‘WHY EARTHQUAKES ARE COMING—AND SOON!
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ﬂur DX Devil Packs Real DX Dynamlte

» Works Anywhere
« Tunes Anything
e Delivers 40-dB Gain
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uild an Electronic Sllde Rule
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CUT ANY MATERIAL with
Maval Super-HACK Bladesf

Haval Carhide
Dull Bits for
glass, steel. etc. in
diam, 1/16” and '5” for
$9 and "4 $t6 ppd

b Whirn hardeal mwetal e Tiles in Jess than 2 namiile
e even cneves or notehes i nedcrinds tocmerly coosidercd un
b B zedl il brichs, tnol steel. muarble.

barn
RTINS
ofnl K12

MEREDITH °e:;~§£:c#v° west s st
and now .. . NAVAL ROUND SAW

i, tar

%@:Z:":‘I/

B
%/E\ex\ eleciric
t L =" anll owner can

cut materials he
never could cut with
L cn(ulm saw betore

= . ce-
ramic tile, ’uum sheet
S~ meta] . . . slate
ﬁl)exgla« brick ce-
ment . stainless und other steels. even a hurdened file!

NAVAL Round Saw has silicon carbide grains imbedded in
an open weave nyvlon mesh. No sharp teeth urab the work
arnd throw it back at user. And it is a sanding disc too! Use
it to sand and shape all metals, wood. tile. glass, puint, rust.
et This 77 disc comes complete with 57 rubbe: dis¢ for
sanding and shaping applications, & 1,7 shank arbor, 2 steel
flanges and an excullent mslr\mtmn sheet

Order NAVAL Round Saw . . . $5 for one, J for $4.50 ea.
(total $13.50) 6 @ 84 ea. (ml:ll §24) .. .24 @ $3.50 ea.
(tatal $84)

COLONIAL
SPIKE
CANES

Hewn from u
single log of
jungle-hard-
ened wood

Inside sheath
a gleaming
round spike
Like canes =
carried byj

Britishh  tolo-
nial gentle-
men of Sin-
gapore and
Mandalay

Collectors’
items and s0011
not available

NAVAL JELLY ﬁr

is an extremely active new clean-
er that removes mst hy chemical
combination . . . sticks to verti- >
cals and overheads. Brosh it on. Q §
hose it off,
| Use on pipes, fences, tools, tanks, all machinery. Elimi-
1 nates sandblasting, seraping. ete. Busy and quick.

$50 %
REWARD )\,

for Anyv Spider
Bug, Inscet that /

=~

Buumaster Electric
Units tail to kill. 1ere
is vour antomadic, odor-
less electrical wav to rid
apartment. home, office
or plant of discuse carrv-
ine bugs, roaches, Heas.
bhedbugs, ants, moths,
silverfish.

KILL BUGS INDOORS

THE INSTITUTIONAL WAY
Mode! H—%9.95 plus 75¢ p&h
| Xtra Crystais for H—75¢ per box
Model G—%15.95 plus $1 p&h
] Xtra Crystals for G—%$1.50 per box
Model H— 6,000 cubic feet
Model G—12,000 cubic feet

"] Pkg. Chlorophyll Odor Kill Crystals 75¢
When Ordering refill crystals only please add 40: u:lu & hdlg

MEREDITH, “Fiihd i 15 ool
$70 AIR-GUN only $29. 95

[It_'le with chisel

is N -Gy
' el
e, e
Tre
oo 2
u Tl Oper u~ " 1 i
sors Madhe espeennliy G Wi
wiueer  mode tan Ly Al only
L g STO value,
s H 0 i s l'\h.l-v-' I

MEREDITH °""&‘A~‘s‘n§ i1y Mo, eat0s"

| unbreakable glass.

super-Hiack

140 @ .65/1b. $26 4= @ 2.00/1b. $8.00
(3 Uncarved 10= @ 1.50/Ib. $15 =4 ppd.—other units FOB KC
ISy Dept. EE-9, 310 West 9th St.,
Carved MEREDITH, KANSAS CITY, MO. 64105
$17.95 e S
ot o [ 3
‘ (G & LIQUID PLASTIC WATERPROOF in 30 MINUTES
Dragon) Polyurethane that applies like paint Adheres to practically anything, stops leaks. Ideal
we pay forms a skin so tough it won't crack. for concrete, aluminum, wood, masonry, canvas. any
postage chip or peel. Cuts painting costs . . . metal. Clear-—any major color. Just specify. $5.95

covers and protects like a shield of per gt.. $18.50 per gal. We pay all shipping costs.

Order NAVAL 5.

| MEREDITH SEPARATDR Co., Dept. EE-9, 310 West 9th St., Kansas City, Mo. 64105

Ship s follows: Satsfactinn Guannieot: Carbide Drills specify diancter

6 Bugmasiers as cheeked alwve Round Nuws s
'\nr Guns Air Gun Extris Navil Jelly s vhiecked alanwve
Gal spike Cones 0 Carved Unerarved
oo, o< BT D e ] AddRESSE sp B 3Emicrg S e T I S T - - B
AAAAAAAAAAAAA State . v L Pl a s e
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Cast your ballot for a successful future!

266 1CS COURSES

and theory you can apply immedi-
ately. Mastery of subject is assured.
No skimping. You earn your diploma.

Why mark time when you can
mark the coupon and get a fast, sure
fix on your best course to success.

w

ACCOUNTING
Accounting (U.SA)
Accounting (Canadian)
Accounting for Business
Programmers
Accounting for
Management Decislons
Auditing
Business Law (U.S.A.)
Cost Accounting
CPA Review (US.A.
General Accounting
Income Tax (U.S.A

24
i»

You get the widest choice from ICS

AUTOMOTIVE

Automatic Transmission
Specialist

Automobile Body
Rebuilding & Refinishing

Automobile Elec. Tech'n

Automaobile Engine Tune-Up

Automobile Mechanic

Automobile Technician

Diesel-Gas Motor Vehicle
Engines

BUSINESS

:dv’erlltinx

Industrial A

Junior Accounting
Office Accounting
Practical Accounting
Public Accounting
Small Business
Accounting (U.S.A.
Starting and Managing a
Small Bookkeeping
Service (US.A)
ARCHITECTURE
AND BUILDING
Architectural Drawing
and Designing
Architecture
Building Contractor
Buhiding Estimator
Buliding Ins‘;eclor
Building Maintenance
Carpenter-Builder
Carpentry and Millwork
Fundamentals of
Urban Planning
House Planning and
fnterior Design

Mason
Painting Contractor
Reading Arch. Blueprints
Review in Architectural
Design and Practice
Review of Mechanical
Systems in Bulldings
ART
Amateur Artist
Commercial Art
Commercial Cartooning
fllustrating with Options:
—Magazine
—Advertising Layout and
Hiustration
Interior Decorating
0il Painting for Pieasure
Show Card and
Sign Production
Show Card writing
Sign Painting and Deslgn’g
Sketching and Painting

Approved for veterans
under the G.I. Bill.

Accredited member,

Convenient payment plan.

Special Canadian courses
in French and English.

atiol
Business Practice {Cond
Canadian Business Course
Condensed Marketing
Direct Mail and Mail
Order advertising
Industrial Psychology
Inventory Control
Mag. & News'p'r Adv.
Managing a Retail Business
Managing a Smail Store
Marketing Managernent
Marketing Research
Modern Executive Mgmt.
Otfice Automation
Office Management
Production Management
Purchasing Agent
Retail & Local Advertising
Retail Bus. Management
Relail Merchandising
Retail Seiling
Systems and Procedures
Anaiysls
BUSINESS: SALES
Creative Salesmanship
Real Estate Salesmanship
Saiesmanship
Sales Mamagement
BUSINESS:
SUPERVISION
Basic Supervision
Industrial Foremanship
Industrial Supervision
Management,
Salesmanship and Sales
Modern Woman as 3
Supervisor
Personality Development
Personnei-Labor Relations
US.A,

Supervision
CHEMICAL
Chemical Engineering
Analytical Chemistry
Chemical Engineering
Unit Operations

Clip coupon

Chemical Laboratory Tech'n

Chemical Process Operator

Elements of Nuclear Energy

Generat Chemistry

Instrumental Laboratory
Analysis

civiL
ENGINEERING
Civil Engineering
Construction Eng’r'g Tech.
Highway Engineering Tech.
Principles of Surveying
Reading Highway BV’ pts
Reading Structural Brpts
Sanitary Engineering Tech.
Sewage Plant Operator
Structural Eng'r'g Tech
Surveying and Mapping
water Works Operatar
COLLEGE
COURSES

American History
Calculus Economics

COMPUTERS
COBOL Programming
Fortran Programming for
Engineers
Pragramming for Digital
Computers
Programming the IBM
1401 Computer
Programming the I1BM
System “360 Computer,
Introduction
DRAFTING
Alreraft Dralting
Architectural Drafting
Design Drafting
Drafting Technoiogy
Electrical Drafting
Electrical Eng'r'g Drafting
Electronic Drafting
Introdugctory Mech. Drafting
Mechanical Dratting
Pressure-Vessel and Tank
Print Reading
Sheet Metal Layout for
Alr Conditioning
Structural Drafting
ELECTRICAL
Elactrical Engineering
—Electronics Option
—Power Option
Electrical Appliance Serv'g
Electrical Appitance Serv's
with Equipment Trainlog
Electrical Contractor
Electrical Eng’r'g Tech.
Electrical Home Maint.

—oldest, largest home study school.
Check the list. (Also available, pro-
grams tailored to your special
needs.) You receive individual in-
struction, plus success-proved facts

Electrical Home Maint.
with Equipment Tralning
Electrical Instrument Tech.
Eiectric Motor Repairman
Industrial Electrical Tech.
Power-Line Design & Const.
Power Plant Operator
—Hydro Option
-Steam Option
Practical Electrician
Practical Electrician with
Equipment Training
Practical Lineman
Reading Electrical BI'pts
ENGINEERING
(Refresher Courses
for Graduate

Englneera)

Chemical Civil Electrical
Industrial Mechanical
Sanitary Structural

ENGLISH AND
BETTER WRITING
Better Business Writing
Englishfor Spanish (U.S.A.
Free Lance Writing for
Fun and Profit
Introductory Tech. Writing
Modern Letter Writing
Practical English
Short Story Writing
HIGH SCHOOL
High School Business
High Schoal (Canadian)
High School General
High School Mathematics
High School Secretarial
High Schoal Vocational
High School Coilege
Preparatory—Arts
High School College Prep.
Eng'r'g and Science
Preparatory Course for
High Schoal Equiv. Test
MACHINE SHOP
PRACTICE
Drili Operator
Foundry Practice
Industrial Metallurgy
Lathe Operator
Machine Shop Inspection
Machine Shop Practice
Metallurgica) Eng'r'g Tech.
Milling Machine Operator
Multicraft Maint. Mech.
Practical Millweighting
Reading Shop Prints
Rigging
Tool Engineering Tech,
Tool Grinder  Tool Making

here . .. take your first step to real success!

INTERNATIONAL CORRESPONDENCE SCHOOLS Dept. N2334G, Scranton, Penna. 18515

(In Hawali: P.0. Box 418, H

Canadian

mall to

I'm interested in a program of independent study.

Send me, without cost, your bookle
your illustrated brochure on the 1CS metho

Miss

on thetrrinciples of success,
, and your catalog for___ R S
(Print name of course. See [Ist.)

Turret Lathe Operator
Welding Engineering Tech.
Welding Process
MATHEMATICS
Advanced Mathematics
Math and Mechanics for
Engineering Technicians
Malh and Physics for
Engineering Technicians
MECHANICAL
Mechanical Engineering
Aircratt and Power
Plant Mechanic
Hydraulic & Pneu. Power
Industrial Engineering
Industrial Eng'e’g Tech.
Industrial Instrumentation
Machine Design
Quality Control
Satety Engineering Tech.
Tool Design
Vibration Analysis
and Control
PETROLEUM
Natural Gas Production
and Transmission
0ii Field Technology
Petroleum Production
Petroleum Production
Engineering Technology
Petroleum Refinery Oper.
Pipeline Engineering Tech
PLASTICS
Design of Plastic Products
Plastics Techniclan
PLUMBING,
HEATING AND AIR
CONDITIONING
Al Conditioning
Air Conditioning #laint.
Domestic Heating with
Gas and 0il
Domestic Refri

SECRETARIAL
Cierk-Typist Commercial
Secretary. Englneering
Secretary, Legal

Secretary, Medical
Secretary, Professional
Shorthand  Stenographic
Tyoewriting

STEAM AND
DIESEL POWER
Boiler Inspector

Industrial Building Eng’r
Power Plant Engineering
Statlonary Diesel Engines
Stationary Fireman
Stationary Steam Eng'r’g

TEXTILES

Carding

Carding and Spinning
Dyeing and Finishing
Loam Fixing Spinning
Textile Designing

Textiie Mill Supervision
Textlle Technology
Warplng and Weaving

TRAFFIC

Motor Tratfic Management

Raliway Rate Clerk

Tratfic Management

TV-RADIO-

ELECTRONICS

Color Television Principles
and Serviting

Electronics Instwman,on
and Servo Fundamehlals

Electranics Technician

First Class Radio-
telephane License

Fundamentals of Electronic
Computers

General Eiectronics

General Eiectronics with

Heating
Heating & Air Conditioning
with Drawing
Industrial Air Conditioning
Industrial Heating
Pipe Fitting Plumbing
Piumbing and Heating
Plumbing & Heating Est.
Practical Piumbing
Retrigeration
Refrigeration and
Air Conditloning
PULP AND PAPER
Paper Machine Operator
Paper Making Pulp Mak'g
Pulp & Paper Eng'r'g Tech.

Training
HI-F1 Stereo and Sound
System Servicing
Industrial Electronics Tech.
Numerical Control
Electronics and Maint.
Practical Tetephony
Principles of Semlconductor
Radio & TV Servicing
Radio & TV Servicing
with Equipment Training
Second Class Radio-
telephone License
Sound Systems Specialist
TV Servicing and Renaif
Telephony, Electronics. &
Radio Communications

ICS, Scranton, Penna. 18515

address—further sefvics handled by ICS Canadian Ltd.)

Age

Mr.

City

Speclal rates to members

of the U.S. Armed Forces.

ELEMENTARY ELECTRONICS is pub
South, New York, N.Y. 1000
Science and Mechanics Put

1
[
1
1
National Home Study Council. : NSt
1
1
[
1
1
[

Address

Occupation..

hed bimonthly at $4.00 per year
3[. .S_er mﬁ! ass posiage paid at New York
s J.

_Employed by

State
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by Science & Mechanics Publishing Co.
N.Y. and at additional mailing office. Copyrigh? 1968 by

working Hours——AM. 1o

Zip Code-

P.M.

229 Park Avenue
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glementary

Elecironics

Dedicated to America’s Electronics Hobbyists

SWL CONSTRUCTION SPECIAL
w 41 DX Devil—a devilishly hot little preselector that puts pizazz aplenty in most any
shortwave receiver around!

THREE CHEERS FOR DX:
18 DX Central Reporting

% 65 DX the Capitals of the World—our hot-off-the-press directory to the world’s
Jjumpingest metros and the frequencies you'll find them on

FEATURES FRAMED FOR FUN

% 31 Forecast: Earthquakes—ifyou're planning a move, any planet but earth looks good

45 X Marks the Time—mini-electronics for master clocks

64 Homer Hackleby, Electronics Genius—pride went before his fall

69 The Weakest Link—how to handle your fuse drain

93 A Basic Course in Electricity and Electronics Part IV—Understanding Trans-
formers

CONSTRUCTION PROJECTS

Computer Goes to Pot—e/e’s all-electronic slide rule

49 Touchomatic—switch a kilowatt with a light touch

61 Wall Phone Wireless—Ma Be/l shoulda thought of this one
81 Cigar Box Spark Coil—zaps an air gap with 25,000 volts/

HAPPENINGS FAR & NEAR
30 Underground—cartoon page
® 38 When There Are Grey Skies—you’re in for lethal lungfulls
’- 56 Code 99—heartbeat of a hospitall
68 Booze by the Button—a device for the pause that refreshes
89 Computer Cuts Up ... and how/—want to program a bikini?
91 Jump, Then Run for Your Life—a report on the action trail

b
&

TIMELY TIPS ON TAP ‘.‘""3
76 We've Got Some Case—small package packs a lot S
77 Stringing Out the Sound—CB and mowing lawns do go A0
together! :
86 Painting With Light—fricky way fo show off your shack g
AS OUR LAB SEES IT o EiDEL
59 Knight KG-666 Inverter/Charger @
THE REGULARS
8 Random Noise—editorial chit-chat
12 Hey Look Me Over—
15 rélewScan—e/e%tronics in the news n e
20 En Passant—chess column I S |
22 e/e Etymology iu‘mﬁ".‘,"‘!‘?‘”"‘”ﬂ{ l
24 Literature Library—info you can use Elecironics B
Cover Photo by Leonard Heick en woxmuna:;.v;)xonmm
ezt |
AUTHORS IN THIS ISSUE: SRbpedse
John W. Collins, Webb Garrison, Charles Getts, C. Hansen, b %,
Erik Horneman, Jorma Hyypia, Jim Kyle—K5JKX, Robert {ad kY i
* Levine, Marshall Lincoin—W7DQS, Clarence Massey, D. T A d
Monson, Edward A. Morris—WA2VUL, Jack Schmidt, Hart- & 8% i
Cover land B. Smith—W8VVD, Gary W. Towner, Art Trauffer, and e o snsnran S
Highlights the ELEMENTARY ELECTRONICS' Editorial Staff. * Btk Esnctrachss Gido M i
» Touchamatts t% the Toueh ot Tee |

ELEMENTARY ELECTRONICS
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COMMERCIAL OPERATOR

N\ LICENSE

This booklet

is part of the Grantham ’REE." - 2
A. S. E. E ===

This free booklet
DEGREE CURRICULUM ot
FCC license and
In today’s world of electronics employment, an ASEE degree can
FCC license is important —sometimes essential—  do for your tuture.
but it’s not enough! Without further education,
you can’t make it to the top. Get your FCC license degree curriculum, are available by corres-
without fail, but don’t stop there. To prepare for ~ pondence™ at very reasonable tuition. The
the best jobs, continue your clectronics education ~ ASEE Degree can be earned by correspondence
and get your Associate Degree in Electronics. with @ minimum of one semester in residence.

This is good common sense for those who want
to make more money in electronics. It also makes
sense to prepare for your FCC license with the  Grantham School of Electronics is accredited
School that gives degree credit for your license by the Accrediting Commission of the National
training — and with the School that can then take ~ Home Study Council, and is approved for both
you from the FCC license level to the Degree level. ~ correspondence and resident training under the

The first two semesters of the Grantham degree  G.I. Bill. Mail the coupon, or simply write or
curriculum prepare you for the first class FCC  telephone for your free copy of our Associate
license and radar endorsement. These two se-  Degree Bulletin which gives complete details
mesters, in addition to other parts of the Grantham  of our educational program.

Accreditation, and G.1. Bill Approval

*Semesters 1, 2, and 3 of the Grantham clectronics cur-
riculum are availablc also in resident classes at our Wash-
ington, D.C. school — at the address shown below.

Grantham School of Electronics EE 9-68 |
1505 N. Western Ave., Hollywood, Colif. 90027

Please mail me your free catalog, which explains how
Grantham training can prepare me for my FCC License
and Associate Degree in electronics. I understand no
salesman will call.

o Established in 195]

Grantham School of Electronics

e e e e e e e e e S e e

Name Age
1505 N. Western Ave. 818 18th Street, NNW.
Hollywaod, Calif. 90027  °"  Washington, D.C. 20006 A ~
Telephone: Telephone 2
(213) 469-7878 (202) 298-7460 s i
SEPTEMBER-OCTOBER, 1968 5
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electronics?

—then get your electronics cool with this
introductory offer to the two leading elec-
tronics magazines! Use coupon:

e e e e e e e e —

| DAVIS PUBLICATIONS, INC. EE-968 |
| 229 Park Ave. S./New York, N.Y. 10003 |

Yes! | want to find the key to electronics. I
B Begin my subscription to both RADIO-TV |
EXPERIMENTER and ELEMENTARY ELECTRON- '
ICS at your special low-subscription rate of I
$7.00

O Bill me later.
Name .....
Addiess
City

O Check enclosed.

B R R T

D R I T I T N S P S

[P 1 €1 LT 4 . S

I
|
I
I
I
I
I
I
|
I
I
I
L

—Now, both of thesc fine magazines will be
delivered to you at the special subscription rate
of just $7.00 . .. save $2 from newsstand price.

ELEMENTARY
ELECTRONICS

The magazine that serves up
electronics theory in pleasant
spoonfuls and reinforces the
knowledge you gain with

n
wiam

§owmn  awer
e o

exciting and useful projects.
RADIO-TV ——
EXPERIMENTER /i e

Radie- o
EXPEBIMENTER

The magazine dedicated to the - mamasnus s
hobbyist—the man who
wants to obtain a fuller and
broader knowledge of
electronics through the

applications of his hobby.

glementary

Electronics

Sept./Oct. 1968 Vol. 7/No. 1

Dedicated to America’s Electronics Experimenters

Editor-in-Chief
JULIAN M. SIENKIEWICZ
WA2CQL, KMD4313
Managing Bditor
RICHARD A  FLANAGAN
KQD2566

Technical Editor
CLIFFORD L. FORBES
KBQ8535
Art Editor
JIM MEDLER
News Editor
HELEN PARKER
KQD7967
Art Director
ANTHONY MACCARRONE
Cover Art Director
IRVING BERNSTEIN
Associate Art Director
JOHN YUSKO
Art Assoeiate
JACK GOLDEN
Advertising Manager
JIM CAPPELLO
Production Manager
CARL BARTEE
Assigtant Production Manager
PAULA S. HELFANT
Kit Division Manager
WILFRED M. BROWN

Presgident and Publigsher
B. G. DAVIS
Erecutive Vice-President and Assistant Publisher
JOEL DAVIS
Vice-President and Editerial Direclor
HERB LEAVY, KMD4529
Vice-President and Production Director
LEONARD F. PINTO
Vice-President and Treasurer
VICTOR C. STABILE, KBP@681

ELEMENTARY ELECTRONICS tVol. 7, No. 11 is published bi-monthly
by Science & Mechanics Publishing Co., o subsidiory of Davis
Publications, Inc. Editorial, business and subscription offices: 229 Park
Avenue South, New York, N.Y. 10003. One-yeor subscription isix
issues)—$4.00; two.yeor subscription (12 issues!—$7.00; ond three-
year subscription (18 issuest—$10.00. Add $1.00 per year for postage
outside the U.S.A. and Conoda. Advertising offices: New York, 229
Park Avenue South, 212-OR 3-1300; Chicago: 520 N. Michigan Ave.,
312-527-0330; Los Angeles: J. E. Publishers’ Rep. Co., 8380 Melrose
Ave., 213-653-5841; Atlanta: Pirnie & Brown, 3108 Piedmont Rd., N.F.;
404-233-6729; long lsland: Len Osten, 9 Garden Street, Great Neck,
N.Y., 516-487-3305; Southwestern advertising representative: Jim
Wright, 4 N. 8th. St., St. louis, 314-CH-1-19685.

EDITORIAL CONTRIBUTIONS must be accompanied by return postage
and will be handied with reasonable care; however, publisher assumes
no responsibility for return or safety of manuscripts, art work, or
photographs. All contributions should be addressed to the Editar,
EIEMENTARY ELECTRONICS, 229 Park Avenue South, New York, N.Y.
10003.

Second-class postage poid of New York, New York and at odditional
mailing office. Copyright 1968 by Science ond Mechanics Publishing Co.
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Here’s a new, complete ICS course in
TV Servicing that costs less than $100.

With the first two texts, you can
repair 70 percent of all TV troubles.

You need no previous experience to take this com-
plete, practical course in TV Repairing.

You don’t even have to know a vacuum tube from
a resistor. Yet in a matter of months, you can be
doing troubleshooting on color sets!

Course consists of 6 texts to bring you along quickly
and easily. 936 pages of concise, easy-to-follow in-
struction, plus 329 detailed ilustrations. You also
receive a dictionary of TV terms geared directly to
course material so you'll understand even the most
technical terms.

Instruction is simple, very easy to grasp. Photos
show you what a TV screen looks like when everything
is normal, and what it looks like when trouble fouls
it up. The texts tell you how to remedy the problem,
and why that remedy is best.

