S5 is operated. For example, if S3 is
depressed, the series circuit is broken
and SCR5 and SCR6 are turned off, de-
energizing K1. This enables SCR1 to op-
erate at the next UJT pulse.

Construction. The circuit is assembled
on a printed circuit board whose foil pat-
tern is shown in Fig. 2, which also shows
component layout. Install the semicon-
ductors carefully and observe the polar-
ities of the electrolytic capacitors. Use a
heat sink (such as long nose pliers) on
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the leads of the semiconductors when
soldering and use a low-power (35
watts) soldering iron.

In the prototype, the printed circuit
board and the switch plate were built as
two separate units, interconnected by a
length of multi-conductor cable. In this
way, the electronics board can be hid-
den, with only the pushbuttons available
for use. The pushbuttons can be arranged
in any configuration—as long as you
know which is which. The combination
can be changed by changing the positions
of the switches. The combination shown
in the prototype is 1-4-3-2-5.
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Although the pushbutton

panel is mounted in the
open, the actual control
board should be hidden
from view. If higher con-

trol power is needed, the
output relay can be used
to operate a power relay.

If you want to decrease the 3-second
timing for completion of the combina-
tion, reduce the value of R1 or C1. To
make the time longer. increase the value
of either of the two components.

The relay used can be any 12-volt tvpe
requiring low coil current. If the existing
contacts will not carry sufficient current

P
R3 Rll
!
cl
B2
gt/_
+ Bl
Bl —— - —
12v g2
‘J
—R5= l"
12v 11

for vour needs. use an external relay ac-
tivated through the contacts of the relay
on the board.

The lock described here was designed
for use with a 12-volt battery. llowever,
if vou want to use it on the 117-volt com-
mercial power line. a simple 12-volt dc
supply can be added. K

TO CONTROLLED
CIRCUIT
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R
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Fig. 2. Foil pattern and com:
ponent installation for the lock.
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4
Competition for jobs and promotions

‘ 4;' How to prepare for is severe in the electronics industry to-

t d y t-t- day. But experts say that exciting new

lectroni ducts will th [¢]

] oday s COMPEeUUVEe St i oy =
One thi i rtain: i d ti

job market, tomMOrrow’s . .25 comerinios come to e

man with an advanced, specialized

new opportunities knowledge of electronics. He has a bet-

. . ter chance of survival in a recession and
In electronlcs will profit more in times of prosperity
than the man with ordinary qualifications.
But how can you get the additional
education in electronics you need to
protect your future—and the future of
your family? Going back to school isn't
easy for a man with a job and family
obligations.
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CRE! Home Study Programs offer
you a practical way to get more educa-
tion without going back to school. You
study at home, at your own pace, on
your own schedule. And you study with
the assurance that what you learn can
be applied on the job immediately to
make you worth more money to your
employer.

You're eligible for a CREI Program
if you work in electronics and have a
high school education. Our FREE book
gives complete information. Mail post-
paid card for your copy. If card is de-
tached, use coupon or write:

CREI, Dept,ﬁ[ﬂWnsconsln Ave. &
Tilden St., Washington, D.C. 20016,
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College Credits for CREI Students

Recently CRE! affiliated with the New York Institute of Tech-
nology for the express purpose of making it possible for CREI
students to earn college credits for their studies. The New York
Institute of Technology is fully