Quizzes are spotted throughout the texts so you
can check your progress. At the end of the course,

SErTEMBER-OCTOBER, 1968

you take a final examination. Then you get the
coveted 1CS® diploma, plus membership in the ICS
TV Repairman Association.

By the time you've finished the course, you should
be able to handle tough, multiple TV problems, on
color sets as well as black and white.

This new TV Servicing and Repair Course has been
approved by National Electronic Associations for
use in their Apprenticeship program. Because of its
completeness, practicality and price, it is the talk of
the industry. The cost is less than $100—just slightly
over Y2 the price of any comparable course on the
market today.

Remember, the sooner you get started on your
course, the sooner you'll be turning your spare time
into real money. Fill out the coupon and mail today.
we'll rush you ©°™ complete information at no obli-
gation toyou. J
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By JuLian M. Sienkiewicz, Editor

here’s nothing that’ll take the devil out of

a boy and his dog faster than our very own
DX Devil—a one field-effect transistor short-
wave booster his dad can put together in a
weekend. Our cover boy is Gary Buiger, and
the beagle is called Gladys; the glove is a
Mickey Mantle model, and the ball is a used
official American League horsehide fouled into
the stands by Yogi Berra years ago. But that’s
enough chitchat; back to the DX Devil. It's a
tunable shortwave preselector that’ll add mucho
poop to any SW rig such as the Heathkit GR-43
(a unit that also pulls in the BCB, FM, and
long-wave bands) shown on our cover. Inter-
ested? Then discover and build our DX Devil
for yourself—see page 41.

w&& W

LEIWEE

=
i

s

Here's Gary twisting the knob of the DX Devil
which is connected to the Heathkit GR-43.
This photo is very important to us since it's the
first photo we've run in years o placate

the dog Jovers of America.

4-Meg! The American Radio Relay League,
ARRL to most of the ham fraternity, has pub-
lished its 4,000,000th copy of the Radio Ama-
teur’s Handbhook, First published in 1926, the
Handbook is among the top 25 all-time, non-
fiction bestsellers on a recent list. It is the stand-
ard reference work, not only for hams, but for
many electronic professionals as well. This Edi-
tor used the fHandbook as a textbook when he
learned his electronics many moons ago and
still considers it an important part of his refer-
ence library. Why don’t you get a copy? Sce
your local ham or parts deuler, or check the
pages of your favorite mail-order catalog.

Rosel H. Hyde (left), Chairman of the FCC,
receives the four-millionth copy of the Radio
Amateur's Handbook from Robert W. Denniston,
President of the ARRL. Also present were
Wayland M. Groves, ARRL First Vice President
(left, background) and Everett Henry, Chicf,
Amateur and Citizens Radio Division, FCC.

Computers Shoot Sevens! Scientists “playing
dice” with the structurc of the carth have won
the game at odds of about a million to one.
Their results show that our planet’s structure
is very likely to be much more complex, and
of different proportions, than most geophysi-
cists have thought. Five million models of the
earth were calculated by a computer; only six
survived when tested against what is actually
known about the earth.

That the earth has threc main divisions—a
central core, an intervening mantlc, and a very
thin crust—has been known for a long time.
Fact is, it was some 300 years ago that Isaac
Newton noted that the average density of the
earth was five to six times that of water. Since
the rocks on carth’s crust are only about three
times as dense as waler, the casc for heavier
material insidc was cinched. During the last 60
years, scicntists have not only found layers
within these divisions but have also Icarned to
estimate the depths of these internal layers with
increasing confidence. However, the computer
models of the earth's structure indicate the
previously assumed dimensions for the core and
mantle, and the layers within them, could well
be off by many miles.

ELEMENTARY ELECTRONICS
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Previously, all known carth models based on
observation were founded on certain assump-
tions. Among them: a chemically homogencous
mantle below 600 miles, and a relationship be-
tween the velocities of carthquake waves and
internal chemical composition based on {abora-
tory test of minerals and rocks.

These assumplions are not nccessarily true
of the real earth, Dr, Frank Press of Massachu-
setts Institute of Technology believes. on the
basis of the five million computer models. His
calculations were made using what is known
mathematically as the Monte Carlo method;
that is, the various figures were fed into the
computer on a completely random basis, as
when dice are thrown, and the resulting mathe-
matical model then tested to see how closely
it resembled the real earth.

Of the six that passed this examination. all
had a larger core than is usually assumed for
the carth. with the outer, fluid core consistent
with an ailoy of iron and 15 10 25 percent sili-
con. The inner, solid core, Dr. Press belicves.

(Continued on page IO‘)

o

L 2t 1)

Okay, okay! What's this doing in the
middle of an electronics editorial column?
This is tough to believe, my dear readers,
but our pretty girl. Donna Wright. is mod-

w

cling an electronic beach hat. The mod
- chapeau was designed by engincers at
Motorola's semiconductor products divi-
sion in sunny Phoenix. And therein lies
the reason why it's decorated with hun-
dreds of integrated circuits and transistors,
used widely in computers, space cquip-
ment, automotive and consumer products.
I don't know how the engincers will ex-
plain this to their wives, but company
officials claim it was all in the line of duty.

e |
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SHOPPING MART

Selection of products available by mail. Money-back
guarantee. Order by Stock No. Send check or M.O.

“SINGING CRYSTALS'"~——See May-June Feature Article

Do s erystallugiraphy project—
illustrate with large beautiful
Crystals you grow yourself.
study and demonstrate factors

v W W ts

> atfecting  wrowth. refraction.
.‘ piezoelectric effeet. symmetry,
: etc. Incl. bunk Crystuls &

Crystal Growing® plus gener-
l wus nuprly of chemicals to
wrow 7 lurge dlsplay crystais
telear, purple, blue-green,
‘ yreen and red).

e
Stock No. 70,336EK . . . ... .%$9.50 Ppd.
TOP-QUALITY LOW-COS‘I’ STROBE

& 2 Creme npu cular psychedelle
b i ot with this gen.

strobe. Terrific

u special occnzions,

exper ertect  for

en

combios, n-um clubs. dances.
cxhibitions.  Adjusts from 1 to
10 short-duration Ruashes per
second—not 8 make.shift me-
chanlcal device. Amaze friends
with  old-ume movle effects.
Best party ice-brenker ever—

reeze'' e actlon and Ctun-
Practieal Iuo—cnock action of moderate speed
Ve diam. reflec.

freeze™ your fruesis.
machinery. Xenon lamp gives one million llashes. 6
wr. Usexs rewr. 110-120 volt A.C. current. Handsome solld walnut
cablnet, H1y"x053" by 4" Rend for Bulletin 2 75—deseribes other
startlinigly new unigue lighting effeets.

Stock No. 70,989EK .$79.95 Ppd,

“FISH".WITH A MAGNET

Go treasure hunting on the
bottom! Fascinatlng  fun &
sometlimes profitablel Tie &
line to our 5-Ib. Magnet—drop
it overboard in bay, river. lake
or ocean. Troll it along bot-
tom—your ‘‘treasuve’’ haul can
be outboard motora. anchors,

other metnl valuables. 5:1b,
Muunol Is war surplus—Ainlco
V Type—Gov't. cost $50. Lifis
over 150 1bs. on lund—much
Kreater welghts under swater.

Stock No. 70,571EK. . .. . . .$12.50 Ppd.

23 ELECTRONIC PROJECTS in 1 KIT
- o e v l Nuw easlly bulld 23 fascinat-
ing  electroule  projects  that
| really work ineluding transls.
tor radio recelvers, phono-am-
plifier, e¢lectronle organ, bur-
#lar  alarm, fashing  beacon
ete. Complete, foolproof indi-
vidual templnte for each uuxdel
clearty shows barta to be used.
Peghoard  assembly.
lusn m»d step by
& b1 — dure No nuldvrlng or tools
% e 4 reduired. Put It toReier—work
l!,—t.nk(- it apart quickly and easlly. Abhsolutely safe—uses Inexpensive
-V battery. _Grest fun—educstlonal too.

Stock No. 70.904EK . . @ .$27.95 Ppd.
STARTER KIT (Parts for 8 Projeus)
Stock No. 70.903EK . . ... ... .......o..nu.en $17.95 Ppd.

ROTATING MULTI COLORED LIGHT
D'|z7llm. colors stream  end-
sly from constantly roiating
ht. Facetted, transparent
ulohe has louvered drum in-
slde with . ¥reen. blue &
yellow stars. Bulb heat rotates
drum which projects filckering
star polnts on walls, cellings,
etc. while indlvidual globe fae-
ets present constantly chang-
ingz array of ULrilliant colors.
984" sar—approx. 12 high
on hell-shaped hase.  Surpris-
v» TV, firepluce, or Xmas tree top.
.$G.00 Ppd.

inizly llght. Faslly placél o
Stock No. 71.000EK

FLY 9. FT HOT AIR BALLOON

Ft 1l Rises 10 amazing
m-h m i just hot air. Sup-
pilled with tether attached. so
can be uRed over and over.
Easy 1o make, launch, tly.
Loads of fun. Great for cele-
bratlons. science fairs. plain
fun. Will 1t model gliders,
parachutes, instruments, cte.—
anything up 10 V2 Ib, Approx.
5 ft. diam. when fully in-
flated. Kit contains 10 pre-cut
red & white gores (No. 1
modei paper), 6 ft,
....................... $2.00 Ppd.

MAIL COUPON FOR FREE CATALOG

148 PAGES! 1000'S OF UNUSUAL BARGAINS! I
Completely new 1968 cdition. New items, cate-
gories. ilustratious. 148 ensy-to- read _ pages I
packed with nearly 4000 unusual alns, Dozens
of electrienl and electromaynetic nalla accessories. |

Enormous_ seiecilon of Astronomical Telescopes.
FOR FREE CATALOG "“EK"

2 E SEND

300 EDSCORP BUILOING
s BARRINGTON NEW JERSEY 08007
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Look What's New

NEW HEATHKIT In-Circuit Transistor Tester

At last, a realistic price for in-circuit testing of transistors' The new
Heathkit IT-18 Tester has the facilities you nced and it costs a lot
less. It measures DC Beta in-or-out-of-circuit in 2 ranges from 2 to
1000 (the spec. commonly used by mfirs. and schematics to determine
transistor gain). It tests diodes in-or-out-of-circuit for forward and
reverse current to indicate opens or shorts. Measures transistors out-
of-circuit for ICEO and ICBO leakage on leakage current scale of
0 to 5,000 uA. Identifies NPN or PNDP devices, anode and cathode
of unmarked diodes; matches transistors of the same type or oppo-
site types. Cunnot damage device or circuit even if connected incor-
rectly. Big 4% 200 uA meter. 10-turn calibrate control. Completely
portable, powered by “D" cell (long battery life). Front panel socket
for lower power devices. Attached 3’ test leads. Rugged polypropylene
case with attached cover. Build in 2 hours. 4 Ibs.

NEW HEATHKIT 1-15 VDC Regulated Power Supply

Labs, service shops, hams, home experimenters . . . anybody working
with transistor circuitry can use this handy new Heathkit All-Silicon
Transistor Power Supply. Voltage regulated (less than 40 mV variation
no-load to full-load; less than 0.05% change in output with input
change from 105-125 VAC). Current limiting; adjustable from 10-500
mA. Ripple and noise less than 0.1 mV. Transient response 25 uS. Out-
put impedance 0.5 ohm or less to 100 kHz. AC or DC programming
(3 mA driving current on DC). Circuit board construction. Operates
105-125 or 210-250 VAC, 50/60 Hz. 6 lbs.

NEW HEATHKIT Low-Cost 5 MHz 3" ‘Scope

Here is the wideband response, extra sensitivity and utility you need, all
at low cost. The Heathkit [0-17 features vertical response of 5 Hz 10 5
MHz; 30 mv Peak-lo-Peak sensitivity; vertical gain control with pull-
out X350 attenuator; front panet 1 volt Peak-to-Peak reference voliage;
horizontal sweep from internal generator, 60 Hz line, or external source;
wide runge automatic sync; plastic graticle with 4 major vertical di-
visions & 6 muajor horizontal; front mounted controls; completely
nickel-ulloy shielded 3" CRT solid-state high & low voltage power sup-
plies for 115/230 VAC, 50-60 Hz, Zener diode regulators minimize trace
bounce from line voltage variations; new professional Heath instrument
styling with removable cabinet shells; beige & black color; just 914" H.
x 5%7 W. x 144" L.; circuit board construction, shipping wt. 17 lbs.

NEW HEATHKIT Solid-State Portable Volt-Ohm Meter

There’s never been a better buy in meters. Solid-state circuit has FET
input, 4 siticon transistors (2 used as diodes), and 1 siticon diode. 11
megohm mput on DC, 1 megohm on AC. 4 DC volt ranges, 0-1000 v,
with +397 accuracy; 4 AC volt ranges, 0-1000 v. with + 5% accuracy.
4 resistance ranges, 10 ohms center scale x1, x100, x10K, x1 M, measures
from 0.1 ohm to 1000 megohms. 44", 200 uA meter with multicolored
scales. Operates on “C" cell and 8.4 v. mercury cell (not included).
Housed in rugged black polypropylene case with molded-in cover and
handle and plenty of space for the three built-in test leads. An extra
Jjack is provided for connecting accessory probes to extend basic ranges.
Controls include zcro-adjust, ohms-adjust, DC polarity reversing switch,
continuous rotation 12-position function switch. Easy-1o-build circuit
board construction completes in 3-4 hours: 4 lbs.

NEW HEATHKIT/Kraft 5-Channel Digital
Proportional System with Variable Capacitor Servas

System Kit This Heathkit version of the internationally famous Kraft system saves
6D-47 you over $200. The system includes solid-state transmitter with built-in
321995 , =5 charger and rechargeable battery, solid-state receiver, receiver recharge-
able battery, four variable capacitor servos, and all cables. Servos fea-

ture sealed variable capacitor feedback Lo eliminate futlure due to dirty
contacts, vibration, eic.; three outputs; two linear shafis travel %” in
simultaneous opposite directions plus rotary wheel. Specify freq.: 26.995,
27.045, 27.095, 27.145, 27.195 MHz.

10 ELEMENTARY ELECTRONICS
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From Heath NOW, THE YUNER AND AMPLIFIER OF

THE FAMOUS HEATH AR-15 RECEIVER ARE
AVAILABLE AS SEPARATE COMPONENTS

NEW HEATHKIT AJ-15 Deluxe Stereo Tuner

For the man who already owns a fine stereo amplifier, and in response
to many requests, Heath now offers the superb FM sterco tuner section
of the renowned AR-15 receiver as a separate unit. The new AJ-15 FM
Stereo Tuner has the exclusive design FET FM tuner for remarkable
sensitivity, the exclusive Crystal Filters in the IF sirip for perfect re-
sponse curve and no alignment; Integrated Circuits in the IF for high
gain, best limiting ; elaborate Noise-Operated Squelch; Stereo-Threshold
Switch; Stereo-Only Switch; Adjustable Multiplex Phase, two Tuning
Meters; two variable output Stereo Phone jacks; one pair variable
outputs plus two fixed outputs for amps., recorders, etc.; front panel
mounted’ controls; “Black Magic” panel lighting; 120/240 VAC op-
eration. 18 lbs. *Walnut cabinet AE-18, $19.95.

NEW HEATHKIT AA-15 Deluxe Stereo Amplifier

For the man who already owns a fine stereo tuner, Heath now offers
the famous amplifier section of the AR-15 receiver as a separate unit.
The new AA-15 Sterco Amplitier has the same superb features: 150
watts Music Power; Ultra-Low Harmonic & IM Distortion (less than
0.5% at full output); Ulira-Wide Frequency Response (+1 dB, 8 to
40,000 Hz at 1 watt); Ultra-Wide Dynamic Range Preamp (98 dB);
Tone-Flat Switch; Front Panel Input Level Controls; Transformerless
Amplifier; Capacitor Coupled Outputs; Massive Power Supply: All-
Silicon Transistor Circuit; Positive Circuit Protection; “'Black Magic”
Panel Lighting; new second system Remote Speaker Switch; 120/240
VAC. 26 I1bs. *Walnut cabinet AE-18, $19.95.

NEW HEATHKIT 2-Meter AM Amateur Transceiver

2-Meters at low cost. And the HW-17 Transceiver has 143.2 10 148.2
MHz extended coverage to include MARS, CAP, and Coast Guard
Auxiliary operation. Output power of tube-type transmitter is 8 to 10
watts, AM, 4 crystal sockets plus VFO input. Relayless PTT operation.
Double conversion solid-state superhet. Receiver has | uV sensitivity
with prebuilt, aligned FET tuner. ANL, Squelch, “Spot” function, and
lighted dial. Signal-strength/relative power-output meter. Battery saver
switch for fow current drain during receiving only. |5 transistor, 18
diode, 3 tube circuit on two boards builds in about 20 hours. Built-in
120/240 VAC, 50-60 Hz power supply and 3" x 5" speaker; fow profile
aluminum cabinet in Heath gray-green; ceramic mic. and gimbal mount
included. 17 lbs. *Optional DC mobile supply, HWA-17-1, $24.95.

2 GD-77
: = :
NEW HEATHKIT Home Protection System | swo R et
Customize your own system with these new Heathkit units to guard the | - - 33995,
safety of your home and family. Warns of smoke, fire, intruders, freezing,
cooling, thawing, pressure, water, almost any change you want to be
warned about. Your house is already wired for this system, just plug GD-87
units into AC outlets. Exclusive “loading” design of transmitters gen- Smoke /Heat
erates unusual signal which is detected by the Receiver/Alarm. Solid- - Detector-
state circuitry with fail-safe features warns il components ol system - Transmitter
have failed. Any number of units may be used in system. Receiver/Alarm =
has built-in 2800 Hz alarm and rechargeable battery to signal if power 3 ; 34995
line fails (built-in charger keeps battery in peak condition). Receiver \ ;
accepts external 117 VAC bells or horns. Smoke/Heat Detector-Trans-
mitter senses smoke and 133°F. heat (extra heat sensors may be added : GD-97
to it). Utility Transmitter has several contacts to accept any type switch 3 | Utility
or thermostat to guard against any hazard except smoke. All units L) Transmitter
feature circuit board construction and each builds in 3-4 hours. All are . 1 el e € %ﬁr g3495

small and finished in beige and brown velvet finish. Operating cost
similar to that of electric clocks. Tnvest in safety now with this unique

new low-cost Heathkit system.
—— e e m HEATEII IT" | .
N EW HEATH COMPANY, Depe. 139-%

HEATHKIT 1968 | : Benton Harbor, Michigan 43022 !
e )@ In Canada, Daystrom Ltd. [
e FREE 1968 CATALOG! | O feclosediss o plus shigping. i
' Now with mare kits, more color. | Please send model (s) —a |
) Fulty describes these along with l [ Please send FREE Heatiikit Catado.

. & over -300 'kits for stereo/hi-fi, O Please send Credit Application. |
! color TV, electsonic organs, etec- ' Name |

W8 §  toc guitar & amplilier, amateur | B T .
radio, marine, educational, CB, Address. I
#  home & hobby. Mail coupon of | - 1

write Heath Company, Benton | City.

Harbor, Michigan 49022, i - € spec !
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look me

OVer...

New Products
that caught
the Editor's eye

Versatilize Your Car Radio

With the aid of this lil' converter, model 191
from Mobilefone, you can receive police and
fire calls, aircraft, business radio, utilities, taxi-
cabs, etc.. all on your car radio. Solid-state
design, crystal control, 1 MHz band spread by
tuning broadcast receiver. The 191 operates

Mobilefone Mode! 191 RF Converter

directly from a 12-volt car battery, and new
improved circuitry reduces noise level. The
frequency range is 25-175 MHz. The easy-to-
mount case measures only 5x 2V x2% in,
the finish is black wrinkle and gold. Weighs
1 Ib, price $39.95. Write for more specs to
Mobilefone, Box 1132, Anderson, Ind. 46015.

Men of Parts, Organize!

Here’s a beautiful portable ool and small
parts storage/organizer, called the Tool-Mate.
Taking only a minute to assemble. its overall
dimensions are 11% x14x7 in. Molded of
high-impact styrene, the Tool-Mate provides 39
different tool-holding slots for screwdrivers,
wrenches, pliers. etc.. as well as two jumbo
storage bins (2V4 x 63 X 53 in.). Also, there
are four dust-free drawers, 1% x 234 x 5% in.
The carrying handle is guaranteed not 1o break.

Reully a place for everything and all this for
only $4.98. Available at local 5-&-Dimes and
hardware stores. For additional information,
write Akro-Mils, Inc., Box 989, Akron, Ohio
44309,

Akro-Mils, Inc. Tool-Mate

Painless Eavesdropping

With the T-1110
Phone Monitor you
can hear both sides of
a telephone conversa-
tion without the need
for getting another ex-
tension phone or for
interfering with the
call.  Unit is com-
pletely sclf-contained,
with no physical con-
nection to the tele-
phone, and is supplied
with an earphone for
listening. Powered by
long-life 9-volt battery (supplied), the Kalimar-
Tronics T-1110 retails at $7.95 complete. If
you wanl to know more, write to Kalimar-
Tronics, Inc., 2644 Michigan Ave., St. Louis,
Mo. 63118.

g

Bargain Alignment Facility

All you servicemen will be happy to hear that
Heath has come out with a post marker gen-
erutor kit for only $99.95. The 1G-14 is solid-
state, crystal-controlled and will give fast,
accurate color and FM alignment. The 1G-14
has 15 switch-selected crystul-controlled mark-
ers; all controls and switches are up front. With
trace and marker amplitude controls you can
use a regular scope. and stage by stage align-
ment is easier. With its input and output con-
nections you can use it with any sweep genera-
tor and scope, and it also has an external mark-
er input. BNC connectors are used throughout.
Markers are injected after the sweep signal
passes through the set being tested, thereby
eliminating the scope trace distortion usually

ELEMENTARY ELECTRONICS
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SPEED DRIVING OF BRISTOL
AND ALLEN HEX TYPE SCREWS

;"

Heathkit 1G-14 Post Marker Generator Kit

generators are used. The variable bias supply, ("\ No. 99PS-60

0to 15 VDC @ 10 milliamps, is isolated from = =/ Bristol Multiple Spline Type
the chassis so either positive or negative bias Screwdrlver Set

can be used. Four marker frequencies are pro-
vided for setting color bandpass, one marker i
for TV sound, eight at the IF frequencies be- o
tween 39.75 and 47.25 MHz. and markers for . i
channel 4 and 10 picture and sound carriers for

checking tuner RF response. For FM there are

visible markers at the 10.7 MHz center fre- | :itahnddi?y;?tt:rsblfar%ens\
quency plus 100 kHz markers on each side. The -048” thru 183"
stackable cabinet is finished in beige and black,
and everything except the front panel swiiches
and controls mount on two circuit boards, even
the crystals. More info? Write Heath Co., Ben-
ton Harbor, Mich. 49023.

found when injection or absorption type marker Ill

Paint-Up Time in the Ole Shack

i ) (.‘) No. 99PS-40 Allen Hex

When you do that Fall Cleaning and Paint- | \@/ Type Screwdriver Set
ing in your shack that you put off from last
spring, here’s an ingenious aid. The Princess
Rolo-Matic is a self-feeding paint roller that
climinates the roller pan, the drip, the general
mess. The Rolo-Matic can also be used for
waxing, wall and ceiling cleaning, and washing |
windows. Its greatest feature is that the liquid |

saturates the roller from the inside, not the

%

Hex diameters
from .050” thru X"

.

HMEAVY DUTY COTTON SLEEVE
POLYESTER FOAM

i - PERFORATED ROLLER
- -
TG

‘é— ey

e WA A G 1
==

Compact, interchangeable blade, Xcelite sets permit
quick selection of the right tool for the job. With
greater reach than conventional keys, these handy
blade and handle combinations make it easier to get
at deep set or awkwardly placed socket screws,
simplity close quarter work.

Each set contains 9 precision formed, alloy steel,
4” blades; 4" extension; shockproof, breakproof,
amber plastic (UL) handle with exclusive, positive
locking device.

Sturdy, see-thru plastic cases fit pocket, have flat
bases for use as bench stands.

NICKEL-PLATED
STEEL TUBE

R

fo) = P
L | |
M. H. Flowers O,, | |
Princess Rolo-Motic M | | XCELITE INC. - 80 BANK ST., ORCHARD PARK, N. Y. |
A | Send Bulletin N365 on 99PS-60 and 99PS-40 sets. |
T | name — |
IC | : address = :
city state & zone |

e - e —e=
SRONBES— B s e o s e s i T Y i e oo <4
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HEY, LOOK ME OVER

outside. For $2.98 you can own this time and
strain saver by writing to M. H. Flowers & As-
sociates, 1573 Mesquite, Wichita Falls, Tex.
76302.

Be the Flash of the Party

Bend your guests’ minds with the Mini-
Strobe, a slim unit that plugs into any 110 AC
outlet. An adjusting knob can create many psy-
chedelic or slow-motion movie effects. The
flash rate can be varied from 1 10 10 cycles per
second. In a solid walnut cabinet, the Mini-
Strobe weighs only 32 Ibs., with a 6-in. alu-
minum reflector. The price is $79.95 and it
comes from CosCo Research, Inc., Dept. DP,
3524 N. Tejon St, Colorado Springs, Colo.
80907.

CosCo Research Mini-Strobe

Fuzz Finder

This good-looking set is the Kaar QJ75. an
all solid-state FM monitor receiver operable on
up to six crystal-controiled channels within any
1 MHz segment of its 137.5-174 MHz fre-
quency range. You can run it from a 12-VDC
or 115/230-VAC source and it may be mounted
under the dash for mobile use or on a table top
or shelf at fixed locations. The QJ75 cun be
used for monitoring public safely, industrial,

Kaar Model QJ75 FM Monitor Receiver

land transportation and marine communica-
tions as well as for receiving U.S. Weather
Bureau broadcasts on 162.55 NMHz. With a sin-
gle channel the QJ75 is $350.00, with each
additional channel approximately $20.00. For
full details write to Kaar Electronics Corp.,
1203 St. Georges Ave. W, Linden, N.J. 07036.

Hobbyists, Get HEP!

Motorola has come to the aid of experiment-
ers with an integrated circuit kit containing five
popular integrated circuits. The devices in the
kit include two dual 2-input gates and one each
J-K flip flop, dual buffer, and 4-input gate. Also,
the kit includes a booklet on the theory and use
of ICs; eight integrated circuit projects for the
experimenter and an IC cross-reference guide.

MOTOROLA

mntnnd  HEK-Y

TIRS O 451

[15%

INTEERATED E{REHH
5 puillihges

Motorola HEK-1 IC Experimenter Kif

Some of the enticing projects outlined in the
booklet are an audio signal generator, ultra-
high gain amplifier, 4-input mixer. precision
tachometer, sine-square wave converter. mini-
ature RF probe. electronic siren. and frequency
standard. The whole kaboodle is only $3.95—
available at Motorola distributors, or write to
Motorola’s HEP Div., PO Box 955. Phoenix.
Ariz. 85001. -]

//DE[N‘K;;\\
LD
See ]
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Mini Color

The engincers at Ampex Corporation have
come up with a color broadcast television cam-
era that's approximately one-third the weight
and two-thirds the cost of conventional models
and designed for both studio and remote. The

new Ampex camera weighs less than 50 pounds |

with viewfinder compared to more than 150
pounds for standard studio color cameras. It
costs approximately $50,000, well below the

New Ampex color broadcast felevision camera fea-
fures easy-to-handle lightweight camera cable that
permits greater maneuverability by cameraman than
ever befora possible with a studio color camera.
Camera can be operated on 3,000 feet of light-
weight cable weighing just 375 pounds, compared
with 1.5 tons for a similar length of conventional
color camera cable.

SEPTEMEER-OCTOBER, 1968

rancis Bucon' Benjamin Frank

\WHAT SECRET POWER
DID THEY POSSESS?

Wb_y were these men great?

How does anyone—man or woman-—achieve
greatness? Is it not by mastery of the powers
within ourselves?

Know the mysterious world within you! At-
tune yourself to the wisdom of the ages! Grasp
the inner power of your mind ! Learn the sccrets
of a full and peaceful life!

Benjamin Franklin, statesman and inventor
.. . Isaac Newton, discoverer of the Law of
Gravitation . . . Francis Bacon, philosopher
and scientist . . . like many
other learned and great men THIS BOOK
and women . . . were Rosicru- FREE
cians. The Rosicrucians (NOT
a religious organization) have
been in existence for centuries,
Today, headquarters of the
Rosicrucians send over seven
million pieces of mail annually
to all parts of the world. Ad-
dress: Scribe N.H.Z.

TTW a'\

Jhe ROSICRUCIANS

San Jose (AMORC) California, 95114, US.A.

-
| 1
g Pl Includ
| Scribe N.HZ. YoefrseZi;Cé’o(fe [
| The ROSICRUCIANS |
| (AMORC) |
| San Jose, California, 95114 US.A. I

| please send me the free book, The Mastery o
| Life, whi ’ I

Life, which explains how I may learn to use my
: faculties and powers of mind. I
| Name. {
I Address }
= City {
I State Zip Code |
L oo e et tome e o e e i e Tt i e e o o et o ]
15

www americanradiohistorv com


www.americanradiohistory.com

NEWSCAN

$75,000 average of studio color cameras now
in use. It produces pictures equal to or better
than larger studio cameras. It may be set up
faster and operated easier because of its small
size and two-tube design, and it offers complete
picture stability for 12 operating hours without
readjustment,

Because of its small size and miniature, light-
weight cable, it will add flexibility to multi-
camera productions and remote pickups of net-
works, television stations and commercial pro-
duction houses. Because of its quality, it will
be an ideal first camera for those broadcasters
going to color.

The dramatic reduction in camera size is
made possible by the use of just two television
tubes. Standard cameras use either three or
four tubes. In addition, the camera makes max-
imum use of integrated circuits and contains a
minimum of circuit redundancy. The new
Ampex design permits the use of approximately
one-half the electronics of conventional color
cameras.

Astro Ward

The Apollo program now has a mobile quar-
antine unit which will be used to house return-
ing lunar flight crews. Consisting primarily of
a specially modified aluminum trailer with an
interconnecting tunnel, the isolation unit is one
of four which has been ordered by the NASA.
Need for such specialized equipment results
from unknown aspects of the lunar surface ma-
terials which astronauts will collect and return
to earth for study and inspection.

The special quarantine trailer will house crew
members and support personnel while in transit
to the Lunar Receiving Laboratory in Houston.
Immediately following splashdown, astronauts
will exit from the command module (space cap-
sule) and enter the isolation compartment
through an air tight plastic tunnel,

Hllustration shows the mobile
quarantine facility made by
Melpar, Inc., which will be used

to biologically isolate the transport
returning Apollo astronauts. Lunar
crew members will exit from the
command module, left, directly
into the trailer unit through the

air tight connecting tunnel.

The trailer shell is fabricated of heat-treated
aluminum which hus been constructed to ensure
an air and watertight condition. 1t is approxi-
mately 35 feet long and weighs less than 10,000
Ibs. when fully occupied. The entire unit is
pallet-mounted for air transportation and comes
equipped with a single hoisting sling for place-
ment aboard ship or flat bed truck.

Booze Hounds, Watch Qut!.

A portable alcohol detector, only a little
larger than a shoe-box and as accurate as pres-
ent clinical tests, may soon be in the hands of
our police. A battery-operated demonstration
unit has been built by General Electric for
showing to interested Jaw enforcement agencies.

Called the “Infrared Intoxograph,” the unit
has a number of advantages over conventional
blood, breath, \and urine analyses. Since the
device is small and self-powered, it can be car-
ried in a patrol car so a police officer can test
a suspected drunken driver at the point of ar-
rest, rather than at a police station or hospital.
The test requires less than five minutes.

The Intoxograph is easy to operate and a
police officer can be completely trained in ijts
use in less than an hour. Accuracy of analysis
does not depend on the skill of the officer. A
permanent rccording of the analysis, like those
produced by radar speed instruments, is made
which can be used later as court evidence.

The Intoxograph is based on the technique of
infrared spectroscopy; no chemicals are used in
the detection process. Preliminary tests of the
Intoxograph at an electronics laboratory have
shown that it is as accurate as any of the clinical
tests now accepted as court evidence in cases of
intoxication.

Most of the alcohol detection techniques cur-
rently used by luw enforcement agencies cannot
distinguish between ethanol, which is the type
of alcohol common to all alcoholic beverages,
and acetone, which is a chemical produced in
the body of a diabetic person prior to a coma.
The Intoxograph detects only ethanol and there-
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General Electric’s Electronics Laboratory new
portable device measures precisely the amount of
alcohol in a person's system by analysis of his
breath. By festing suspected drunken drivers at the
point of arrest, the time spent by a police officer
with a drunken driver can be cut from three hours
to 45 minutes or less.

fore cannot confuse a diabetic with an intoxi-
cated person.

The principal advantage of the new device is
the amount of time that can be saved by a
police officer in the handling of a suspected
drunken driver. On the average, an officer
spends three hours or more from the time he

apprehends a suspect until the suspect is finally |

booked or released. Discussions with various
law enforcement agencies indicate that this time
could be cut to 45 minutes or less by using the
Intoxograph.

Look, Ma, I'm on TV!

A community antenna television system was
recently employed in the Alice, Texas, public
schools 1o record special teaching methods for
use in a teacher's workshop. As a public serv-
ice. the CATV system was asked to tape 10

separate classroom activities to emphasize spe- |

Fred Dowdy, system manager, is shown operating the
television camera while the teacher, Mrs. Margaret
Salazar, directs her students at the Saenz Elemen-
tary School in a creative writing project.
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NEWSCAN

cific teaching objectives. The classroom activi-
ties were planned, rehcarsed and finally taped.
The edited tapes were shown luter at a teacher’s
workshop and proved to be invaluable in aiding

the teachers to reevaluate their classroom
methods.
Alice Cable Television, operator of the

CATYV system for Jerrold Electronics Corpora-
tion, also plans a secondary use of the tapes.
The company, with the cooperation of the
school board, will run the tapes on its system
in a special program for subscribers.

In a continuing program of cooperation with
the local schools, Jerrold also has agreed to
assist the public schools in McAllen, Texas, by
running a cable directly into the classrooms.
The schools will be able to originate their own
programs for distribution over CATV system.

They Don’t Need Ice Cubes

Polar pack ice, one of the most unforgiving
environments on Earth, has dealt harshly with
intruders since man first attempted organized
polar exploration in the 16th century. To this
day, only one party has reached the North Pole
by overland travel and lived to report it; and
no man has done it since Admiral Robert
Peary’s dogsled ordeal in 1909. Six adventurers
(five Minnesotans and one Canadian) from var-
ious walks of life failed last year after 52 rugged
days. They learned from their mistakes.

In their second attempt to become the first

(Continued on page 105)

Thermoelectric generator, here af winter training
camp of Plaisted Polar Expedition in northern
Minnesofa, will be lone sentinel for vital fuel
cache 200 miles from the North Pole. Beacon on
top "beeps’ continuously to guide aircraft to
fuel needed for planes and snowmobiles. Deputy
leader Donald E. Powellek is expedition's radio
and electronics expert.

°e s

News and views
from e/e’s-
listening post

More Fallen Giants

Last issue we talked about some former
powers in international broadcasting. But,
through the years another kind of SW giant
has held sway in Latin America. In most
of these republics, whichever group that hap-
pens to be in power operates at least one potent
transmitter on the international SW bands.
When that group is overthrown, the giant is
slain, sometimes a kW at a time and then
eventually replaced by another equally pow-
erful voice.

Broadcasting in the Dominican Republic, for
example, closely follows this pattern. Through-
out the 50s La Voz Dominicana, owned and
operated by the Trujillo family, was widely
heard by SWLs on 31 meters. In 1960 as the
regime became more ambitious and aggressive,
a second outlet, R. Caribe, appeared on the
scene. When the regime was overthrown, La
Voz Dominicana was merged with R. Caribe
which later became R. TV Santo Domingo
(HISD). Also, with Trujillo’s overthrow, the
name of the capitol city has been switched back

CIRCUITO RADIAL RI2T-HI3T. Hi4T
3 2 g -
I

M
2 R S, SRR

MUIT: 31, M- 4n 9728 K C-7300 W
M7 1640 X C-10.000 W

HIsT- 49 M $9T0L.C.7500 W

Fundado:.Prosidante-tovocers.
1_ARISMENDI TRUIILLO M.

QSL card from former Latin powerhouse La Voz
Dominicana which has now become R. Quisqueya.
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from Ciudad Trujillo to the traditional Santo
Domingo.

For a time HISD dropped 31-meter opera-

tions entirely and transmitted only on 49 meters '

(6090 kHz) along wjth the BCB of course.
Then, this year, R. TV Santo Domingo created
a new international division, R. Quisqueya,
who promptly reactivated 3! ‘meters (9505
kHz) and imported numerous English language
tapes. At present these are a weird mixture
of programs from the Broadcasting Founda-
tions of America, faith healers and United
Nations productions. It will be interesting to
see, or we should say hear, how their format
develops in the next few months.

Weird Signal Dept. Occasionally those DXers
who roam around between the SWBC bands
will encounter strange series of musical notes
repeated over and over. SWLs, who sit on
one of these stations, are really apt to blow
their cool when the transmitter either suddenly
dlsappears or, better still, a voice begins speak-
ing in an unknown tongue. In fact such inci-
dents are probably responsible for most of
the “lost in space” legends which originate in
shortwave circles. Such tales have eminated
from Alaska, Italy, Germany, Sweden and
Texas.

But these strange sounds do not come from
secret satellites nor from Mars, but are test
signals used by certain international telephone
organizations. One of the longest of these se-
quences, and therefore the most spectacular,
is a 22-note job used by the Portuguese Marconi
Radio Co. (CRPM) with headquarters at
Lisbon. The HQ station transmits on many fre-
quencies. Some of those logged recently include
7805 and 10905 kHz.

CRPM also operates shortwave telephone
links in all Portuguese colonies like Angola.
Mozambique, etc., and the two mentioned may
occasionally come on strong with that 22-note
jazz. But, what happens if you hear someone
with say 30 notes? Call your local UFO club.

“In" Games. Want to be famous as an in
DXer? Well, the way to do it isn't to log us
many stations, or QSL as many countries as
possible. The real knack of becoming famous
is to pick some special branch of the hobby and
then hammer away at it, as loudly as possible,
until a major portion of the DX fraternity is
so sick of hearing about it theyre ready to
stage a necktie party in your honor. And when
that happens you'll automatically attract a
small, but very loyal, group of followers.

But the category you select must be very
very specialized—for example, daytime DX on
the medium wave (AM) BCB. What is the
most distant BCB station you can hear be-
tween 1100 and 1500 local standard time? How
many stations over 100-miles distant? How
many states? Ironically, stations receive very
few reports for this time period and you might

(Continued on page 106)
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BY JOHN W. COLLINS

m This is my sccond time around with an
introduction to the opening. middle-game. and
ending. Seven issues ago I gave examples of
four standard debuts: Ruy Lopez. Queen’s
Gambit Declined, Sicilian Defense. and King’s
Indian Defense. Here are four more of the
big ones.

English Opening. This one derives its name
from the great English master Howurd Staun-
ton (1810-1874). It is really a Sicilian Defense,
with colors reversed. A positional debut. it is
subject to transpositions, and strikes at the Qs

And Black’s ideas are to provide against an
attack on his KB2. prepare a counter-attack on

K35, and to

“break™ with P-QB4 and P-KB3.

An old line in it is the Classical Variation:

SR

gygi// : / g

White

White stands slightly better.

1 P-K4 P-K3 8 P-B4 P-QB4!
2 P-Q4 P-Q4 9 N-B3 N-QB3
3 N-QB3 N-KB3 10 PxP! NxBP
4 B-KN5 B-K2 11 0-0-0 P-QR3
5 P-K5 KN-Q2 12 B-Q3 P-QN4
6 BxB QxB 13 N-K2! B-N2
7 Q-Q2 0-0 14 N/3-Q4
Black

King’s Gambit Declined. The King’s Gambit

is a swashbuckling opening, full of open, attack-
ing. sacrificial play. White stakes a Pawn for a
dominating center, better development, and an
attack along the King's Bishop file. Many prac-
tical players, with safety and the time-clock in
mind. refuse the proficred Pawn und uadopt
the Declined version below which ends in the
diagram position.

square. It runs:

1 P-Q84 P-K4 8 P-Q3 0-0
2 N-QB3 N-KB3 9 B-K3 P-B4!
3 P-KN3 P-Q4 10 N-QR4 P-B5
4 PxP NxP 11 B-B5 B-N5
5 B-N2 N-N3 12 R-B1 B-Q3
6 N-B3 N-B3 13 BxB PxB
7 0-0 B-K2

Black

Equal chances.

The French
born in a correspondence game between Lon-

French Defense. Defense was

don and Paris in 1834, Its ultra-virtuoso is
former World Champion M. M. Botvinnik.

1 P-K4 P-K4 7 P-B5 P-R3
2 P-KB4! B-B4 8 Q-K2 B-Q2
3 N-KB3 P-Q3 9 B-K3 N-Q5
4 N-B3 N-KB3 10 BxN PxB
5 B-B4 N-B3 11 N-Q1 0-0
6 P-Q3 P-QR3! 12 0.0 R-K1
Black
White
The position now offers equal chances.
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Nimzowitsch-Indian Defense. Known for
short as the Nimzo-indian, this opening bears
the name of Aron Nimzowitsch, a Latvian-
Danish grandmaster. Characterized by the
pinning move 3 . . .. B-NS5 it exerts pressure
on K5, and threatens to double White's Queen’s
Bishop’s Pawns. The Rubenstein Variation of it,
which follows, is the most fashionable today.

1 P-Q4 N-KB3 8 P-QR3 B-R4
2 P-QB4 P-K3 9 Q-B2! BPxP
3 N-QB3 B-N5 10 KPxP PxP
4 P-K3 0-0 11 BxP BxN
5 B-Q3 P-Q4 12 PxB P-QN3
6 N-B3 P-B4 13 R-K1 B-N2
7 0-0 QN-Q2 14 N-K5 R-B1
Black

EY H®
a 111
1A

Equal chances.

Game of the Month. Dr. Hans Berliner of
Bethesda, Maryland, a computer analyzer, is
the new World Correspondence Chess Cham-
pion. After almost thrce years of combat
against 17 opponents from nine countries, he
emerged the’winner with a score of 13-2 with-
out the loss of a game! Thus he becomes
only the second American to win an Individual
World Championship, the other one being
Father William Lombardy of New York, who
won the 1957 World Junior Championship.

Correspondence chess (moves are exchanged
by regular or Air Mail) has a peculiar fascina-
tion for those who enjoy the slow pace, those
who do not reside in chess centers, those who
try to improve on opening theory, and for
thosc who like to prepare a little something
special for a particular opponent. In the fol-
lowing game the new champion, playing Black,
defeats International Master J. Estrin of the
Soviet Union with a carefully prepared varia-
tion of the Two Knights Defense. Berliner
says it is his 10th move that turns the tablcs
on existing theory. Diagrams on page 107.

1 P-K4 P-K4& 5 PxP P-Na4!
2 N-KkB3 N-QB3 6 B-BI N-Qs5!
3 B-B4 N-B3 7 P-QB3 NxP
4 N-N5? P-Q4 8 N-K4 Q-R5!

(Continued on page 107)
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Tube

A Relatively soon after copper entered general
use, artisans learned to blend tin with it in order
to make bronze. Much harder than copper, this
versatile alloy had such impact that almost
every culture went through a Bronze Age.

Working chiefly with bronze, Roman metal-
lurgists perfected ways to produce hollow cyl-
inders open at both ends. Tuhus was the label
for such a device. A metal war trumpet bore
a closely related name—1tuha.

Modified only a trifle during centurics of use,
the old Latin term was fixed in English as tube.
This name was applied to a great variety of
devices—open at both ends—which served to
convey water, air, and light.

Eventually “hollow cylinders” were fashioned
with both ends closed, but the old label clung
to them. As a result, acorn tubes, picture tubes,
thermionic tubes and others are so widely used
that a host of special accessories have been de-
veloped: tube sockets, tube shields, tube testers,
tube voltmeters, and the like. L

X Ray

A William Conrad Roentgen, a tall and
bearded physicist, was enamored with the idea
of unlocking the secrets of nature. But at the
University of Wurzburg, Germany, he had only
a little equipment for experiments.

Several kinds of glass tubes were available,
though. One of them, the Crookes tube, had
been developed in England by William Crookes.
Using direct current, it was possible to produce
a strange Kind of light by sending a stream of
electricity through the partial vacuum of such
a tube.

Cathode rays (named because they flowed
from the cathode toward the anode) were the
subject of many experiments. Philipp Lenard
discovered that they could be bent by a magnet.

With no practical goal in mind, the Wurzburg
professor set out to experiment with cathode

rays. On Friday afternoon, November 8, 1895,
Roentgen covered a pear-shaped Crookes tube
with black cardboard. He closed the shutters
and turned on the electricity. An instant later
he saw a faint green glow on a bench about a
yard away from his apparatus. It came from a
barium-coated screen that glowed only when
current was flowing.

Since the screen was shielded from the stream
of cathode rays, Roentgen theorized, correctly,
that he had stumbled on a new kind of radiant
energy with high penetrating power. He knew
nothing of its origin or nature. So he turned to
the mathematical symbol for “unknown” and
labelled his discovery the X ray. L]

Copper

A Late in the Stone Age, men roaming about
the Mediterranean basin made a strange discov-
ery. Chunks of hard reddish stuff, found lying
on the ground, could be hammered into any de-
sired shape. Unlike stone, the substance didn’t
chip or fracture. Instead it actually became
harder in the process of being pounded and
shaped.

At least as early as 8000 B.C., the metal—
for that 1s what it was—found a variety of uses.
Hammers, knives, and other utensils were made
of it. Some time after 6000 B.C. there came
another break-through. Perhaps as a result of
a campfire having bcen built on ore-bearing
ground, it was found that the metal could be
melted and cast. From this crude beginning,
metallurgy progressed so rapidly that men soon
abandoned the use of stone as their primary
matcrial for tools.

Vast, casily accessible deposits of the prized
reddish metal were found on the island of Cy-
prus. Its mines were so valuable that the land
was seized first by one great power, then an-
other. Egyptian and Assyrian overlords were
succeeded by Phoenicians and Greceks; finally
the Romans seized the island.

During the long period of Roman dominance,
aes cvprium (“ore of Cyprus”) was vital to the
economic and military life ol the empire.
Shortened to cyprium the name of the metal
was corrupted to cupriom. That name, current
in the third century, is the source of the atomic
symbol, Cu.

Spellings used by Englishmen varied widely;
in 1386 Chaucer referrcd to the red stuft as
Iuppiter! It was later called coper, couper, and
cooper. No written use of the modern form has
been found prior to 1590. But translators of
the King James Version of the Bible (1611)
employed copper in their preface. From that
source, the word spread throughout the world
as the standard label for the metal whose con-
ductivity gave it a stellar role in the rise of the
electronic age. |
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S&W’s SUPERSENSITIVE
DARKROOM METER

You get your money’s worth when you own an S&M
A-3 Supersensitive Darkroom Meter.

Y "

U.S. Camera says,
““The meter is a
marvelously sensitive
and accurate
instrument.”

$44.50 in Kit form*
$49.50 Fully assembled*
*Carrying case included
$4.95 extra Carrying case

This Model A-3 Meter is named the “Dark.
room Meter” because it has been so widely
accepted for reading enlarger easel ex-
posures. It has earned a reputation as a
precision instrument in color studio pho-
tography, copy work, portraiture, and avail-
able light photography. You can use it with
movie cameras and with single lens reflex
cameras, The A-3s are also used for ground
glass exposure readings with microscopes,
telescopes and can even be set up for use
as a densitometer.

An exclusive feature of this-versatile jn-
strument is its standard plug-in probe as-
sembly with three foot flexible cable. This

CL-505L cadmium sulfide photocell—the

4probe utilizes the newest Clairex Corp.

best grade available today —balanced for
color, and the complete range of exposures
from dim available light to full bright sun
fight. Its field of view is 43 degrees. equal
to normal camera lens angles.

The meter is supplied with a 5-inch, easy-
to-read computer with four-range selection
and EV-EVS-LV settings to give F stops
from .7 to 90 and list exposure time from
1/15,000 second to 8 hours.

The 4Vz-inch dial of the meter is self-
illuminated with built-in battery lamps. You
read on 4 sensitivity ranges, therefore the
meter dial and selector switch give you an
equivatent of 18 inches of total dial space
for reading accuracy. The paper speed con-
trol knob is used to set sensitivity.to match
the various grades of printing papers. The
meter sensitivity is sufficient to detect the
light of a match 10 feet away.

This S&M Light Meter is supplied with a

Use the coupon below to order your meter today. Satisfaction guaranteed!

SCIENCE & MECHANICS—KIT DIVISION  £E-968
229 Park Avenue South / New York, N.Y. 10003

Please send the S&M, A-3 Supersensitive Darkroom Meter as I've indicated below. 1
understand that if I am not satisfied, I may return the meter within 10 days for a com-

plete refund.
Add 10'% for Canadian and foreign orders. N.Y.C. residents add 5% for sales tax.

cell.
$44.50—in kit form —  $6.50—Easel Probe
$49.50—fully assembled — $6.50—3-inch Miniature Probe | _\Vether you buy the S&M A3 Meter as an
$ 4.95—Carrying Case — . Enclosed $3.00 deposit, easy-to-assemble kit, or completely factory-
Check or money order enclosed, Ship COD, plus postage & COD assembled, you c.an be sure you have the
i cHanges advantage of owning a rugged and depend-

Name (PLEASE PRINT).

probe holding bracket for darkroom work.
An accessory easel probe %a-inch (see photo)
is recommended for use with high speed en-
larging papers. The standard %s-inch diam-
eter probe can be used to read a Ya-inch
circle on the viewing glass of many SLR's.
To read a smaller target through *he lens of
Exactas, Practicas, etc., order the ¥%-inch
diameter probe which has a 1 wide photo-

able instrument. A complete manual tells
you step-by-step how to assemble the instru-

Address

ment, how to use it for profitable photog-

City. State. Zip.

raphy and how to keep it working right

for years (]
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CB—AMATEUR RADIO—
SHORTWAVE RADIQ

102. No never mind what brand
your CB set is. Seniry has the crystal
you need. Same goes for ham rigs.
Seeing is helieving. so get Sentry's
catalog today. Circle 102.

130. Bone up on the CB with the
latest Sasms books. Titles range from
“ABC’s of CB Radio’’ 1o "99 Ways
to Improve your CB Radio.” So Cir-
cle 130 and get the facts from Sams.

107. Want a deluxe CB base sta-
tion? Then get the specs on Tram’s
all new Titan 1l—it’s the SSB/AM
rig you've been waiting for!

101. If it's a CB product, chances
are Imiernational Crystal has it listed
in their colorful catalog. W hether kit
or wired, accessory or test gear, this
CB-oriented company can be relied
on to fill the bill.

96. Pick up E. F. Johnson's nesw 13-
page booklet “*Can Two-Way Radio
Help Me?". Interesting facts for the
man who works out-of-doors.

%129. Boy, oh boy—if you want to
read about a flock of CB winners, get
your hands on Lafayerte’s new 1968
catalog. Lafayetie has CB scts for all
pocketbooks.

103.  Squires-Sanders would like you
to know about their CB transceivers,
the ““23’er” and the new “"S5S.” Also,
CB accessories that add versatility to
their 5-watters.

46. A long-time builder of ham
equipment, ‘fallicrafters will send you
lots of info on ham, CB and com-
mercial radio equipment.

122, Discover the most inexpensive
CB iobile, Citi-Fone 11 by AMulti-
Elmac Company. Get the facts plus
g(hcr CB product data before you
uy.

116. Pep-up your CB rig's perfor-
munce with Twurner's M<42 mobile
microphone. Get complete spec sheets
and data on other Turner mikes,

48. Hy-Gain's new CB antenna cata-
log is packed full of useful informa-
tion and product data that every
CBer should know. Get a copy.

111.  Get the scoop
Tronics’ Versa-Tenna with instant
magnetic mounting. Antenna models
available for CBers, hams and mobile
units from 27 NHz to 1000 MHz.

45, Hams, CBers, experimenters!
World Radio Labs 1968 catalog is a
bargain hunter's delight. Get your
copy—it's free.

5§0. Get your copy of Awmphenol’s
“User’s Guide to CB Radio”—I18
pages packed with CB know-how and
chit-chat. Also. Amphenol will let
you know what’s new on their prod-
uct line.

on Versa-

% Starred items indicate
n vertisers in this issue. Consult
their ads for additional in-
formation and specifications.

LIBRARY

ad-

115. Get the full story on Polv-
traonics Labaratories’ latest CB entry
Poly-Pup. Full S-watts, great for mo-
bile. base or portable use. Works on
12 VDC or 117 VAC.

100. You can get increased CB range
and clarity using the “~Cobra-23"
transceiver with specch compressor—
receiver sensitivity is excellent. Cata-
log sheet will be mailed by B&K
Division of Dynascan Corporation.

54. A catalog for CBers. hams and
experimenters, with outstanding val-
ues. Terrific buys on Grove Electron-
ics’ antennas, mikes and accessories.

ELECTRONIC PARTS

#135. Get with ICs! RCA's ncw
integrated Circuit Experimenter’s Kit
KD2112 is the first of its kind and
should be a part of your next projcct.

Get all the facts direct from RCA.
Circle 135.
132, Discover 18 new and diflerent

professional-quality amplifiers, tuners,
and preamps complctely assembied
on PC-boards now offered by Amper-
ex. Prices will amaze you!

1. Allied's catalog is so widely
used as a refercnce book, that it's re-
garded as a standard by peopie in the
electronics industry. Don't vou have
the 1968 Allied Radio catalog? The
surprising thing is that it’s {ree!

%2. The new 1968 Edition of Iafay-
erre’s catalog fcatures sections on
stereo hi-h. CB, ham gear, test equip-
ment, cameras, optics, tools and much
more. Get your copy today

8. Get it now! John Meshna, Jr's
new 46-page catalog is jam packed
with surplus buvs—surplus radios.
new parts. computer parts, cic.

23. No electronics bargain hunter
should be caught without the 1968
copy of Radio Shack’s catalog. Some
equipment and kit offers are so low,

they look like misprints. Buying is
believing.
*5. Edmund Scientific's new cata-

log contains over 4000 products that
embrace many interests and fields. It's
a 148-page buyers’ guide for Science
Fair fans.

106. With 70 million TV and 240
million radios somebody somewhere
will need a vacuum tube replacement
at the rate of one a sccond! Get Uni-
versal Tube Co.’s Troubleshooting
Chart and facts on their $1 flat rate
per tube.

*4. Olson’s catalog is a multi-
colored newspaper that's packed with
more bargains than a phone book has
names. Don’t believe us? Get a copy

7. Before you build from scratch
cireck the Fair Radio Sales latest cat-

S

alog for clectronic gear that can be
modified to your needs. Fair way to
save cash.

6. Bargains galore. that’s what’s in
store!  Polp-Paks Co. will send you
their latest eight-page flyer listing the
latest in available merchandise, in-
cluding a giant $1 special sale.

10. Burstein-Applebee oflfers a new
giant catalog containing [00s of big
pages crammed with savings includ-
ing hundreds of bargains on hi-fi kits,
power tools, tubes, and parts.

11. Now available from EDI
(Electronic Distributors. Inc.): a cata-
log containing hundreds of electronic
items. ED/ will be happy to place you
on their mailing list.

120. Tab's new electronics parts cat-
alog is now ofl the press and you're
welcome to have a copy. Some of
Tab’s bargains and odd-ball items are
unbelievable offers.

117. Harried by the high cost of
parts for projecis? Examine Bigelow’s
13th Anniversary catalog pached with
“Lucky 13" specials.

ELECTRONIC PRODUCTS

%42. Here's colorful 108-page cat-
alog containing a wide assortment of
electronic kits. You'll find somethin
for any interest. any budget. An
Heath Co. will happily send you a
copy.

44, Kit Builder? Like wired prod-
ucts? EICO’s 1968 catalog takes care
of both bhreeds of buyers. 32 pages
full of hi-fi. test, CB, ham, SWL, au-
tomotive and hobby kits and prod-
ucts—do you have a copy?

128, 1If you can hammer a nail
and miss your thumb, you can as-
semble a Schober organ. To prove the
point, Schober will send you their
catalog and a 7-in. disc recording.

126. Delta Products new capacitive
discharge ignition system in kit form
will pep up your car. Decsigned to
cut gas costs and reduce point and
plug wear. Get Delta’s details in full-
color literature.

66. Try instant lettering to mark
control panels and component parts.
Darak’s booklets and sample show
this easy dry transfer method.

109. Seco offers a line of special-
ized and standard test equipment
that’s 1deal for the home experimentet
and pro. Get specs and prices today.

TOOLS

%78. Nced an extra hand? Xcelite’s
Seizers clamp tightiy, hold wires for
soldering. act as hcat sinks, retrieve
small parts from hard 1o reach places.
Get Xcelite Bulletin N564 for details.

ELEMENTARY ELECTRONICS
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118, Secure coax cables, speaker
wires, phone wires, etc., with Arrow
staple gun tackers. 3 models for wires
and cables from 3/16” to %" dia
Get fact-full Arrow literature.

SCHOOLS AND EDUCATIONAL

%74. Get two free books—“How to
Get a Commercjal FCC License” and
“How to Succced in Electronics”—
from Cleveland Institute of Electron-
ics. Begin your future today!

%136, “Power Enginecring,” a new
32-page, illustrated brochure by ICS
(International Correspondence
Schools) describes seven ICS Power
Enginecring courses that may open
a ncw carecr for you. Get a copy
today!

114. Prepare for tomorrow by
studying at home with Technical
Training International. Get the facts
today on how you can step up in
your present job.

%137. For success in communica-
tions, broadcasting and electronics get
your First Class FCC license and
Grantham School of Electronics will
show you how. Interesting booklets
are yours for the asking.

138. For a complete rundown on
curriculum, lesson outlines, and full

139. Alitec Lansing covers both ends
of the audio market—microphones
and loudspeaker systems. Alrec sup-
plies the facts—you do the asking.
Circle 139 now!

19. Empire’s new 16-page, full-color
catalog features speaker systems in
odd shapes for beautiful room decor.
Also, rediscover Empire’s quality
turntable line and cartridges.

124. Now, Sonotone offers you
young ideas in microphone use in
their new catalog. Mikes for talk ses-
sions, swinging combos, home record-
ing, PA systems and many more uses.

26. Always a leader, H. H. Scort
introduces a new concept in stereo
console catalogs. The information-
packed 1968 Stereo Guide and catalog
are required reading for audio fans.

85. Write the specs for an ideal
preamp and amp, and you’ve spelled
out Dynaco's stereo 120 amp and
PAS-3X preamp. So why not get all
the facts from Dynaco!

119. Kenwood puts it right on the
line. The all-new Kenwood stereo-FM
receivers are described in a colorful
16-page booklet complete with easy-
to-read-and-compare spec data. Get
your copy today!

131. Let Elpa send you “The Rec-
ord Omibook.” It’s a great buy and

31. Al the facts about Concord
Electronics Corp. tape recorders are
yours for the asking in a free book-
let. Portable, battery operated to four-
track, fully transistorized stereos cov-
er every recording necd.

32, “Everybody's Tape Recording
Handbook™ is the title of a booklet
that Sarkes-Tarzian will send you.
It’s 24-pages jam-packed with info for
the home recording enthusiast. In
cludes a valuable table of recording
times for various tapes.

34. “All the Best from Sony” is an
8-page booklet describing Sony-Super-
scope products—tape recorders, mi-
crophones, tape and accessories. Get
a copy before you buy!

35. If vou are a scrious tape audio-
phile, you will be interested in the
all new Viking/Telex line of quality
tape recorders.

H1-FI ACCESSORIES

112, Telex would like you to know
about their improved Serenata Head-
set—and their entire line of quality
stereo headsets.

104. You can't hear FM stereo un-
less your FM antenna can pull ‘em in.

details from a leading electronic Elpa wants you to have it free. Your |ca'n more and discover what's avail-
school, ask for this brochure from the records will thank you when the mail- able from Finco' 5. @pages “Third Di-
Indiana Home Study Institute. man delivers it. mensional Sound

105. Get the low-down on the latest 17. Mikes, speakers, amps, re-

in educational electronic kits from Ceivers—you name it, Electro-Voice

Trans-Tek. Build light dimmers, makes it and makes it good. Get the TELEVISION

amplifiers, metronomes, and many Straight poop from E-V today. 3

more. Trans-Tek helps you 1o lcarn 27. 12 pages of Sherwood receivers, %70. Need a new TV set? Then is-
while building. tuners, amplifiers, speaker systems. semble a Hf&allyz TV kit. Heath hells
*3 - . P . and cabinctry make up a colorful all sizes. B’Vl\: and color, portable
£, Getan the facts on Proseesive: SO0 0 DAY shodiiviee, g el Why Rt buid e nex
20 radios and electronic circuits; 99. Get the inside info on why )

parts, tools and instructions come Telex/Acoustech’s solid-state ampli- 127. National Schols will help you

with course.

HI-FI/AUDIO

fiers are the rage of the experts. Col-
orful brochurc answers all your ques-
tions.

TAPE RECORDERS AND TAPE

learn all about color TV as you
assemble their 25-in. color TV Kit.
Just one of National's many exciting
and rewarding courses.

134. Discover PlayTape-—America’s 91. Interesting, helpful brochures
newest tape cartridge and tape play- 123. Yours for the asking—Elpa's describing the TV antenna discovery
ers. Units priced at under $17 with new “The Tape Recording Omni- of the decade—the log periodic an-
cartridges at 45-disc prices. PlayTape book.” 16 jam-packed pages on facts tenna for VHF and UHF-TV, and

has one of America’s largest record-
ing libraries.

and tips you should know about be-
fore you buy a tape recorder,

FM-stereo. Get it from JFD Elec-
tronics Corporation.

§ ELEMENTARY ELECTRONICS . 1
1 Dept. 968 I:I Indicate total number of booklets requested
229 Park Avenue South I
! New York, N.Y. 10003 1 2 3 4 5 6 7 8 10 11 j
I Please arrange to have the lit- 17 19 23 26 27 31 32 34 35 42 1
§ erature whose numbers | have
] circled sent to me as soon as 44 45 46 48 50 54 66 70 74 78 :
" possii)le. I am esrz_)cclofsin%l%c fé)cl; 85 96 97 99 100 101 102 103 104 105 -
1 to 10 items; or to
1 items to cover handling. No 106 107 109 111 112 114 115 116 117 118 i
j stamps, please. 119 120 122 123 124 126 127 128 129 130 ]
1 11-20 items 131 132 134 135 136 137 138 139 i
I 1.10items T |
1 i NAME__ ]
1 |
1 ADDRESS ]
1 |
| CIiTY ]
1 |
1 maximum number of items == 20 STATE ZIP |
l-----------------------------------L‘
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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends YO i

learn the WHY of Electronics, Communica-
tions, TV-Radio the NRI pioneering ‘‘3-Dimensional’” way. NRI training is the result of more than
half a century of simplifying, organizing, dramatizing subject matter, and providing
personal services unique for a home study school. You get the kind of technical
training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NRI—The 53 Year Leader in Electronics Training

APPROVED UNDER
NEw GI B"-I- If you served

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

26 ELEMENTARY ELECTRONICS
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Earn $5 or more an hour
spare or full time in

TV-RADIO
SERVICING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainment equipment like portable
radics, tape recorders, hi-fi sets,
phoriographs and auto radios. TV-
Radio servicing is one of your best
routes to spare-time earnings, a
good paying job or abusiness of your
own. NRI not only trains you quickly
and expertly, but also shows you
how to get started in Servicing soon
after you enroll, earning as you
learn. NRI trains you in today's
methods of installing and repairing
all Electronic equipment for the
home—including booming Color TV.
You even build, experiment with and
keep to enjoy your own solid-state
radio and your choice of black-and-
white or Color TV receiver. Like
thousands of others, you can be
earning $5 or more an hour extrain
spare time starting soon.

There's money and
success awaiting you in

BROADCASTING -
COMMUNICATIONS

The experience you gain from in-
tensely practical NRI training in
Complete Communications equals
as much as two years of training on
the job. With NRI, you can train fora
choice of careers ranging from mo-
bile, marine and aviation radio to
TV broadcasting and space commu-
nications. You learn how to install,
maintain and operate today's re-
markable transmitting and receiving
equipment by actually doing it. You
build and experiment with test equip-
ment, like a VTVM you keep. You
build and operate amplifier circuits,
transmission line and antenna sys-
tems, even build and use a phone-cw
transmitter suitable fortransmission
on the 80:meter amateur band.
Whichever of five NRI Communica-
tions courses you choose, you pre-
pare for your FCC License exams,
and you must pass your FCC exams
or NRI refunds your tuition in full.

Move ahead in America’s
fast growing industry as

ELECTRONICS
TEGHNICIAN

Electronicstoucheseveryone'slives.
This vast field of opportunity is open
to you with NRI training. Industrial/
Military Electronics training—like all
NRI courses—prepares you quickly,
thoroughly the practical "hands on”’
way. You build with, and fearn to un-
derstand the functions of, today's
miracle solid-state components like
printed circuits, diodes and transis.
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data processing, ultrasonics,
telemetry. Whatever your interest in
Electronics, NRItraining can fillyour
needs. Prove to yourself what nearly
a million NRt students could tell you
...thatyou getmore for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NRI Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI —c.i, st

explore, discover. Everything you see here is included in one NRI course—including Color TV. Other
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit,

dollar for dollar—you get more
for your money from NRI.

SEPTEMBER-OCTOBER, 1968

TOTALLY

ENGINEERED
FOR TRAINING
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By Jack Schmidt

“0h, Harry; there’s a man here
about your low-ohmic ground.”

“0h, David . . . even | thought you
were drilling a well all this time!”
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"4 felt his car come in. We have about _

¢ sprasr

an hour bhefore we get grounded.’ J
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Bettman Archive Photo

By Jorma Hyypia

In 1968, Californians will suffer a severe
natural earthquake. And residents of Colorado
can expect to be jolted by a damaging man-made
earthquake any day now.

Grim predictions, you say? True. Yet they
are based on sound seismic observations, ob-
servations which have convinced leading seis-
mologists that strong earthquakes are likely
to occur in these areas this year. But that's
as far as prophesy can go. Reason: there's no
way to foretell exactly when precautionary
actions should be taken to protect life and
property. For seismic prediction at present is
hardly more accurate than forecasting the
weather by sticking a wet finger into the
wind.

Still, there is now hope that seismologists
in time will devise a monitoring system--
some sort of electronic earth stethoscope--

SEPTEMBER-UCTOBER, 1968
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capable of predicting imminent earth con-
vulsions. Elaborate carthquake research
programs are being established in the U.S.
and Japan. The answers won’t come over-
night, but at least some significant research
directed at earthquake prediction is now
underway.

A few ycars ago, U.S. seismologists man-
aged to convince the federal government that
science now has the instrumentation avail-
able to tackle the carthquake problem cf-
fectively. The plea for government financial
support could hardly have come at a morc
opportune time. Fresh in everyone’s mem-
ory was thc catastrophic Alaska earthquake
of March 1964 that took 110 lives and
caused property damage amounting to hun-
dreds of millions of dollars. It was obvious
that even an hour’s warning would have been
enough to save most of the lives lost.

In 1967, the National Center for Earth-
quake Rescarch was sct up at Mcnlo Park,
California. One of NCER’s first discoveries
was that earth movements averaging one-half
inch per year are now taking place in the
San Andreas Lake arca south of San Fran-
cisco. A Menlo Park gcophysicist has been
quoted as saying that the San Andreas fault
zone is being ‘“very sharply” loaded with
stress and that the situation “is getting pretty
critical.” This view agrces with an earlier
prediction, made by a University of Michi-
gan professor, that the strain on the San
Andreas fault at the present time is prob-
ably greater than it was just prior to the 1906

earthquake that devastated much of San
Francisco.

Man-made Quakes. It may seem un-
believable that man’s puny works can alter
the massive subterranean crustal pressure
balances enough to cause earthquakes. Yet

this can—and does—happen.
Frequent minor earthquakes were re-
corded when water accumulated in Lake

Mcad after completion of Hoover Dam.
More recently, a quake of 7.5 magnitude on
the Richter scale occurred as water was
impounded by a new dam at Koyna, India.

Perhaps the most bizarre man-made earth-
quake is in the making right now at Den-
ver, Colorado. In 1962 the U.S. Army be-
gan dumping 160 million gallons of waste
water into a two-mile deep well that had
been drilled for waste disposal purposes at
the Rocky Mountain Arsenal near Denver.
The objective was to dispose of dangerous
chemical research waste products in a safe
manner. But the elimination of one kind
of hazard served only to create a new peril
—the threat of earthquakes in an arca where
they seldom occur naturally.

During the past six years hundreds of
tremors have been recorded in the Denver
area; scveral quakes have already been
strong enough to cause some property dam-
age. Now the frequencies and intensities of
the tremors arc changing in such way that
scientific authorities are forced to the re-
luctant conclusion that bigger quakes are
very likely to occur—quite probably this
year. And no onc knows for certain what,
if anything, should be done about the situ-
ation. Removal of the waste water from the
well might reduce the tikelihood of a major

32

Streets split open, buildings topple, and fires rage
when earthquakes strike. Photos above and on
p. 31 show San Francisco during 1906 holocaust.

Because San Francisco lies in @ major earthquake
belt, 1906 could repeat itself at any time. Above,
1957 fissure on coast road just south of the city.
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INDIAN OUEAN

Quakes occur primarily in earth’s orogenic (mountain-building) regions (shaded areas), which also

ATLANTIC
DCEAN

PACTFIC OCEAN

happen to contain bulk of world's active volcanoes. Note that quake belt skirts entire Pacific Ocean,

earthquake. Too, it might actually trigger
the event.

Mild Or Mammoth? There is no way
to predict how violent the Colorado and
California earthquakes will be when they
come. But if the seismologists are correct
in their assessment that underground strains
in California are now greater than prior to
the 1906 quake, the implication is that an-
ather quake of equal intensity is possible—
though not necessarily inevitable. It all de-
pends on how the built-up strains are even-
tually released by subterranean adjustments.

The 1906 California earthquake had a
magnitude of 8.3 on the Richter scale. The

Further north, but still in same quake belt, cars lay
Z0 ft below surface of Anchorage's main thorough-
fare following 1964 quake that left state in ruins.

SEPTEMBER-OCTOBER, 1968

magnitude of the 1964 Alaska quake was
somewhere between 8.3 and 8.75. Thus,
both earthquakes can be rated as Great
carthquakes since their magnitudes were
grcater than 8; Major earthquakes have
magnitudes between 7 and 8.

Earthquake classifications are often mis-
understood, since the terms magnitude and
intensity are not synonymous. Any one
carthquake has but one magnitude, but it
may have several different intensitics.

Earthquake magnitudes, as numerical
values on the Richter scale, are simply
indexes to the potential energies of the dis-
turbances at their sources. The Richter value

Falling on same quake belt as San Francisco,
Huacho, Peru saw its houses crumble, its residents
panic when severe quake rocked area in 1966.
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cannot be used to express carthquake dam-
age; it is a logarithmic expression of the
maximum amplitude detected with instru-
ments. Thus, a difference of onc unit on the
scale represents a ten-fold difference of mag-
nitude. For example, an earthquake having
a magnitude of 8§ is 10,000 times stronger,
in terms of instrument response, than one
having a magnitude of 4 (not merely twice
as strong, as laymen often assumc).

The actual energies releascd at the sources
of earthquakes vary even more from onc
Richter number to the next than do the in-
strumental responscs. An increase of onc
unit in the Richter scale represents, approxi-
mately, a 60-times increase in energy. Thus,
an earthquake of magnitude 8 releases 10
million times as much ecnergy as does a
quake of magnitude 4. The following table
may make these relationships clearer:

Relative sizes Relative energy
Richter of measured released at the
No. amplitudes source (factors
(factors of 10) of ahout 60)
1 1 1
2 10 60
3 100 3,600
4 1,000 216,000
5 10,000 12,960,000
6 100,000 777,600,000
7 1,000,000 46,656,000,000
8 10,000,000 2,799,360,000,000

Earthquake intensitics are established, not
by instrumental measurements, but by as-
scssing the physical damage wrought and
by determining how the quake affects people
in the arca. The intensity of an earthquake
is greatest at the epicenter, and falls off grad-
ually with increasing distance from the
center.

A twelve-step Modified Mercalli scale is
used to rate earthquake intensitics. For cx-
ample, an MM intensity of I represents a
quake so weak that it is detected only by in-
struments, not by human beings; intensity
VI is strong ecnough to be felt by everyone,
whether indoors or out; intensity XII is so
strong that it creates general panic and total
physical damage.

Magnetic Monitoring. Mugnetic disturb-
ances that began about onc hour before the
Alaska earthquake momentarily increased
the magnetic field at Kodiak by as much

e~ sz o e

{ Bisck Mountaim I

Rumble seat of California is San Andreas fault,
a cleavage created by 1206 quake. Current rumblings
in area sugge:t another major quake is imminent.

as 100 gamimas. Some scientists have in-
ferred a possible causal relationship between
these magnetic disturbances and the earth-
quake. For this reason, they feel encour-
aged to spcculate that magnetic monitoring
may someday be used to predict carthquakes.
Similar magnelic disturbances associated
with seismic events have been observed in
other places—notably in Japan und in the
(Continued on page 108)

Pair of threeccomponent photographic recarding
units chart short- and lorg-period seismic data
at au Ogdensburg, N.Y. geological observatory.
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Computer
goes to
0

e-‘ with ordinary .

radio parts and then you will discover the ':
| vast, interesting world of analog computers

ccording to at lcast one humorous dic-
tionary, an engineer “is a man who mul-
tiplies two by two and says that the answer
is approxiinately four.” The reason for the
word “approximately” is that our engincer
probably used a slide rule—a popular me-
chanical analog computer—when he made
his calculation. And the very nature of all
analog computers is that all of the answers
they produce are approximate—some more
than others.

You can make your own electronic analog
computer—our Electronic Slide Rule—that'll
knock out simple multiplication and division
problems accurate to = 3 digits out of every
100. No, it will not replace your slide rule,
but it’s great for simple rapid estimations and
checking. Before we show you how to build
our Electronic Slide Rule, let’s peek into the
electronics of the gadget.

Voltage Analog. An ordinary poten-
tiometer will help us see how a number can
be converted into a voltage analog. Fig. |
shows a simple circuit of a potentiometer,
R1, connected in series with a battery, Bl.
Rotating the diul on the shaft of RI[ causes
the pot wiper to “pick off”” a voltage propor-
tional to the dial setting.

In Fig. 1 the dial is calibrated from zero
to one, and the voltage supplied by the bat-
tery is 1.0 volt. Thus, in this particular in-
stance, the dial setting indicates the voltage

SEPTEMBER-OCTOBER, 1968

at the wiper of the pot. A voltmeter connect-
ed at the output terminals of this circuit will
indicate the setting of the dial—0.5 V would
mean that the dial is set at 0.5. The voltage is
an analog voltage, since it may represent a
dial quantity of 0.5 acre, quart, or even light
year.

Multiplying. In Fig. 1, a voltage analog
for the number 0.5 was developed at the
wiper of R1. It can also be said that the
supply voltage across R1 was multiplied by

ANALOG
VOLTAGE .5V

VOLTMETER
0-1v

Fig. 1. Hypothetical circuit showing how poten-
tiometer can convert number info voltage analog.
Dial calibrations represent any desired quantity.

0.5. Thus, 1 V times 0.5 will be 0.5 V. If
a voltage other than 1 V were supplied by B1
in Fig. 1, we would be multiplying the supply
voltage by the dial setting.

This apparent ability of potentiometers to
multiply can best be seen in Fig. 2. Battery
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@ @ ELECTRONIC SLIDE RULE

B1 supplies 1 volt across pot R1. Dial A is
set at 0.5 so that analog voltage A developed
at the wiper of RI (0.5 volt) is applied
across pot R2. Dial B is set at 0.8 so that
the voltage at the wiper of R2 will be only
0.8 times the voltage across R2, or simply
0.5 x 0.8. The voltage developed at the wiper
of R2 is appropriately called analog voltage
A * B, and voltmeter M1 will indicate this
voltage to be 0.4—the product of 0.5 and 0.8.

Null Readout. In Fig. 2 the voltmeter
presents a load across the resistive network
—this introduces errors. One way to elimi-
nate this loading effect is to replace the volt-
meter with a null indicator. It’s nothing more
than inexpensive center-reading ammeter
hooked up as shown in Fig. 3 (more properly
called a galvanometer). When the voltage on
the wiper of R3 is equal to the voltage on
wiper R2, no current will flow through the
galvanometer. So, a calibrated dial is added
to the shaft of R3 which is read when the gal-
vanomeler is zeroed. Now all it takes to get
an answer for any multiplication problem is
to rotate the dial on R3 until the galvanom-
eter is zero and the dial is read.

Another way to reduce loading error is
to isolate the pots from each other by the
use of isolation amplifiers. This is important
because the pots are interconnected and one
will load one another. Sounds like a big task
but it’s quite simple. Fig. 4 shows you how.

Transistor QI draws only a few micro-
amperes from the wiper of R1, which is used
to supply an identical voltage from the wiper

DIAL A DIAL B

{1+

]

N1

ANALOG
VOLTAGE A-B

VOLTHETER
- - - 01y
ANALOG VOLTAGE A = .5VOLT
ANALOG VOLTAGE A-B = .4VOLT

Fig. 2. Addition of second potentiometer to
hookup in Fig. 1 results in circuit which can
multiply. Voltmeter M1 now indicates analog
voltage A X B rather than analog voltage A only.

DIAL B DIAL C

M1
GALVANCHETER

1
'
1
[
'

ANALOG U 1K t.:
YOLTAGE A B1
ANALOG W

VDLT‘AGE A-B

Fig. 3. Adding pot R3 and moving battery B1 reduce
loading error inherent in circuit of Fig. 2.

of R1 to the top of R2. This could have been
done with a wire, but the isolation effect of
QI removes any loading effect R2 could
have on RI. The story is the same for Q2.
The nulling circuit is connected across emit-
ter resistors R2 and R6. The galvanometer
functions as previously explained. However,
a series damping resistor, R7, is added to
prevent slamming the needle at its extremes
when the voltage drops across R2 and R6
are significantly ditferent. The original unit
used a 10K resistor, but it was later changed
to 2200 ohms for snappier indications.

Building It. The Electronic Shlide Rule is
housed in a sloping aluminum box. A piece
of perforated phenolic chassis board is used
as the sub-chassis with push-in terminals
used as wiring points. The circuit is very
simple (see Fig. 4), and parts positioning is
absolutely non-critical.

The sub-chassis is supported in place by
an angle bracket at its bottom, and by the
three vernier drive mechanisms that hold the
potentiometer shatts at the top. Mount the
6-volt battery inside the rear panel of the
case in a battery holder.

You may want to replace the on-off toggle
switch (S1) with a pushbutton type. If so,
mount the pushbutton on the top of the unit
so the case will not move when the button is
pressed.

Calibration. Turn all three vernier dials
to zero (their set screws are still loose, so the
pot shafts can turn freely). Then, turn the
pot shafts of R1, R2, and R3 fully counter-
clockwise. Tighten the set screws.

Now, turn switch S! on and observe
M 1’s pointer. It will move cver so slightly.
Possibly, you may be able to eliminate the
pointer’s movement by resctting R2’s shaft
position a smidgeon. Maybe not! Now, ad-
just all dials to read 1.0 (that’s the top of
the dial). With the unit on, adjust R5 until
the galvanometer is zeroed. If the galvanom-

ELEMENTARY ELECTRONICS
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01 Q2
HEP254

GALVANOMETER

©)

Fig. 4. Complete circuit of

the Electronic Slide Rule.

Since Q1 and Q2 are both emitter
followers, their primary purpose

is isolation, not amplification.
Potentiometer RS serves as zero-
adjust control—see text for details
on calibration procedure.

T RO

batteries may be used)

M1—= 100 vA balance DC ammeter, pointer
centered on scale (Lafayette 99H5034 or
equiv.)

Q1, Q2—HEP254 transistor (Motorola)

R1, R2, R3—1000-ohm, linear-taper
tiometer

R4, R6—1000-chm, V;-watt resistor

R5—5000-chm potentiometer {any taper}

R7—2200-0hm, V,-watt resistor (see text)

poten-

DIAL B R6
n(%
PARTS LIST FOR ELECTRONIC SLIDE RULE
B1—6-volt battery, size not critical (9-volt

S1—Spst toggle switch or pushbutton switch,
normally open {see text)

3—Vernier dial, 14-in. dia.
99H6031 or equiv.)

1—Sloping panel utility box, 4,
7-3/16-in. (Premier ASPC-1203,
12H8072 or equiv.)

(Lafayette

x 42 x
Lafayette

Misc.—6 x 615,-in. perf-board (size approx.},
metal bracket, battery holder, several flea
clips, hardware, solder, wire, etc.

T S

eter zeroed when the dials were set at zero,
the calibration procedure is now complete.
However, if the dials were set at zero
and the meter read 2 division to the left,
set the dials to 1.0 and adjust RS till the
meter deflects V2 division to the right. This
is a simple averaging technique that will
make the dials’ mid-range readings fairly
accurate,

Using tt. Well, by now you should know
how to multiply on the Electronic Slide Rule.
Set dial A (Multiplicand) to any number,
dial B (Multiplier) to any number, and

R1
R5 - ’ _.-" y { e ()2

LK

7
BATTERY et 01

[f
CABLE - s
L Cma
e
Rear view of Elecironic Slide Rule. Angle brackef
holds sub-chassis in place; pot RS is af upper left.

SEPTEMBER-OCTOBER, 1968

e ot i

dial C (Product) will read the correct prod-
uct of these two numbers when the meter is
nulled. 1t’s that simple. Next—here’s how
you divide. The number you wish to divide is
cranked onto dial C. The number which will
do the dividing is cranked onto dial B. Then
adjust dial A until the meter nulls and the
answer is taken from dial A, Notice that the
sequence for dividing is in reverse dial set-
ting, as was multiplication.

Have fun with the Electronic Slide Rule,
but remember that your wood or metal slide
rule is still quicker and more accurate. ]

T T

Front view of Slide Rule in its finished form. Unit
can multiply or divide without circuit changes.

www americanradiohistorv com

37


www.americanradiohistory.com

38

When
there are

gray
skies...

... the pollution detective
identifies and measures
the gaseous morass
we breathe
into our lungs!

trange as it sounds, the soot
and dust that collect on the

window sills of America’s
cities has little to do with the
air crisis now facing one of his-
tory’s most affluent societies.
To be sure, airborne dirt is a
nuisance. But it’s not nearly as
deadly as are some of the less
visible air pollutants,

Sulfur dioxide, released in
abundance from every factory
or home that burns fuel oil, is
one of the major offenders,
eating into building stone and
metal. And when this com-
pound combines with some
forms of ash and soot, the re-
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Visible smoke, like thot from apariment
house incinerator (feft), is major

offender to clean air. Other, more damaging
pollutants, are not discernible by

human senses and must be defected by
instruments, such as those contained in U.S.
Public Health Service mobile unit (above).

Sophisticated equipment within Health Service truck includes units for measuring and recording
air's content of sulfur dioxide (left) and equally toxic carbon monoxide (right),
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POLLUTION DETECTIVE

sult is sulfur trioxide, which, when exposed
to moisture normally present in the air, re-
sults in sulfuric acid (need we say more?).
Carbon monoxide released from automobile,
bus, and truck exhausts, is yet another toxic
gas in the air. And there are many, many
others.

Chemical content of the filthy air we
breathe is readily measurable with devices
contained in the U.S. Public Health Service’s
air-pollution mobile units. Much condemn-
ing evidence indicates that many deaths
routinely attributed to asthma and chronic
bronchitis are actually the result of air pol-
lution. Legislators, however, seemingly find
their hands tied when it comes to cleaning
up the air. Meanwhile, some cynics offer one
answer to the solution problem: “Stop
breathing!” —C. Hansen

-y e

Two other measuring insfruments used by
Public Health Service cleaner-air team are
units for measuring amount of nitrogen dioxide
(above) and smoke (below) in air.
Strip-chart recorder adjacent to NO,

analyzer provides minute-by-minute,
hour-by-hour summation of unit's findings.

Even test tubes get iato the how-bad-is-our-air act during
Public Health Service studies. Researcher places air
sample and reagenf in fest fube, then relies on resultant
color of tube's contents to determine what foreign gases
are present. Below, phote shows part of instrumentation
used fo measure lavel of sulfur dioxide in atmosphere.
Gas is especially dangerous because of its proclivity to
reform info sulfur trioxide and, ultimately, sulfuric acid.

]

-

.
i
-
»
.
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Put the bite on weak

signals by building

this devil device
that'll turn you on
with real DX sound

SEPTEMBER-OCTOBER, 1968

COVER STORY

DEVIL

By Hartland B. Smith, W8VVD

ls your shortwave set plagued with
puny signals, excessive fading,

or CW birdies that chirp across your
favorite stations? Do you find that
signals repeat themselves about 900
kHz away from where they’re supposed
to be on the dial?

If you must reluctantly answer yes
to any of these questions, then the
sooner you build our DX Devil the
sooner you can enjoy improved
reception from 4 to 30 MHz. This
remarkably simple gadget easily
boosts nebulous DX transmissions
about 40 dB (that’s X 10,000)! Itll
make a lazy S-meter climb as much
as 6 or 7 S-units. Further, it'll force
the receiver’s AVC (automatic volume
control) to work much better, thereby
minimizing very deep, quick fades
that often cause annoying
momentary dropouts.

No Secret. The DX Devil is an old-
fashioned idea dressed in brand new
clothes. It's a battery-powered
regenerative preselector built around
a high-gain field-effect transistor (FET).

The device acts as a single stage
of tuned radio-frequency amplification
which may be connected between the
antenna feed and the input terminals
of your receiver. It not only boosts
weak signals before they reach the
first stage in the receiver, but it also
adds selectivity (Continued overleaf)
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DX DEVIL

to reject unwanted signals that might other-
wise interfere with a desired transmission.

Many shortwave sets, especially those sell-
ing for less than $75, contain no tuned RF
stage aheud of the mixer or first detector.
Consequently, these receivers often lack both
sensitivity and front-end selectivity.

These deficiencies show themselves in two
very obvious ways. First, only the more
powerful nearby stations come through with
really adequate strength. Peanut whistles
and DX from the other side of the globe
can usually be heard, if at all, only very
weakly. Second, the dearth of selectivity
ahead of the mixer is evidenced by numerous
unwanted birdies, or images.

More Rejects. On the higher frequen-
cies, above 10 MHz, inexpensive superhet
receivers often have a habit of picking up
the same signal at two points on the dial.
This can be a real problem when a 14-MHz
ham rides in on top of a 15-MHz shortwave
broadcaster, or a fellow on the low end of
28 MHz clobbers another fellow ncar the
high end.

With some sets the situation is reversed.
That is, a 15-MHz signal will stomp all over
the 14-MHz ham, and the fellow at the top
end of 28 MHz will also come in at the low
end of the band. In either case, the unwanted

L1
(1 OF 3 PLUG IN
UNITS)

C1 WITH
VERNIER DIAL

§1 =~

R2 ~-

signals you hear in the wrong places are
images created by the heterodyning process.
A preselector ahead of the receiver will pro-
vide udditional selectivity that will either re-
duce or completely eliminate these images.

Becuuse it is regenerative, the DX Devil
boasts almost as much gain and selectivity
as you would normally expect to obtain from
a complicated two-stage preselector without
regeneration. Coil L1 includes a feedback
winding between pins 3 and 4 which causes
the circuit to oscillate when a full 9 volts
is applied between the source and drain elec-
trodes of transistor Q1.

Regeneration control R2 makes it possible
to reduce the drain voltage until the unit
opcrates just below the point of oscillation.
This is the region of maximum amplification
and selectivity,

The cost and complexity of band switch-
ing are eliminated in the DX Devil through

S0 0 OOt

PARTS LIST FOR DX DEVIL

B1—9-volt transistor battery (206, 216 or
equiv.)

C1—15-409-pF variable capacitor (Allied
43B3524—sece text)

C2, C4—.05-uF, 10-V disc ceramic capacitor

C3—.001-uF, 500-V disc ceramic capacitor

B D283 -B4=—Silicon or germanium diodes
(see text) NC T eounym Fer

L1—Series of three coils: (1) 14-30 MHz: Pri. 3
turns, closewound, Sec. 4, turns, Sg-in.
long, tapped V; turn from ground end; (2)
7-14 MHz: Pri. 3 turns, closewound, Sec. 11

[ turns, 1-in. long, tapped V; turn from ground
end; (3) 4-7 MHz: Pri. 3 turns, closewound,
Sec. 22 turns, 115-in, long, tapped V4 turn
from ground end. All coils wound with #28
Formvar insulated wire on 2V x YVi-in.
polystyrene plug forms (Allied 4786696 or
equiv.)

Q1—Motorola MPF-107 field-effect transistor
lavailable from Newark Electronics, 500 N.
Pulaski Rd., Chicago, Ill. 60624)

R1—1000-0hm, V;-watt resistor

R2—5000-0hm, linear potentiometer

RFC1—2.5-uH RF choke

S1—3PDT slide switch

T81—4-screw terminal strip

1—4-lug terminal strip with grounded lug

1—5 x 4 x 3-in. aluminum Minibox

1—S5-prong tube socket [Amphenol 7855 or
equiv.)

Misc.—Knob, vernier dial, screws, nuts, spacers,
battery plug, wire, solder lugs, solder, etc.

s LRI i

s

DX Devil preselector boosts signal Jevels as

much as 40 dB at frequencies from 4 fo 30 MHz.
Three plug-in coils which cover frequency range
mount in 5-prong socket af top of unit. When
regeneration control (R2) is set just below point

of ascillation, tuning of C1 is very sharp.

Vernier dial permits careful adjustment by

operator so that desired station can be received

at maximum strength. Improved performance will be
especially noticeable at higher frequencies.

ELEMENTARY ELEcTRONICS
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use of plug-in coils. Wiring the preselector
is relatively casy because there arce so few
components inside the uncluttered chassis.
All in all, the device is a fine project for the
fellow who's looking for an incxpensive,
easily built gadget that will markedly im-
prove the performance of his recciver.

Construction. The first order of business
is to modify C1. Cut 38 in. off the shaft
and remove 11 of the rotor (movable) plates.
Start at the rear of the capacitor und slowly
bend backward one plate at a time, then
carefully pull it out of the brass shaft. When
you are finished, there should be six rotor
plates remaining in the capacitor.

When operating at maximum gain, the
unit tunes very sharply, and you must em-
ploy a vernier dial. The actual method of
mounting C1 will depend on the type of dial
you buy. In the prototype, Cl was sup-
ported on two l-in. spacers through which

01
MPF-107

MPF-107

4-LUG TERMINAL STRIP

SOCKET
FOR Q1

REC! E :
0 iy
(m)m -
(4] 3

A -
R2

SNAP-C!4 CONNECTOR

SepTEMBER-OCTOBER, 1968

were passed two 6-32 screws. Self-tapping
screws can be employed if you have no way
of threading the holes which arc factory
drilled in the capacitor tframe.

Mount the coil socket after you have in-
stalled C1 and the dial. Then drill holes for
R2, SI, and the three-terminal mounting
strip. . Carefully file the slot for SI so that
the knob slides back and forth without bind-
ing. Mount TSI on the rear cover of the
Minibox.

Plastic-coated, solid #20 hookup wire is
recommended for all leads except those run-
ning to TSI and the battery conncctor. In
these cases, insulated stranded wire is prefer-
able. Solder the gate terminal of Q1’s socket
directly to pin 2 of Li's socket and cut the
leads of the disc capacitors and R1 as short
as possible. Wire R2 us shown, so that it is
at minimum resistance when the regenera-
tion control knob is turned fully clockwise.

Three Coils. Wind the
coils on 2% x lV4-in. poly-
styrenc forms. While it is
true that large-diameter wire

= makes the most efficient coils,

04

#28 Formvar insulated wire
75 is much easier to work with,
JRecElver and you’ll find it provides re-
“—»  sults that are entirely satis-
Ay factory. . . .
AN%gNNA Closewind the primaries,
—— and space the secondaries so
that the winding lengths are

approximately as specified in
the Parts List. When solder-
ing the coil prongs, don’t let
them get too hot. Otherwise,
the form will melt and the
prongs will tilt askew. Use
an iron with lots of heat, but
apply it to the pins for only
a short period of time. After
each coil has been completed,
coat it thoroughly with Q-
dope or polystyrene cement.

The top end from a dis-
carded 9-volt battery can
serve as a power plug. Tape
#y the preselector’s battery to
the bottom of the Minibox.

Diodes DI. D2, D3, and
D4 must be used if you have
a radio transmitter in the
housc. The purpose of these
diodes is to short out danger-
ously high voltages which
might otherwise reach the
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DX DEVIL

transistor and burn it out, They will also
protect Q1 from static discharges resulting
from nearby lightning strokes.

The diodes offer a fairly high resistance
to the tiny signal voltages present on the
antenna feed, but they break down to form
a direct short whenever they are subjected
to more than a few volts of RF energy.
Just about any low-cost silicon rectifier will
do the job. The ones in the photo below are
inexpensive 750-mA, 400-PIV units, Type
IN34A germunium diodes will also prove
satisfactory. The diodes can be omitted if
you have no transmitting gear and live in
an area with few thunderstorms.

Adjustment. After carefully checking
for wiring crrors, plug in Q1 and the bat.
tery. Run twinlead or a coax between the
receiver’s antenna connector and terminals
1 and 2 of TSIl. Attach the feed from a
doublet antenna to terminals 3 and 4.

If you use coax at cither point, attach the
shicld braid to the G terminal and the center
conductor to the A terminal as marked on
the schematic. If you run twinlead to the
receiver, be sure to connect the wire on
terminal 1 of TSI to the ground terminal. If
you use a single wire rather than a doublet,
connect it to terminal 3 and then run a lead
from terminal 4 to an earth ground.

SECONDARY
FRIMARY e

SOCKET FOR LI

Input and output leads attach to terminal strip as
follows: from left to right, Gnd—Ant—Rec—Gnd.

Snap the back on to the Minibox and
fasten it in place with sheet metal screws,
The unit won’t work unless you do this, be-
cause there must be a good electrical connec-
tion between the two halves of the case.

Tune the receiver to a 4-MHz signal,
preferably one from an AM station, and
plug in coil 3. Turn on S! and st R2 in
Is maximum clockwise position. Tune CI
back and forth. You should hear some
birdies (extraneous signals) in the receiver.
These indicate osciilation in the preselector,

Rock C1 while turning the
Tegeneration control counter-
clockwise. You should finally
reach a setting of R2 where
the birdies disappear, and a
point on C! where the 4-MHz
signal is much louder when S1
is on than when it is switched
off.

Feedback. The small por-
tion of coil which appears be-
tween pins 3 and 4 is the feed-
back winding. It causes the
circuit to be regenerative. Be-
caus¢ of variations in transis-

/ tor gain, as well as antenna
and receiver input impedances,
it may be necessary to modity
the coil a bit to provide opti-
mum (Continned on page 106)

01,02

Leads to L1's socket should be as short
as possible. Gate terminal of Q1's sockef
is soldered directly fo pin 2 of L1.

ELEMENTARY ELECTRONICS
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Micro-electronics and micro-mechanics combine thin films and tiny motors in a
watch so accurate it chops each second into thousands of equal, miniscule pieces

By Jorma Hyypia

he watchmakers of Switzerland have

done it again! Helvetian horological
scientists have now created an ultra-precise
wristwatch by splitting a second ol time into
ten thousand equal parts! To turn the trick,
they've crammed a vibrating crystal and the
equivalent of scveral transistor radios into a
pea-size package, then used this remarkable
micro-electronic system to operate a minis-
cule synchronous motor in a normal-sized
wristwatch.

The teat has won for the Swiss renewed
recognition as master craftsmen in the art of
designing precision timepieces. At a recent
International  Chronometric  Competition
held at the Neuchatel Observatory in Swit-
zerland, a Swiss-engineered electronic quartz
wristwatch garnered top honors in competi-
tion against 227 other competing watches.

This revolutionary watch might have taken
longer to develop except for one significant
factor: rough competition. When the Bulova

SEPTEMBER-OCTOBER, 1968

Watch Company introduced its Accutron
watch in 1960, the Swiss watch industry was
badly shaken by the expected competitive
impact. Hurriedly, the Swiss collected the
best available horological brains and put
them to work in a new, ultra-modern re-
scarch laboratory called Centre Eletronique
Horlogére (CEH). The crash objective:
create electronic timepieces that would en-
sure the economic security of Swiss watch-
makers. Here’s how researchers at the Horo-
jogical Electronic Center reclaimed Swiss
fume.

Old ldea, New Twist. Though the CEH
quartz, watch is a wholly new kind of wrist-
watch, it incorporates no new design features
other than ultra-miniaturization. Basically,
the watch is a quartz clock that has been
squeezed small enough to fit into an average-
size watch case. But that squeezing took
some doing!

Quartz clocks—actually chronometers—

www americanradiohistorv com

45


www.americanradiohistory.com

46

X MARKS THE TIME

have been widely used for a long time, and
much has been done in recent years to re-
duce their sizes. In 1966, the Swiss watch
industry created the first pocket quartz
watch. Few would have guessed that within
a year the final step of miniaturization would
be accomplished.

CEH researchers are understandably
loathe to reveal all the design secrets em-
bodicd in the new watch. For example, they
refuse to reveal the exact electronic circuits
used in the watch. But a pretty good idea of
the probable nature of these circuits can be
obtained by examining the workings of a
typical quartz clock and making the assumjp-
tion that the watch circuits are quite similar
except for size (see Fig. 1).

Piezoelectric Time Standard. A quartz
crystal is the heart of any electronic quartz
timepicce; it is capable of beating out a frac-
tional-second time pulse with incredible ac-
curacy and reliability. In fact, a vibrating
quartz crystal is recognized to be the most
precise time standard known, with the ex-
ception of atomic standards.

The vibrational regularity of quartz is a
manifestation of the mineral’s piczoelectric
properties. When a properly prepared crystal
is electrically energized, it physically vibrates
at some steady, high frequency. In a typical
quartz clock, the crystal may have a vibra-
tional frequency as high as a miilion cycles
per second (Hz). In the new CEH watch,
the crystal is made to vibrate at a frequency
of about 10,000 Hz.

High-frequency vibration—or oscillation
—is the key to very accurate timekeeping.
The higher the frequency, the more effec-
tively it can maintain timing accuracy.

Conventional watch mechanisms that util-
ize a hairspring-balance wheel timing system
oscillate at frequencies ranging from 2.5 to
5 Hz. The Bulova Accutron watch uscs a
tiny, vibrating tuning fork to obtain a much
higher frequency of 360 Hz. This substantial
frequency step-up accounted for the much
improved timing accuracy of the Accutron.
Now, by utilizing the unique properties of the
quartz crystal. CEH researchers have in-
creased the oscillatory standard to a phenom-
enal 10,000 Hz!

How much of an improvement does this
frequency increase represent in actual time-
keeping accuracy? Mass-produced Accutron
watches are guaranteed to keep correct time
within two seconds per 24 hours under
normal use conditions. CEH reports that the
new quartz watch loses or gains only a few
tenths of 4 second in the same period of time.
This degree of accuracy has been obtained
with prototype watches carefully handcrafted
for research purposes; mass-produced ver-
sions are quite likely to have a guaranteed
accuracy in the order of at least one second
per day.

Frequency Step-Down. To improve
timing accuracy, the second must be sliced
into ever smaller fractional increments. But
the high-frequency oscillations that represent
these minute time intervals cannot be used
to directly drive a watch indicator mechan-
ism. The high frequency must be stepped
down to a level that can be used to control
a synchronous electric motor coupled to the
gear system {hat operates the hands of the
timepiece.

Incidentally, this frequency step-down may
not be required when the uitimate electronic
watch has been perfected. The reason: such
a watch will have no moving parts—not even
‘the traditional hands,

Frequency Divider Circuit. The fre-
quexncy step-down is accomplished electroni-

—

Fig. 1. Ultra-precise quartz

OSCILLATOR
CIRCUIT

7 S

10, 000Kz

watch uses crystal-controlled
oscillator as a frequency ref-
erence. The high-frequency
signal is reduced to a lower

CRYSTAL

multiple by frequency divider

FREQUENCY DIVIDER !

_W : 10004z

! TWO-STAGE |
[ _ BINARY SYSTEM N

CONTROL
CIRCUIT

network and fed to a control
circuit which adjusts the rpm
of a tiny synchronous motor.
Design is same as quartz clock,
but oscillator frequency is
lower and two-stage frequency
divider is simpler.

READ OUT
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o
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+ 1 3ec./24 Hrs.

OCO

ELEMENTARY ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

Fig. 2. Trigger circuitry of
multivibrator produces one output
pulse from two input pulses.

cally by means of a complex frequency di-
vider system made up of a chain of binary
divider circuits. Just what is a binary di-
vider? How does it work?

Figurc 2 shows a basic binary (flip-flop)
circuit. In any such flip-flop system, the sym-
metrical circuit provides two possible stable
conditions: 1) transistor Q! is on and Q2
is off. 2) Q2 is on and QI is off.

Assume that Q1 is on when a positive pulsc
is applied at the input. The pulse passes
through the steering diode DI and then
through capacitor'Cl to the basc of the npn
transistor Q2 which thus becomes slightly
conducting. The collector voltage of Q2 is
decreased, and this decrcase is passed on
through C2 to the base of QI, which be-
comes less conducting than it was before the

v —

1 Mz = "F
OSCILLATOR

A

MHz

READ QUT CONTROL

FREQUENCY DIVIDER (Series of 10-to-1 flip-flop Circuits)

| |
1 ““I' || [\. |
0 100kHz || 011z Tz oo T[T

t

pulse was applied to the input.
The resulting voltage increase on
the Q1 collector is passed on to
the basc of transistor Q2 to fur-
ther incrcase its conductivity.
This rcgencrative process con-
tinues until a reverse cquilibrium
is rcached.

The significant result is that
only one output pulse is derived
from every (wo input pulses.
This scale-of-two or binary sys-
tem forms the basis of the more
complex divider circuits used in
the quartz timepicces. In large
quartz clocks, these basic binary
flip-flops are often integrated to
form scalc-of-ten systems in
which ten input pulscs arc need-
ed to produce one (see Fig. 3).

The CEH watch presumably
uscs a similar chain of integrated
binary frequency divider circuits
to bring the oscillator frequency
down to the required 1000 Hz, the frequency
needed to control the tiny synchronous
motor in the watch.

These integrated circuits operate in the
microwatt power range. The truly amazing
fact is that in the CEH watch two stages of
divider circuits are contained in a single,
plastic-covered capsule measuring only 6 x
4.3 x 1.5 millimeters! Most of this tiny vol-
ume is occupied by the protective plastic; the
actual circuits—the cquivalent of several
tr / about one
onc-hundredth of the total capsule volume!

Thin Film Circuitry? The CEH rescarch-
ers aren’t saying just how they manage to
cram so much complex circuitry into such
microscopic space. A good guess: they use
“thin-film” microcircuit techniques devel-

Fig. 3. Since scale-of-fwo
{bmary) circuits can be inte-
grated in a frequency divider
network, multiples of basic two-
to-one input-oufput ratio are
obtained. Ten-fo-one scales are
common in quarfz clocks. Precision
quartz chronometers use a high-
frequency oscillator and multi-
] stage frequency divider with
series of binary flip-flop circuits
for ultra precise timekeeping.

QUARTZ
CRYSTAL

1Hz

+0.001 Sec. CIRCUIT

per 24 Hrs.

SEPTEMBER-OCTOBER, 1968

WWW americanradiohistorv com

47


www.americanradiohistory.com

43

X MARKS THE TIME

oped by members of the computer industry.

It is quite possible to vaporize various sub-
stances onto cxtremely thin supporting films
to create complex circuits containing all types
of components including transistors, diodes,
resistors, capacitors, as well us interconnect-
ing leads. These films may bhe as thin, or
thinner, than the skin of a soap bubble. A
few square millimeters of such a film may
contain several dozen transistors and resis-
tors. all properly connected as they would
be in a conventional micro circuit.

Micro-mechanics. Ordinary clectronic
circuits require at lcast a few milliwatts of
electrical power to make them operational.
To make the delicate circuitry of the quartz
watch function properly, the designers had to
scale these usual wattages down a thousand-
fold. Power consumed by the electronic
watch is in the order of 10 microwatts—10
millionths of a watt! This is roughly a mil-
lionth the power consumed by a ten-watt
light bulb.

The wizardry of the CEH rescarchers
wasn’t all clectronic. They also had to make
use of their expertise in micro-mechanics in
order to construct an extremely minute, yct
rigorously synchronized electric motor to
turn the watch hands. This motor is not only
small in size, but it operates on only a few
microwatts of power and responds to clec-
trical pulses in the order of a thousandth of
a second.

This low power consumption makes it pos-
sible to operate the quartz watch for a full
year using onec small mercury cell.

Atomic Judge. How is it possible to
measure and judge the time-keeping accura-
cies of such high-precision watches, and the
even more accurate quartz clocks? The sole
solution is to use even more accurate time-
pieces as the standards. And the only time-
piece that is more accurate than a quartz
chronometer is an atomic clock (sce Fig. 4).

Basically, an atomic clock is a glorified

quartz clock, with one very significant dif-
ference. In the quartz clock the vibrating
quartz crystal is used as the prime frequency
standard that cuts time into accurate incre-
ments. In an atomic clock the quartz crystal
is coupled through a frequency multiplicr
and control circuit to a new frequency stand-
ard of cven greater inhcrent precision—
atomic encrgy.

The clement cesium-133 has been selected
as the most practical atomic standard for
time measurements, though other atoms can
be used. Cesium-133 sublimes when heated,
and the resulting vapor is used to create a
cesium beam. When this beam is energized,
the cesium clectrons are moved to higher spin
energy levels. Subscquent spin transition to
lower energy levels relcases energy in very
precise frequency increments—exactly 9,
192, 631, 770 Hz.

The cesium is not a clock in itself. But it
is a primary standard and as such can be used
to measurc and define a second very ac-
curately. In the atomic clock, the output of
the quartz oscillator is multiplied to provide
a frequency cqual to the cesium resonance
frequency. A control circuit then compares
the two frequencies—that of the cesium and
of the quartz oscillator circuit. If the quartz
oscillator frequency starts to drift, the control
circuit generates an crror signal which auto-
matically adjusts the frequency of the oscilla-
tor to again cxactly match that of the ccsium
standard.

This preciscly controlled output of the
quartz oscillator is then fed through the usual
frequency-divider circuits to a synchronous
motor used to drive the final read-out system.

An atomic clock is capable of truly in-
credible accuracy. For example, a portable
atomic clock made hy the Hewlett-Packard
Company was recently transported to several
countries for purposes of making precise
time checks on a world-wide basis. This
clock is so accurate that it would require
1600 years for it to accumulate an error of
only one second!

Cautious Marketing. When will you be
able to buy one of the CEH elcctronic quartz

(Continued on page 110)

Fig. 4. Atomic clocks can judge
performances of other chrono-
meters and watches. While they

ATONIC QUARTZ
CONTROL
FREQUENCY CRYSTAL FREQUENCY
STANDARD CIRCUIT M et B onvioeR
l_‘ FREQUENCY
‘ MULTIPLIER

use quarti-crystal oscillator
and frequency divider network,
their timing accuracy is based
on atomic frequency standard
rather than quartz vibrations.

READ QUT
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Your instamatic silent switcher allows you to switch at least
a hilowatt of power with almost no pressure at all. In fact, this
nifty device wants only the right touch—just a light touch!

ver get tired using heavy, bulky switches

for equipment that takes a lot of power?
Well, snap on the Touchomatic and sec that
there is, indeed, a better way!

Ever get tired of having to leave the room
1o turn out the lights or having to get up
from your chair to switch on the TV? Then
give in and build the Touchomatic for a
touch that will really tell. Its applications
are limitless. You can cven control the
power input to your ham or CB shack from
pne central point with this snappy control
box.

Anyone can have magic fingers with this
do-all switch. And with the heavy-duty re-
lay that’s included, just under a 1000 watts
of resistive power can be controlled. No
moedifications to your present cquipment
reed be made, und operation is safe and

SerTEMBEE-OCTOBER, 1968

reliable. But if you’re the kind of fellow
who touches all bases, you can cven add an
isolation transformer to make sure that the
AC line voltage stays in its place.

A Working Model. Taking a look at
the schematic, you can sce that RI, the
touchplate (TP), R2, Cl, and NEI would
form a basic relaxation oscillator if it were
not for 1000-ohm resistor R3. With the ad-
dition of R3, a pulse-generating circuit is
formed.

When someone touches the touchplate
(TP), the resistance of his finger across
points A and B is added in series to the com-
bination of R1 and R2, and capacitor Cl
begins to charge. When the voltage across
Cl is finally sufficient to fire NEI, Cl will
begin to discharge.

When NE! fires, it produces a short be-

WwwWw americanradiohistorv com
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tween its terminals. Since R3 is connected
across Cl, they are effectively in serics after
NEL fires. A voltage spikc will then be
passed by C2 and this will act as a positive
triggering pulsc. The pulse is fed to both
SCR gates; SCR?2 conducts, thercby clos-
ing relay KI. With a finger no longer on
the touchplate, no more pulses arc forthcom-
ing because the Cl charge path is open.
The next contact with the touchplate will
produce a pulse which triggers SCR1. SCR2
is now turned off by capacitor C3 which was
charged by current passing through R6 and

,
|

| i

Author's design for touchplate is shown above.
Touching any combination of two wires connecting
points A and B (see schematic, above right)

will trigger relay. Underside of cover (below) shows
wiring layout for touchplate. Leads from A and 8

are connected fo solid wires in alternate rows.

H _U

[ VO

SIEREATROSRREA

i

POAER QUTLET
(OPTIONAL)

{R5, R7, K8 ARE BEHIND C3)

LINE]

Heavy lines show how components mounf on fop of
PC board. Relay K1 fits between fwo holes of fop of
board, covering RS, R7, and R8. A perf board and

flea clips or push-in terminals will also work fine.

SCR2. The firing of SCR1 in this way places
a negative voltage across SCR2 which mo-
mentarily drops the relay current to a point
below the holding current value of SCR2.
(Holding current is the minimum current an
SCR requires to remain in a conducting
statc once its gate voltage is removed.)

With SCR2 turned off, the relay will open

and SCRI will turn off due to the large re-
sistance in series with its anode. Starved in
this way, SCR1 turns off because of a forced
lack of holding current.

Construction. Due (0 such high sensitiv-

ity, one might expect the parts layout to be
critical. This just isn’t so. If you follow the
photos and pictorial you shouldn't have any
trouble.

Together R1 and R2 offer excellent iso-

lation from the AC line. A transformerless
power supply is used. But as said before,
an isolation (power) transformer might be
a good idea, particularly if you want to be
certain that you'rc always on the safe side.

The actual form of the touchplate is pretty

much up to you. The model shown was
constructed by drilling holes in the box lid
and placing solid wire in alternate positions

Circuit board removed from
plastic case. Parts layout
corresponds fo wiring pic-
torial af top of page.
While NE2 mounts on case
in a panel light assembly,
NE1 is connected to board
with heavy wire soldered

to terminals of bulb. A
#51 neon lamp having
wire leads might be more
convenient. If perf board

is used, parts layout will

be basically the same.
Optional power transformer
should fit info plastic case.

151
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Note that fouchplate (TP) is
connected fo circuit with 300-0hm
twinlead at points A and B.
These two points are located on
terminal strip TS1. With this
design, an external input (i.e.,
from a switch) would connect to
screw terminals of TS1. Twin lead
is also used fo connect points

A and B at TS1 to PC board.
Since R1 and R2 offer only
minimal isolation from AC line,

117VAC

Rl
220K
TP
B +
® =3
2208 NEL
Cl
1{[\

and diodes D1-D4 could short SR12
out, an isolation tronsformer GE106
is recommended for beginners. B2 e

enn

PARTS LIST FOR TOUCHOMATIC

C1—1-uF, 200-vDC capacitor

€2, €3—0.1-uF, 400-VDC capacitor

C4—8-uF, 450-VDC electrolytic capacitor

D1, D2, D3, D4—10B2 silicon rectifier

K1—110-VDC, spdt, 8000-ohm power relay
{P&B MRSD, Allied 41 E 6760 or equiv.)

NE1, NE2—# 51 neon bulb

R1, R2, R5—220,000-0hm, V;-watt resistor

R3, R6—1000-0hm, Y5-watt resistor

R4—220-0hm, 14-watt resistor

R7—100,000-0hm, V2-watt resistor

R8—390,000-0hm, 1;-watt resistor

SCR1, SCR2—GE 10682 silicon tontrolled rec-
tifier

Mise.—Plastic box and cover, touchplate {see
text), panel light assembly for #51 nean
bulb, 2-screw terminal  strip, optional
chassis-mounting AC outlet {Allied 47B0830
or equiv.), zip cord, 300-ohm twinlead, PC
board or perf board {optionall, rubber feet,

spaghetii, wire, solder, hardware, etc.

I

e

L

so that touching any combination of two
different leads (A and B) will close the re-
lay. The wire should be rugged and spa-
ghetti should be used to insulate one group
of wires from the other (A from B).

Applications. Your touchplate needn't
be the end of the tine for the Touchomatic.
While the basic Touchomatic hookup is
shown (Fig. A), other hookups can be made
to points A and B via terminal strip TSI.
Figs. B and C show circuits for a burglar
alarm and hall light system.

The hall light system—as well as similar
circuits—requires only low-current wires and
switches, and the wholc system is switched
on or off at any onc control point. These
are just starting points for pcople who want
to expcriment—just use your imagination.

Last but not least! Touchomatic can be
onc hell of a devilish device. Just leave a
sign next to it saying DO NOT TOUCH.
Then hook up points A and B to whatever
gimmick you can think of, and watch your
panic button go to work on an unsuspect-
ing victim! Yikes! E
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[IG_E'P TERMINAL DIAGRAN
q

TOUCHOMATIC
A
117VAC _.-TmJTP
e = : . :
K| ®
TOUCHONATIC HOOKUP
DY %
117VAcIl LOAD
A
TOUCHONATIC
117VAC ——"
:.: ¢ | ————
TPt "
Y
09 o€
l_—__ BURGLAR ALARM
117VAC K2 - ALARM
——— ]
B
TOUCHOMATIC
A
17VC i
- . Dl
~— B NORVALLY OPEN
8o CONTACT SWITCHES

08 4 _LAMPS

335000

"~ HALL LIGHT SYSTEM

170 lr
C

Bosic Touchomatic hookup is shown obove in Fig. A.
While relay K1 is a spdf model, only fwo confocts
(d and e) were used by author. However, experi-
menfers may wish fo use confact ¢ for some kind of
indicator to show that switch is off, etc. Fig. B is
design for a burglar alarm, and contains an external
relay K2 to control current to alarm and fo provide
a latching circuif so that alarm cannof be

switched off. Builder might wanf o add a switch so
that relay may be de-energized at his command.
Finally, Fig. C illustrates typical lighting circuit
where external switches connected in parallel

can control lights at any one point.
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@MiﬁN?SHUULﬁ 'DEVELOP AN EASY WAY

]

. TO LEARN ELECTRONICS AT HOME

RCA INSTITUTES DID!

Here is a whole new approach to learning
electronics at home! RCA Institutes,

{ one of the nations' largest schools devoted
to electronics, has developed a faster, ?
easier way for you to gain the skills and ‘
the knowledge you need for the career {
of your choice. Here for the first time, is a

{ student-proved, scientifically designed way
to learn. If you have had any doubts in
the past about home training in electronics
—if you have hesitated because you thought
you might not be able to keep up—or that
electronics was too complicated to learn—
here is your answer! Read how
\RCA Institutes has revolutionized

} its entire home training ideas!

g

e
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NEW CAREER PROGRAMS
BEGIN WITH “AUTOTEXT" INSTRUCTION METHOD!

Start to fearn the field of your choice immediately!

No previous training or experience in electronics needed!

With this new revolutionized method of
home training you pick the career of
your choice—and RCA Institutes trains
you for it. RCA's Career Programs assure
you that everything you learn will help
you go directly to the field that you have
chosen! No wasted time learning things
you'll never use on the job! The Career
Program you choose is especially de-
signed to get you into that career in the
fastest, easiest possible way!

And each Career Program starts with
the amazing "AUTOTEXT" Programmed
Instruction Method—the new, faster way
tolearn that's almost automatic! “AUTO-
TEXT" helps even those who have had
trouble with conventional home training
methods in the past. This is the ''Space
Age' way to learn everything you need
to know with the least amount of time
and effort.

CHOOSE A CAREER PROGRAM NOW
Your next stop may be the job of your
choice. Each one of these RCA Institutes
Career Programs is a complete unit. It
contzins the know-how you need to step
into a profitable career. Here are the
names of the programs and the kinds of
jobs they train you for. Which one is
for you?

Television Servicing. Prepares you for a
career as a TV Technician/Serviceman;

Master Antenna Systems Technician; TV'

Laboratory Technician; Educational TV
Technician.

FCC License Preparation. For those who
want to become TV Station Engineers,
Communications Laboratory Techni-
cians, or Field Engineers.

Automation Electronics. Gets you ready
to be an Automation Electronics Tech:
nician; Manufacturer's Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Tech-
nician; Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Electronics Techni-
cian; Industrial Electronics Technician;
Industrial Laboratory Technician,

SEPTEMBER-OCTOBER, 1968

Technician, Marine Radio Technician.

dustrial Laboratory Technicians.

ics Technicians.

cialist in the Semiconductor Field.

Chartist.
SEPARATE COURSES

with your other materials.
LIBERAL TUITION PLAN

cent until you resume the course.
VALUABLE EQUIPMENT

Accredited Member
National Home Study Council

www americanradiohistorv com

Telecommunications. For a job as TV Sta-
tion Engineer, Mobile Communications

Industrial Electronics. For jobs as In-
dustrial Electronics Technicians; Field
Engineers; Maintenance Technicians; In-

Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Lab-
oratory Technicians; Industrial Electron-

Solid State Electronics. Become a spe+

Electronics Drafting. Junior Draftsman,
Junior Technical lllustrator; Parts in-
spector; Design Draftsman Trainee

In addition, in order to meet specific
needs, RCA Institutes offers a wide va-
riety of separate courses which may be
taken independently of the Career Pro-
grams, on all subjects from Electronics
Fundamentals to Computer Program-
ming. Complete information will be sent

RCA offers you a unique Liberal Tuition
Plan—your most economical way to
fearn. You pay for lessons only as you
order them. No long term contracts. If
you wish to stop your training for any
reason, you may do so and not owe one

You receive valuable equipment to keep
and use on the job—and you never have
to take apart one piece to build another.
New—Programmed Electronics Bread-
board. You now will receive a scien-
tifically programmed electroni¢ bread-

board with your study material. This
breadboard provides limitless experi-
mentation with basic electrical and elec-
tronic circuits involving vacuum tubes
and transistors and includes the con-
struction of a working signal generator
and superheterodyne. AM Receiver,

Bonus From RCA—Multimeter and
Oscilloscope Kits. At no additional cost,
you will receive with every RCA Institutes
Career Program the instruments and kit
material you need to build a multimeter
and oscilloscope. The inclusion of both
these kits is an RCA extra.

CLASSROOM TRAINING

ALSO AVAILABLE

RCA Institutes maintains one of the farg-
est schools of its kind in New York City
where classroom and laboratory train-
ing is available in day or evening ses-
sions. You may be admitted without any
previous technical training; preparatory
courses are available if you haven't com-
pleted high school. Coeducational class-
es start four times a year.

JOB PLACEMENT SERVICE, TOO!
Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell, Grum-
man, Westinghouse, and major Radio
and TV Networks have regularly em-
ployed graduates through RCA Institutes’
own placement service.

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, NO OB-
LIGATION. NO SALESMAN WILL CALL.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW Gi BILL.

RCA INSTITUTES, inc., Dept. EA-38

220 West 31st St., New York, N.Y. 10001
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An urgent, cryptic message
speeds doctors and nurses
to a troubled heart in need

‘e ttention, please! Attention, G
please! Code 99!

These words announced over £0Dt 99
the public-address system of New PUSH BUTTON
York’s Saint Vincent’s Hospital AROUMD CORNEN
mean someone is dying of a heart : i
attack. Nurses run for a cart load-
ed with specialized life-saving
equipment. (Continued on page 58)

.

Doctors and nurses hasten to the patient's bedside, some bringing specially prepared carfs containing
respiration equipment, ECG machine, and vital medical supplies.

ELEMENTARY ELECTRONICS
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Only seconds have elapsed since
Code 99 was sounded. Heart is
massaged and oxygen is
administered (top left). Patient's
Ereath is returning, and doctor (top
right) listens to defermine whether
it is adequate. Heart massage
continues. External cardiac massage
apparatus (right), which shocks
heart back into action, is applied.
Nurse in background prepares
injection of sodium bicarbonate fo
neutralize dangerous acids that
build up when circulation is stopped.
Doctor (below left) monitors and
interprets tape from ECG machine
connected to patient for on-the-spot
heart data. Important decisions can
be made immediately. Later, same
doctor (lower right) remotely
monitors patient's heart action at
central cardiac monitor. (Turn page)

SEPTEMBER-OCTOBER, 1968
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(Continued from page 56) Doctors come
on the double, direct to the patient’s bed-
side. In seconds, a remarkable team is
formed and functioning, a team which
may literally bring the patient back from
the grasp of death.

St. Vincent’s Hospital is one of the first
in the country to use this unique method
of saving the dying. The pioneering Code
99 was prompted by new techniques in
artificial respiration and circulation, cou-
pled with electronic devices which permit
doctors to revive people who otherwise
would be lost. Code 99 makes sure doc-
tors get to the patient during the first four
minutes—the vital period before the brain
begins to die. 3]

Code has been successful
again. Patient's heart activity
has been restored and he
breathes with help of oxygen
(top). Only minutes have
passed. Nurses follow patient's
progress as he begins to regain
consciousness (left). His chest
may feel like it has been
stepped on by an elephant
from the severity of the
external massage, but he will be
alright. Nurses keep a constant
vigil until he is back to normal.
Getting ready for the next
Code 99, doctor examines
automatic respirator (bottom),
part of the many pieces of
equipment used in treatment.
All is kept in complete read-
iness, since Code 99 alert can
be sounded any time.

ELEMENTARY ELECTRONICS
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IGJ[E] PRODUCT TEST

KNIGHT-KIT Model KG-666
Comhination Inverter,
DC Supply, & Charger

Af some time or other, just about every-

one seriously interested in electronics
finds that life could be a whole lot casier if
he just had 117 VAC in the car. Somctimes
it’s a need to power a TV rcceiver to keep
the kids occupied in the back of a station
wagon. Other times, it's a desire to take
along the ham rig as a portable, or the basc
CB transceiver. Then again, maybe you just
want to power an electric drill without a long
“snake” trailing back to the house; or a
portable clectric typewriter; or a tape re-
corder. Whatever the case, 117 VAC is a
mighty handy thing to have in a car, boat, or
—you name it!

While budget-priced AC inverters—de-
vices powered off the battery which deliver
117 VAC—have been around a long time,
most are sharply limited in power-handling
capacity. But now, if you’re willing to spend
a few hours rolling your own, you can have
200 watts of AC virtually sitting on the seat
of the car. Damage is only $44.95, the price
of the Knight-Kit KG-666 Inverter/Charger.

Three In One. The KG-666 combincs
three functions in one instrument. First, the
unit is a 12-VDC to 117-VAC inverter capa-
ble of delivering up to 200 watts output. Sec-
ond, the unit provides 117 VDC for more
efficient operation of AC/DC equipment or
appliances with universal motors. Finally,
the KG-666 functions as a battery charger.

The KG-666 is designed as a portable,
with an attached handlc and rubber mount-

SEPTEMBER-OCTOBER, 1968

ing feet. Two binding posts on the front
panel provide the battery connection. On
either side of the binding posts is a standard
U-ground socket. One is for 117 VAC, the
other for 117 VDC, and the positive (-}-)
DC terminal so marked. For battery charg-
ing, a plug-in power cord connects on the
rear apron.

A mode switch on the front panel provides
instant selection of the invert, off, or charge
modes. And a slide switch (also on the front
panel) selects high or low inverter out volt-
age or charging current. Both the charge
and inverter circuits arc protected; the charg-
er by a rear-apron circuit breaker and the
inverter output by a pancl-mounted fuse.

Square, Almost Sixty. It is important
to keep in mind that the inverter output is
approximately 60 Hz and that the voltage
waveform is square, not sinc. While both
waveform and frequency are adequate for
most cquipment, some problems can arise.
For examiple, the square waveform results in
a slightly lower B in transformer-operated
equipment, such as a portable TV. This pro-
duces a slight shrinkage of the picture—not
enough to be objectionable, but it is there.
Similarly, with tape recorders where tape
speed depends on the frequency of the ap-
plied power, tapes will tend to be slightly
off-speed when inverter-made recordings are
played back in the home.

Another problem is buzz, both audible and
visual. The lcading cdge of the inverter’s
square wave output has a very stecep over-

i
TRANSISTOR

BRIDGE OI00ES FOR 110VDC

Power transformer is biggest single component in
KG-666. Similar to lower-priced KG-662, unit boasts
larger transformer and extra set of transistors.

www americanradiohistorv com
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shoot (a pulse), which produces a waveform
rich in harmonic content. These harmonics
can show up as a very slight buzz in audio
and radio equipment, or as weak interference
on the low TV channcls.

In our unit, the oulput voltage measured
116 V with the slide switch in the low posi-
tion and about 10% higher (125 V) with
the switch set to /iig/. This is about 10 volts
higher than Knight claims, but it is typical
of the variations to be found in transistor
equipment. Notc that these voltages were
obtained from a fully charged battery with
the engine off. With the cngine on and the
battery charging, the higher “battery line”
voltage increased the inverter’s output volt-
age some 5 to 10%.

As a battery charger, our KG-666 deliv-
ered a 6-A taper charge. In other words, the
charger started out delivering 6 A into a run-
down battery and then gradually reduced the
charge current as the battery was charged.
Though the charger is rated for 6 A, it is
capable of delivering more than this.

In the event a shorted or severely run-
down battery begins to draw cxcessive cur-
rent, the KG-666’s pilot lamp will dim, indi-
cating overload. The user then reduces the
current by sctting the slide switch to the low
charge position for whatever time is neces-
sary to bring the battery to the point where
it draws 6 A,

Because the charger’s output is unfiltered,
a DC meter might not indicate the true out-
put voltage. In fact, it’s quite possible the
KG-666 will be charging a battery even
though a meter connccted across the charg-
er’s terminals indicates less than the battery
voltage. (Theoretically, at least, a lower volt-
age cannot deliver current to a circuit of
higher potential.)

Assembling The Kit. Kit assembly isn't
particularly difficult, since there are few com-
ponents and interconnections. The real
trouble spot is the two transistors which are
mounted on the rear-apron heat sink. While
it’s true that doorknob-type transistors have
a keying pin, it is possible—as happened to
our builder—to install the entire heat sink
assembly upside down. The result is reversed
basc and cmitter connections. Thercfore,
take extra care when installing the heat-sink
assembly to cnsure that the transistor keying

CARRYING HANDLE

AC POWER

RECEPTACLE

TRANSISTORS DT R

Rear apron contains AC power socket, additional
transistors on heat sink, and battery-charger circuit
breaker. Screw at lower left is for ground.

pin is oriented exactly as shown in the pic-
torial (the pins face up, towards the invert-
er’s cover).

Summing Up. Bear in mind that the in-
verter can put a severe drain on the auto
battery. Take, for example, a recorder draw-
ing 100 watts. With a [2-volt battery, the
100 watts works out to about 8 A. This,
plus the inverter’'s minimum drain of 3 A,
means that the battery is called on to deliver
atotal of 11 A. A 200-watt appliance would
require about 20 A total.

The KG-666’s value lies primarily in its
function as an inverter, which it does as well
as can be expected. As a charger, the 6-A
output is typical of low-current battery
chargers.

For additional information on the KG-
666, write to Allied Radio Corp., 100 N,
Western Ave., Chicago, I11. 60680. |

FUNCTION SWITCH

FUSE HOLDER

0C SOCKET

4C SOCKET

Outlets are at bottom of KG-666's front panel,
function switch in center. Lamp above function
switch is overload indicator for charge mode.
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WALL
PHONE
WIRELESS

By Art Trauffer

r. Bell doesn’t get to meet Mr. Marconi in this project, but you can
try to bring them together in spirit. You can put a modern transistor
radio into what looks like ye olde telephone. Besides scrving to dress up
the decor of your home, it’s great as a conversation piece. It’s functional,
too . . . if you get tired of talking about it, you can sit back and listen.
And the listening is good. The larger speaker and the larger enclosure

> e, BN I
[

used here (compared to most small transistor radios) do much to en-
hance sound Yjuality. And for a change, the left bell is the on/off and
volume control, while the right bell is the station sclector. Other parts are
for show.

You can try your hand at finding some practical and some not-so-prac-
tical applications for the other telephone parts. For example, if the re-
ceiver hook is equipped with a switch, you can use it to turn the radio
on and off, or you can usc it to switch the sound from the speaker to the
telephone receiver. What can be done with the various parts depends
upon imagination and a desire for the unusual.

Old wood wall phones of various styles and sizes are available from

SepTEMBER-OCTOBER, 1968
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@ @ WALL WIRELESS

several firms. If you prefer, you can con-
struct your own. All of the parts, including
the receiver, hook, and bells, can be pur-
chased separately. However, for your con-
venience, some of the sources for complete
units are listed. Construction isn’t difficult,
and there’s more than enough room inside
the box to hold all the components.

Most of the old phone boxes were made
of solid oak, but you can use clear pine. It
is easier to work with, and while pine won'’t
take the same abuse as hardwood, it does
scrve the purpose. Use glue and small fin-
ishing nails to hold the box together.

T0P: 53"x3%"xs"
1"x1" CABINET

Fx3 x¥ ANGLE
BACK PANEL  WITH 8-32 HOLE
10"X7”X%”

i
i

134"

LEFT & IEIGHT

SIOE: DRILL HOLES IN BOTTOM FOR
%4"x33"x3" EACH

SPEAKER GRILLE (SEE TEXT)
ROUND OFF CORNERS AND EDGES

Countersink the nails and fill in with plas-
tic wood. Then round off all the corners
and outside cdges. Sand the exterior sur-
faces and finish with a coat of oak stain,
rubbed with a cloth or wad of facial tissue.
Finally, apply a coupic of coats of clear
varnish to all the surfaces to seal the wood
and to protect the finish.

Mount the transistor radio on the front
panel of the box as shown in the photo and
illustration. Fasten a bell to the station-
tuner shaft. When mounting the radio use
screws that are just long cnough. 1f they
are too long, you could cut into the circuit
board and other wiring.

HINGE (2 REQ.)
SINK HINGES BELOW SURFAC
= .

axgsﬂg gCgE\vI You can mark broadcast band

RADIO SHACK
12-1150 RADIO YOLUME CONTROL
) WITH SWITCH
(COMES WITH
: RADIO)

PLATE (ORIGINAL
OR HOME-MADE )

OVAL PH
SPEAKER

. \TOOL CLAMP
| HOLDS
i | BATTERY

ORIGINAL

SERIES OF HOLES  \.. (SEE TEXT,
RECETVER HOOK  \.  IN BOTTOM SERVE
(CAN BE PURCHASED) AS SPEAKER GRILLE  ayoLT
ORTGINAL RECETVER J TRANSISTOR
(CAN BE PURCHASED) BATTERY

The 9-V battery is held in

FRONT PANEL place by a small metal clamp.
N A group of small holes directly

97462 "k under the speaker permits

" passage of sound. Be sure fo

check clearance of all parts

8 before securing them in place.

At left, front panel overlaps
top, bottom, and sides slightly.
Center the panel and carefully
mark exact hinge positions.
You will have to do an
accurate job of aligning panel
closing screw fo its bracket—
it may be easier fo substitute
a magnetic door catch.

Completed unit (below) can

be hung on a nail or screwed

/ into wall. One or two holes in
back panel is all you need.

frequencies on tuning bell
and mark the off position
on other control bell.

RIGHT-HAND BELL
TUNES RADIO. ORIGINAL
BELLS CAM BE PURCHASED

LEFT-HAND BELL IS
SHITCH AND VOLUME ey
CONTROL

HOME-MADE W0OD BOX .
LOOKS LIKE ORIGINAL
OLDTIMER

v, ORIGINAL TRANSMITTER
SCREW HOLDS (CARBON MIKE) CAN BE
FRONT PANEL CLOSED PURCHASED

ELEMENTARY ELECTRONICS
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Important—length of screws
should be just long enough to
penetrate the thickness of front
panel and radio’s case. Excessive
length can cause short circuits
and other damage. Tuning shaft
should be centered in panel
opening. After mounting bell,

6-32 R.H.MACHINE SCREW
(2 REQ.)

$-28 HEX NUT
1"to 4" COUPLER

24" DIA.BRASS
TELEPHONE BELL

%

1-28
ACORN NUT

4" x 1" BRASS ROD,
4-28 THREADS ON

check for smooth operation.

RADIO SHACK 12-1150
TRANSISTOR RADIO IN
PLASTIC CASE

il

g

O

S g

MATERIALS LIST FOR WALL PHONE WIRELESS

ELECTRONICS PARTS

1—Transistor radio
equiv.)

1—3 x 5-in. speaker

1—9-V transistor radio battery

CABINET MATERIALS

1—10 x 7-in. back panel (see text)

1—9 3% x 61,-in. front panel

2-—9 1, x 3V,-in. side panels

2-—5V, x 3V/,-in. top and bottom

2—1 x 1-in. brass cobinet hinges {with 8 brass,
flat-head wood screws)

1—¥% x ¥ x Ya-in. brass
lock)

1—8/32 x 1-in.

(Radio Shack 12-1150 or

angle (front panel

round-head machine

eI

brass

Use a coupler and small rod fo
mount bell on shaft of volume
control and swifch assembly.
Drill an undersized hole in panel
fo obfain a fight grip on

volume control's threaded shank.
The shank isn't long enough fo
go all the way through panel. If
you insist on putting a nut on the
shank, you will have fo do a very
careful job of counfersinking

to avoid punching too large

a hole through panel.

WASHER

VOLUME CONTROL AND
RADIO

L

SWITCH SUPPLIED WITH

" THICK W0O0D PANEL%

ONE END

|5 HoLe 10
1 oLEAR COUPLER

b

A i

HOLE IN CENTER OF
. BELL ENLARGED T0
3" THICK PASS " ROD

WOOD PANEL

screw (front panel lock)
Misc.—Small finishing nails, glue, etc.

TELEPHONE PARTS

2~—21/,-in. dia brass telephone bells

1—Transmitter (carbon mike) with mounting
bracket and screws

1—Receiver, with cord

1—Receiver hook with mounting bracket

HARDWARE

2— 14 x V4-in. couplers with set screws
1—"V4 x ¥Y;-in. brass rod

1—1; x 1-in. brass rod

2-—1/4-28 brass hex nuts

2——1/,-28 acorn nuts

YT

,\‘ FLAT SURFACE ON
{11 VOLUME CONTROL SHAFT
'] ROUNDED AS SHOWN BELOW

+-28 HEX NUT

2" DTA. BRASS
TELEPHONE BELL

f & 28 ACORN

4
T

HOLE IN CENTER
OF BELL ENLARGED
10 PASS 5" ROD

3" to 4
COUPLER

1 x .} Ul
BRASS ROD
$-28 THREADS HALF WAY
VOLUME CONTROL

THREADED INTO UNDERSIZE
HOLE IN PANEL (SEE TEXT)

CEMENT TOGETHER

A0OED

END VIEW SHOWING FLAT SURFACE ON
VOLUME CONTROL SHAFT

OLD WOOD WALL TELEPHONES AND PARTS SOURCES

A-M TELEPHONE CO.

Turtle Lake, Wis. 54889
MR. & MRS. G. BILLARD

21710 Regnart Rd., Cupertino, Calif. 95014
BURDEN SALES CO.

814 0O St., Lincoln, Neb. 68508
CONTINENTAL TELEPHONE SUPPLY CO.

49 W. 46th St., New York, N.Y. 10036
DELTA ELECTRONICS

Box 2262, Dallas, Tex. 75221

SEPTEMBER-OCTOBER, 1968

ORA HARDACRE
555 S, Harbor Blvd., Anaheim, Calif. 92805
R. L. LOVELACE & SONS
Old Nauvoo Antiques, Nauvoo, Il
SURPLUS SAVINGS CENTER
Waymart, Pa. 18472
TELEPHONE ENGINEERING CO.
Lincoln Bldg., Simpson, Pa. 18407
TELEPHONE REPAIR & SUPPLY CO.
1760 W. Lunt Ave., Chicago, Ill. 60626

62354

WWW americanradiohistorv com

63


www.americanradiohistory.com

64

HACKLEBY

l Electronics | =
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Fortune smiled on a talented TV repairman, name of Homer Hackleby,
who then saw fit to prove again that power most definitely corrupts

By Charles Getts

Homer Hackleby, through some malad-
justment or perhaps a short-circuit of
the creative forces of our universe, was born
with electronic tubes in his head instead of
brain cells (or at least this is what his wife
would have us believe). Homer was an ac-
tive ham radio operator. He was also a
radio-television repair man, according to the
sign outside of his small shop, located on
the fringes of Big City, U.S.A.

Homer, however, considered himself an
inventor. And when his wife pussed the 200-
Ib mark, he turned all of his energies into
becoming the clectronic genius of his day.

It wus as he was repairing a TV set one
afternoon that his mind was struck by the
spark of mnspiration. He raised his head to
glance at Spencer, his assistant in the shop.

“Say, Spence, I wonder why a person
couldn’t wire up a transmitter so it would op-
crate over the sound carrier sent out by
TV stations? Then, instead of having to
listen to all the drivel of the commercials,
you could just pick up your own mike and
broadcast something interesting to hear. Not
only that, but a transmitter like that could
cancel out the station’s sound.”

“If you could succeed in riding the sound
wave sent out by the brouadcasting stations,”
said Spencer in surprise, “you’d only jam it
with your set. You can’t send sound two dif-
ferent ways at the sume time! That's for
sure!”

“Electric current goes two ways in the
same conductor,” remarked Homer calmly,
“in order to complete the circuit.”

“Yes, but there are two wires in order to
do it.”

“Well then, the problem would simply be
to invent a double-bund transmitter on one
wavelength. Sort of a two-way traffic over
the same road. Most of the programs are
sent out over several different mikes in the
TV studios. Therefore, the sound could
come in from a shortwave transmission
through onc mike and then be picked up
and transmitted by onc of the others.”

Spencer shook his head as he shot a quick
glance at his boss. He must be cracking up,
he thought to himself. Maybe in a few
months he’d break down completely. Then
he, Spencer, could take over the shop and
be the boss. Of course, if that did happen,
he’d let Homer do odd jobs around the
place . . .

“That would be impossible, boss,” he said
with a grin.

“It's the things that people say are impos-
sible that somebody comes along and does,”
said Homer. “A hundred years ago every-
one would say that it was impossible to send
a picture through the air and into the homes
of the nation, right? If men like Edison had
thought anything was impossible we'd never
have an electric light today—think that over,
Spence.” (Continued on page 103)
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Washington, D.C.

London

the
of the

London!. Moscow.! Karachi! Pyongyang!
Jerusalem! Bucharest! Want to QSL these and
dozens of other exciting capitals? You can, you
know—and you'll be off on what's bound to be one
of the most rewarding shortwave marathons ever..
All that most broadcasters require for a QSL
is the date and time of the
transmission as well as the 4
frequency on which it was %
heard. But to be on the
safe side, many DXers also include
a little information about the content
of the program itself; thoughtful ones
offer data on reception conditions. Our
chart on the following pages tells when and
where to listen for those capitals most easily
heard here in North America. All transmis-
sions are in English, and all times are in
GMT. Reports, by the way, should be addressed
to the broadcasting |
agency in the par-
ticular capital
involved.

Vatican City

By the Editors of
ELEMENTARY ELECTRONICS

l;hotos courtesy
an American Airways B
and TWA Y (Continued overleaf)
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WHERE TO LISTEN IN

WESTERN EUROPE

COUNTRY CAPITAL TIME FREQUENCIES

Denmark Copenhagen 0145-0215 © 9520

Finland Helsinki 2300-2330 - 15185

West Germany Bonn 0130-0250 11945, 9640
0445-0545 11945, 9545

ltaly Rome 0100-0120 11810

Monaco Monte Carlo 0630-0700 - 7135

Netherlands Amsterdam 0130-0220 . 9590

Portugal Lisbon 0200-0245 ° 11935, 9680, 6025
0345-8438 11935, 9680, 6025

Spain Madrid 0100-8345 - 9760, 6130

Sweden Stockholm 0330-0408 = 11705

1400-1450 = 21585, 17840
1600-1638 = 17840, 15240

Switzerland' Bern 0130-8238 = 15305, 11715, 9535
0445-0545 © 11715, 9720

United Kingdom London 0000-8308 = 11780, 9580, 6110

Vatican Vatican City 0050-011%0 : 9690, 7255

EUROPE—Communist Sphere .
Albania Tirana €030-8108 7300, 6200
©130-0200 . 7300, 6200
0300-8330 ' 11857, 9510

Bulgaria Sofia 0000-0108 9700
0400-0438 9700

Czechoslovakia Prague 8100-82080 11840, 15365, 11990, 9630, 9540, 7345
#330-0450 = 11840, 11990, 9630, 9540, 7345

East Germany E. Berlin @100-0145 | 9730, 9500

0230-0315 9730, 9560

8330-0415 9650, 9560
Hungary Budapest 8030-0130  11910,.9833, 7100, 6235
@300-04C0 - 11910, 9833, 7100, 6235
8430-05€0 = 11910, 9833, 7100, 6235

Poland Warsaw 2200-2230 . 11955, 11815, 9675, 9570, 7145, 7125
Rumania Bucharest 8130-0230 11940, 11810, 9590, 9510, 6190, 6150
Yugoslavia Belgrade 2200-2215 ' 9620, 7200,6100
US.S.R. Moscow 8200-0320 11735, 9700, 9685, 9610, 6175, 6045
0400-06C0 = 11960, 11890, 11860, 11735, 9665,
9640
0330-07:0 17775, 15180, 11980, 11850, 11755,
9735, 9540

ARAB WORLD and MIDDLE EAST

fran Teheran 2000-2020 15143,11730
fraq Baghdad 1930-2020 6095, 6030
2030-2120 6095, 6030
Israel Jerusalem 2115-2128 9725, 9009
Turkey Ankara 2200-2230 © 17820, 15160
United Arab Republic  Cairo 0200-8330 9475
| AFRICA--Sub Sahara

Central African Bangui 0430-07C0 - 7220
Republic
Congo Republic Brazzaville 0515-0550 = 15445, 11725, 9730, 5970, 4795, 3232
Democratic Republic Lubumbashi 1900-1845 11866
of the Congo
66 ELEMENTARY ELECTRONICS
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FTH

' WORLD

Compiled by the Editors of Elementary Electronics

FREQUENCIES

(330-0355 7245

7245

11850

11920, 6015

3396, 3306

15115

6095

11900, 11875, 11785, 9720, 9705,
9570, 9525, 7270, 7185, 6075, 5990,
5980

15435

15435

5047

4815

17890, 17775, 17720, 15345, 15125,
7130

15080, 11755, 11620, 9912, 7215
17825, 15135

11770, 9685

11900, 6175, 6100

15345,11672

15430

CAPITALS O
COUNTRY CAPITAL TIME
Ethiopia Addis Ababa
€400-0425
Ghana Accra $000-2100
lvory Coast Abidjan 1830-1900
Rhodesia Salisbury 0300-0600
Senegal Dakar %840-1300
Somali Mogadiscio 9315-0330
South Africa Johannesburg  0030-0120
Tanzania Dar es Salaam  1700-1710
1800-1810
Togo Lome '0530-0800
‘Upper Volta Ouagadougou ~ 0600-C800
China (Taiwan) Taipei 3200-0350
india New Delhi 1745-2230
' Japan Tokyo 2345-0045
Indonesia Djakarta 1100-1200 '
Megiaysia Kuala Lumpur  2245-2315
Pakistan Karachi 1945-2020
South Korea Seoul 0300-0400
South Vietnam Saigon 1530-1600

Thailand 0415-0515

Bangkok

China Peking 0000-0500
0400-0500
0800-0900
1100-1200
1400-1600

0500-0530

North Korea Pyongyang

North Vietnam Hanoi

Argentina Buenos Aires 0300-0400
Canada Quebec 0600-0630
(Ottawa)

Cuba Havana 0100-0450
0100-0600

0330-0600

0630-0800

2050-2150

Ecuador Quito 0200-0430
1400-1500

Metherlands Bonaire 023¢-0330

West Indies

Windward Islands St. George's 2300-0230
U.S.A. Washington 0200-0700

Australia Melbourne 0100-0300
1115-1215
New Zealand Wellington 2245-0545

SEPTEMBER-OCTOBER, 1968

www.americanradiohistorv.com

FAR EAST—Communist Sphere

NORTH and SOUTH

7245
11910

17680, 15095, 15060, 11945, 11820,
11630, 10865, 9457, 8240

15520, 6540

15520, 6540 ’

7580, 6480

7580, 6480

11760, 9760

‘AMERICA

11780, 9690, 6090
5990

9525
15285
11760
9655
15285, 15230
11915
15115
9695

15105, 11970
15205, 9635, 5995

.SOUTH PACIFIC
21740, 17890, 15320

11710, 15320, 9580
15110
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"Candy is dandy, but liquor is quicker,” quoth the poet
Ogden Nash, and, like candy, alcoholic beverages can now
be dispensed by machine. Soan to grace homes, yachts,
and executive suites, the aufomatic bartender gbove can
Pour any one of 24 separafe drinks in four seconds. Like
its commercial counterpart, the Bar-O-Mat (below), the
Bar-Tronic makes extensive use of special, mamentary-
action switches by Switchcraft, Inc. Both mackines are said
to be goof-proof and #o mix a perfect drink every time.

he day of the clever houseboy and

adroit butler is over. Now the gap
in gracious living must be filled by
transistors and solenoids.” The speak-
er? Stephen R. Krause, president of
K & M Electronics Co. The occasion?
Unveiling of K & M’s “Bar-Tronic”
(top photo) and “Bar-O-Mat” (Bot-
tom photo) automatic bartenders.

The Bar-Tronic, Mr. Krause ex-
plains, is designed for homes, yachts,
and executive and hospitality suites
where speed, perfectly mixed drinks,
and carefree host and hostess are re-
quired. As for the Bar-O-Mat, it’s in-
tended for commercial establishments
where the bartender would ordinarily
have no contact with the drinking
public. The Bar-O-Mat can be run by
a waiter, waitress, or other attendant,
since its operator has only to select
the desired drink on a small control
box and press a button.

The Bar-O-Mat is also available in
coin- or slug-operated models. And
if desired, the machine will automati-
cally imprint all bar checks and pro-
vide the total daily dollar value of all
drinks dispensed.

The Bar-Tronic is expected to find
ready acceptance among the well-
heeled yacht set. Similarly, the Bar-O-
Mat should prove popular with restau-
rants, catering firms, clubs, and hotels
across the nation. Even so, neither is
intended to replace the bartender.
After all, who ever heard of telling
your troubles to a robot?

—Robert Levine B
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The
Weakest
Link

By Jim Kyle, KGJKX

SEPTEMBER-OCTOBER, 1968

bviously, no one in his right mind

would intentionally install a delib-
erately weakened part in a piece of
equipment—or would he?

Well. if the equipment is electrical or
electronic, and at least one intentionally
weakened part (or its equivalent) is not
included, then the design is faulty!

For the weak link we're talking about
is the item which protects not only the
rest of the cquipment, but even the
building in which it is used. This inten-
tionally-weak link is the fuse.

The purpose of the fuse is always to
protect something. And the character-
istics of any specific fuse depend on
those of the item it is designed to pro-
tect. For some applications, mechanical
or electronic circuitbreakers take the
place of the fuse. But no matter what
type of protective device is employed,
its characteristics are always dependent
upon those of the protected item.

Few professional engincers—and al-
most no home experimenters—are
knowledgeable enough about fusing and
circuitry protection to choose protective
devices wisely. All too often the design
consists merely of chalking up the cur-
rent drain, sticking in a fuse of the next
higher standard rating, and letting it go
at that. Instead of using such hit-or-
miss methods, you can join the select
ranks of those who truly design their
circuit protection: the details aren’t dif-
ficult. And that's what the rest of this
article is alt about.

Types of Protective Devices. While
most of us tend to think of the fuse
(and fusing) as being symbolic of the
entire subject of circuit protection, ac-
tually the fuse is only one member of
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one class of protective devices. Let’s do a
little classification and arranging of classes
to get an idea of what kinds of protective
devices we can use.

The term proteciive devices divides into
two almost equally general sub-classes. These
are expenduble devices which operate only
once and must then be replaced, and reusable
devices which are capable of repeated opera-
tion. The fuse typifies the first class; the
circuit breaker the second.

Within the class of expendable devices we
find conventional fuses. 1t may come as
somewhat of a surprise to find lamp bulbs
and resistors also present in this cluss. How-
ever, in many designs resistors serve dual
purposes, and for this rcason they must be
included here.

Reusable devices include not only the
familiar thermal cricuit breakers (found in
many recent TV sets) but also special “crow-
bar” circuits, high-speed electronic switches
which interrupt a circuit within 100 micro-
seconds, and (believe it or not) even ordi-
nary lamp bulbs.

Fuses and Resistors. Fuses and resistors,
which make up the most widely used ex-
pendable devices, come in dozens of shapes
and sizes. The fuses we're most likely to
meet in our experimentation gencrally con-
sist of gluss-bodied cartridges with nickel-
plated brass end caps, containing a length
of wire which melts when excessive current
passes through it.

These fuses come in amperage ratings
from 5 mA up to 30 amperes (larger physi-
cal sizes with higher ratings are available
for power circuits) and in three “speed”
ratings known as slow-blow, medium lag,
and high-speed. Fuses are also voltage rated.
The controlling characteristics of these fuses
are time and current. In other words, the
whole idea is for them to carry their rated
current indefinitely, yet burn out and inter-
rupt the associated circuit in case of even
a slight overload.

For circuits that would be damaged rap-
idly at even slight overload high-speed fuses
are used. Most circuits can withstand very
slight overload for considerable periods of
time, and occasionully even draw more than
normal current for very brief intervals. For
these, the medium-lag fuse is employed. Fi-
nally, some electrical devices draw from 2

to 10 times their normal operating current
for extremely brief periods. (An example
of such a device is an electric motor, which
draws very heavy current when starting but
scttles back to its rated value after the arma-
ture begins to turn.) Fuses for these circuits
would employ slow-blow types.

The speed ratings of fuses also depend
to a large extent upon the current rating.
For example, a high-spced 5-mA fuse will
blow in Y second at 100% overload (10
mA.). However, a high-speed 1-amp fuse
requires 10 amps—a 1000% overload—to
open in that same %o second. This is caused
by the physical size of the wire necessary
to carry the higher current; the larger the
wire, the longer it takes to melt it out.

Maximum delay time for o high-speed fuse
at 100% overload (twice its rating) is 5
seconds. For the same overload factor, a
medium-lag fuse is allowed up to 30 sec-
onds to open the circuit, and slow-blow
units may take as much as two minutes.

Construction of these fuses varies with
both current rating and speed rating. The
low-current units frequently employ bead
construction, the medium-current values f7la-
ment construction, and the higher current
values employ shaped elements. These three
types of construction arc illustrated in Fig.
1. High-speed fuses use all three types, de-
pending upon current rating. Medium-lag
fuses generally employ either filament or
element construction, while slow-blow fuses
most frequently use a modified element con-
struction,

Frequently, slow-blow fuses actually in-
corporate several fuses within a single unit.
The first is the slow-blow element itself, with
characteristics already described. In series
with this is a second element with approxi-
mately seven times the slow-blow’s current
rating, which opens rapidly in case of ex-
treme overload. These fuses generally em-
ploy one of the three types of construction
shown in Fig. 2.

FUSE WIRE /

BEAD

ELEMENT OR LINK

FILAMENT OR LINK

= — — —_
1 =
Fig. 1. Three major fuse types. All are used for

high-speed and medium-lag fuses. Bead type is found
in low current ratings, element type is for heavy jobs.
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HEATER ELEMERT
el _)

Fig. 2. Three major fuse constructions for slow-blow
are seen along top row. Resistor construction is

RESISTOR SPRING

often applied af lower current ratings. Heavier flows

can be handled by fuses using o heater-element.

Not all the fuses we encounter are of the
cartridge type. TV servicemen often meet
a fuse with a superficially similar appear-
ance, but having wire leads similuar to those
of a resistor, in horizontal output circuits.
Power distribution technicians, on the other
hand, frequently encounter large high-cur-
rent fuses which appear to be monster
cousins of the cartridge fuse—but which
have replaceable fuse elements inside. The
principles, however, are similar for all.

Resistors as Fuses. Since almost all
vacuum-tube amplifier circuits require some
series resistance between each stage and the
common power supply, as a part of the de-
coupling circuitry, many modern amplifier
designs make these resistors do double duty
as fuses. In case of an overload-causing

fault within a stage, the decoupling resistor
in that stage burns out and opens the circuit.
While this is suicidal to the 10-cent resistor,
it protects the much more costly power-
supply components from damage as well as
pinpointing the stage in which the trouble
occurred for the technician.

The resistors are made to double as fuses
simply by using the minimum wattage rat-
ing capable of standing up in normal opera-
tion. If such a resistor is replaced by one
having the same resistance but a higher
wattage rating, the designed-in fuse action
is lost—and the next trouble may be in the
power supply. When replacing components
in a factory-built item, be sure to match all
characteristics rather than just a single
characteristic.

Occasionally, resistors other than those in
the decoupling network are employed as
double-duty fuses. These are almost always
found in either the cathode circuit or the
screen-grid circuit of vacuum-tube stages.
Since transistors make so much better fuses
than even fuses themsclves, this trick is not
used in transistorized circuitry.

Fuses as Resistors. The gencral ten-
dency among experimenters—and engineers
as well—is to consider a fuse as being just a
special kind of wire that melts before any-
thing else in the circuit. Very few persons
consider fuses to be resistors. (Turn page)

o

el gl ca o -

Circuit Breakers Are Replacing Old-Fashioned Fuses

Though it looks like a neon
lamp (top left), it's actually a
tiny circuit breaker. Excessive
current heats and opens contacts
to break the circuit. Just
below it, hand holds a circuit
breaker that replaces the fuse
in new TV sets. For lighting
circuits in the home, breakers
like the one at left are doing
away with plug-type fuses.

All the breakers shown can
eliminate familiar fuse types,
like the plug and cartridge
models seen along the hottom.

SEPTEMBER-OCTOBER, 1968
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In the days of vacuum-tube circuits this
caused no trouble, since the resistance of
even a small fuse is usually considerably
lower than that of any other part of the cir-
cuit. But in these days of low-voltage, high-
current transistor circuits, the fuse must al-
ways be considered as not only a fuse but a
resistor, too.

For instance, a laboratory power supply
designed to deliver 4 amperes at 12 volts
with better than 1% regulation—Iess than
Ys-volt change in output between no load
and full load—met its specifications when
tested. The same supply, when used to pow-
er a circuit, drooped by ¥ volt with less

TABLE 1.
MEDIUM-LAG FUSE RESISTANCE
Ampere | Measured Resis}anchalues_
_ Rating Min. _Average | Max.
/16 71 12.7 36.0
% 46 53 6.0
A 3.0 3.2 3.5
Y, 1.1 12 14
2 0.6 0.7 0.8
1 0.4 0.5 1.6
2 0.2 0.2 0.2

than Y2 ampere being drawn from it. While
a half-volt change with tubes would be neg-
ligible, with transistors this could change

TABLE 2.

HIGH SPEED FUSE RESISTANCE
Ampere Rated I Ampere ‘ Rated
Rating | Resistance | Rating Resistance

1/100 263 % [ 27

1/32 40 % 20

116 7 1 0.24

% 6 165 0.13

% 4.7 l 2 0.10

% 3.0 8 0.060

all operating conditions and nullify the cir-
cuit design.

After much tracing, the bug was located—
a Y2 amp fuse with slightly over 1-ohm
resistance had been substituted for the 4-
amp fuse. Ohm’s law shows that the drop
across the fuse was 12 volt when the rated
Y2 amp was being drawn. At 4 amps (as-
suming that the fuse remained unblown) the
drop would be 4 volts, a 30-time degrada-
tion of performance.

The resistance of a fuse can’t be elimi-

- A

N1924 -2
20553
A
5y, SR
15'0\qu
241102
2553

a4
b |

Fig. 3. Two Ys-amp fuses (in shaded areas) are
used in the output stage of this 10-watt transistor
amplifier. They act as resistors in the emitter
circuits and also protect the stage against

some types of overload.

nated, since it is a necessary characteristic
which produces the heat to melt the element
and thus make the fuse do its duty. All that
can be done is to tuke the resistance values
into account, and keep the fuses out of criti-
cal regulated-voltage circuits (they can al-
ways be placed on the input side of the
regulators where they do no harm, and pro-
tect the regulating circuits as well).

Tables 1 and 2 list typical resistance rat-
ings for medium-lag und high-speed fuses,
respectively. Slow-blow fuses ure not usually
used in circuits in which their resistance
would be critical,

Occasionally this characteristic of the fuse
comes in handy, for its own sake. For ex-
ample, Y2-ohm resistors are not casily come
by cxcept in large industrial-parts supply
houses. On the other hand, 1-amp fuses are
readily available the nation over. Fig. 3
shows that the typicul resistance value for
a l-amp fuse is approximately %2 ohm—

v

Fig. 4. When two power transistors are connected in
parallel, small resistors must be connected to the
emitter of each to equalize current between the
transistors. Fuses F1 and F2 do the job well.
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presto, a resistor that also offers circuit pro-
tection.

The author has used this trick in construc-
tion of hi-fi amplificrs, to provide equalizing
emitter resistors, and in making parallel
hookups of power transistors, where cqual-
izing resistors are necessary to assurc that
cach transistor carrics its share of the load.
Circuits uscd appear as Figs. 3 and 4.

Lamp Bulbs as Fuses. The lowly pilot
lamp is one of the most versatilec compo-
nents available to the experimenter—but its
application as a fuse may be slightly unusual.
Fig. 5 shows a [-tube novice-ham transmit-
ter circuit in which a single 250-mA pilot
lamp serves as both plate-current indicator
and B-plus fuse, while a second 60-mA bulb
indicates crystal current and protects the
crystal. In this and similar circuits, the
amount of current flowing is judged by the
relative brightness of the bulb; if too much
current flows, the bulb burns out.

The circuit of Fig. 5 and its relatives
depend upon bulb burnout for the protective
action. Fig. 6, though, shows another way
to use a lamp as a circuit protector, which is
more like a circuit breaker than a fuse. This

# L?MP
6.4V AT 3 AMP
POWER PACK -
ACK
— e
(‘f - /\
\ ’,}} c \:S
LDQDMDTIVE
0-12v0C TAKES = TO 1 ANP

Fig. 6. Automatic reset "circuit breaker" for a

model railroad has automotive lamp in series with
track wire. Bulb is normally dark, but short circuit
applies power to bulb, which protects power pack.

SepTEMBER-OCTOBER, 1968

» 24 TURNS B & W 3018
3 IN. LONG, 13 IN. DIA.

Fig. 5. This one-tube transmitter for
the Novice ham uses two pilot lamps
in its protective circuitry. One is a
60-mA pilot lamp in series with the
transmitting crystal (left). The other
is @-250 mA lamp in the tube's
cathode lead. Both lamps serve as
combination current meters and fuses.
Their relative brightness indicates
amount of current flow. A circuif
overload, however, will burn out the
lamp filament. The action is similar fo
that of a conventional fuse. Lamps for
this type of operation must be selected
carefully to prevent excessive power
consumption when the transmitter

is operating under normal loads.

circuit is taken from modecl-railroad prac-
tice, where the most likely overload is a
dead short across the rails (which, in turn,
shorts out the power supply).

With normal current flowing, the lamp
bulb filament stays cool and all the power
is delivered to the rails. A heavy overload,
however, draws enough current through the
filament to causc it to begin to get warm.
As the filament warms, its resistance rises—
and as the resistance rises, the filament heats
more. This action rapidly causcs the resist-
ance to rise and the filament to heat to the
glowing point. The higher resistance limits
current flow in the external circuit, while
the glowing bulb indicates the overload.

For this circuit, it’s cssential that the bulb
rating be at Icast two to three times the nor-
mal current flowing in the circuit. Other-
wise, the filament will begin to warm under
normal conditions, and the bulb will then
rob the external circuit of power. The whole
idea is that the bulb stays cool until an over-
load occurs.

Circuit Breakers. In the power-distribu-

—
=
S
=
~

CIRCUIT BREAKER

115VAC

(GROUND SIOE
OF LINE)

g

Fig. 7. Power fo workbench is controlled by breaker.
When "on'' button is pressed, relay supplies power.

An overload lets relay drop ouf, halting power.

Text gives additional details on a suitable breaker.
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tion field, dozens of types of circuit breakers
are uscd. However, only one type need con-
cern the cxperimenter, since all the others
are extremely rare in the general electronics
area. The circuit breaker available to cxperi-
menters is the thermal varicty, based on the
same principles as the familiar thermostat,

Specifically, two classes of thermal circuit
breaker are presently ecasily available to ex-
perimenters. One is the type used on most
new TV scts, consisting of a small case about
Y2 x 1 x 1% in. with a red plunger extend-
ing from one of the sides. This type is dis-
tributed nationwide by P. R. Mullory & Co.
in rating from '2 amp to 7 amps at a net
cost of approximately $1 (exact cost depends
upon rating). This breaker is rated to trip
within 10 seconds at 100% overload, putting
it into the same speed class as a medium-lag
fusc. Once tripped, it remains open until the
red plunger is pressed.

The other class of thermal circuit breaker
i1s Sylvania’s Mite-T-Breaker, which resem-
bles a NE-2 ncon lamp in appearance. The
Mite-T-Breaker comes in two varicties. One,
called “automatic reset,” opens the circuit at
100% overload and holds the circuit open
only until the breaker clement cools. It then
closes the circuit, and if the overload is stilt
present re-opens the circuit a tew scconds
later. This cycling action continues as long
as the overload is present. Automatic reset
Mite-T-Breakers are rated at I, 2, 3, or 4
amps, arc for usc on circuits up to 125
VAC, and cost approximately 30 cents cach.

The other variety of Mire-T-Breaker,
known as remote reset, is rated for usc on

Fig. 9. A more complex g r(\_

POWER SUPPLY

Fig. 8. Simple "crowbar” circuit protects parts
from excess voltage with zener dicde. If voltage
soars, zener conducts heavily and blows the fuse.

24-volt DC circuits only. This type includes
a small filament similar to a pilot lamp,
which lights when the breaker opens. The
filament Keeps the breaker open by heating
the clement. To resct the breaker, the volt-
age to the circuit is removed long enough for
the filament to cool. Remote reset Mite-T-
Breakers come in 1-, 1.5-, 2-, and 2.5-amp
ratings, and cost ¥4 more than the automatic
resct varicty.

Either the push-to-reset type or the auto-
matic-reset Mire-T-Breaker can be used to
good advantage by cxperimenters to fuse not
only their cquipment, but the main power
supply to their workbenches. A circuit (Fig.
7) is shown which includes pushbutton on-
off control of power, as well as positive
overload protection with either type of
breaker.

If the automatic-resct Mite-T-Breaker is
used, it interrupts the circuit the first time
latching relay K! drops out; with K! de-
energized, the main power leads arc broken
and all power is removed from the bench.
After the fault is cleared, pressing the “on”
pushbutton re-latches K1. Since the breaker
will have reset itself automatically by this
time, no other action is required. 1f a push-
to-reset breaker is used, both the “on” push-
button and the resct plunger must be pushed
after clearing the fault.

Crowbar Circuits. Both fuscs and circuit
breakers share the quality that a slight over-

General Electric uses one
SCR and two UJTs. The [ I
UJT ot left (Q1) senses
voltage and will trip ot |
value defermined by pot
R1. The other UJT (Q2)
detects an overload in

supply current. Pot R2 is I CIRCH”I
adjusted fo set up desired | BREAKER
value. Either UJT section l
can be omitted if only one I ]

|

i
1
crowbar circuit from F | ;

T~

24V0C

function is desired. A
experimenter's sfock. A ]
zener diode (D2) serves as =

D1 GE
V¥ IN6%2

330

GE
74X148

the reference point in the =g [E = J o

sensing circuit,

VOLTAGE

CURRENT
TRIP ADJUST
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load will be tolerated for a much longer time
than will a severe overload. Some circuits,
however, can be scvercly damaged by only
a slight overload if it persists for any appre-
ciable length of time. To protect such cir-
cuits, the spccial kind of protective device
known as a crowbar circuit was devised.

Crowbar circuits get their name from their
effect; when they detect a slight overload,
they perform the clectronic cquivalent of
dropping a crowbar across the supply lines.
The simplest of these crowbar circuits—
though it protects against too-high voltage,
rather than against a current overload—is
shown in Fig. 8.

Here, nothing happens as long as the
supply voltage remains below the voltage
rating of the zener diode. When the zener-
diode voltage rating is reached, however, the
zener becomes a virtual dead short across
the power supply. The vastly increased cur-
rent drawn under such conditions blows the
fuse much more rapidly than would the
slight increase in current simply caused by
excessive voltage, without the diode.

A more elaborate version of such a cir-
cuit is shown in Fig. 9. This onc, from
General Electric’'s SCR Manual, uses two
unijunction transistors and an SCR in addi-
tion to the zener diode, but offers precisc
control of both its overvoltage trip point and
the current at which it will open the circuit.

The overvoltage and overcurrent parts of
the circuit operate separately, cach requiring
onc UJT. The overvoltage circuit applies
a fraction of the supply voltage to the cmit-
ter of QI, through potentiometer R1. When
the voltage rises above the preset trip point,
this Q1 conducts and triggers the SCR (Q3).
The SCR then connects the circut breaker’s
sensing circuits directly across the supply
line, causing immediate circuit-breaker ac-
tion. The overcurrent circuit operates in the

c

- >
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Fig. 10. "Electronic fuse” design by Moforola will
interrupt circuif within 90 microseconds of a 10%,
overload. Resef returns circuif fo a standby sfate.

Electronic Fuse Circuits. The crowbar
circuits speed up action of conventional fuses
or circuit breakers by providing a vast in-
crease in overload current when they sense
a small overload. However, for some types
of circuits—particularly transistorized cir-
cuitry—even the crowbar can’t make a con-
ventional fuse or circuit breaker operate
rapidly enough to protect the semiconduc-
tors. For this kind of circuit protection,
fast-acting elecironic fuses have been devel-
oped.

The clectronic fuse circuit shown in Fig.
10 was designed by Motorola’s engineers to
operate indefinitely at a load of 5 amps, yet
open the circuit within 90 millionths of a
second should the current rise by 10 percent
to 5.5 amperes. Hcere’s how it works.

When the supply voltage is initially ap-
plied, current flows through R3 and turns
transistor Q1 on (both transistors act as
switches in this circuit rather than as am-
plifiers). Current drawn by the load flows
through both RI and Ql, with very little
voltage (IR) drop across cither. As long
as the voltage drop across RI is less than
0.8 volts, QI remains on and the circuit
from source to load is closed.

same manner, except that the voltage applied When load current reaches 5.5 amps,
to its UJT’s emitter is obtained
from a scnsing resistor (R3) in . 9 =

series with the load.

Fig. 11. An "electronic fuse” by General
Electric relies on a pair of SCRs and
three rectifier diodes in series. It can
also be viewed as a solid-state circuit
breaker which trips when load current
drawn from the supply exceeds 16
amperes. Reaction time to an overcurrent
condition is only 20 microseconds since
the C408 SCR units are special, rapid
turn-off types. Circuit begins fo operate
when Start is depressed, permitting load

125V0C

IN1692 (3)

currenf to flow through right SCR (Q2).

 J
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however, the drop across R1 rises to 0.88
volts, diode D! then begins to pass current
to the base of Q2 and permits Q2 to conduct.
As soon as Q2 begins to conduct, the cur-
rent through R3 (which had been going into
the base of QI and keeping QI on) is di-
verted through Q2 instcad. The action is
regenerative; the less Q1 can conduct, the
greater the drive to Q2.

As soon as the voltage at the base of Q2
rises high enough to permit diode D2 to
conduct, the circuit latches into its off con-
dition with D1, D2, and Q2 all on and Ql
off. In this state, only enough current flows
through the external circuit to keep Q2
turned on; this is mcasured in milliamperes
rather than amperes. To resct the circuit,
the reset switch turns off Q2 and QI again
conducts.

Another electronic-fuse circuit, using
SCR’s rather than transistors, is shown in
Figure 11. General Electric designed this
circuit, for use on a 125-VDC power line.
With the components specified, it can pass
up to 16 amperes; similar circuits have in-
terrupted current at 50 amperes within 20
microseconds. Considering that 50 amps at

125 volts is more than 6000 watts, and the
C40B is a typical small SCR, this is anything
but poor performance.

With this circuit, the start button is pressed
to permit power to reach the load. When the
start button is pressed, the SCR in series
with the load is turned on, and since the
power is DC the SCR remains on as long
as the load draws normal current. When
load current causes the voltage drop across
R1 to exceed 3 volts, the three scrics diodes
(D1, D2 and D3) pass current to the gate
of Q1 and cause it to turn on (the same
result 1s obtained if the stop button is
pressed).

When QI turns on, the sudden charging
of capacitor CI diverts current from Q2
and turns off Q2. Resistor R4 provides suffi-
cient current to keep QI on. As long as QI
is on, pressing the start button cannot pro-
vide current to turn on Q2 and the circuit re-
mains broken. Once tripped, the circuit can-
not be resct until power is removed from
it so that QI can turn off.

If other types of SCRs are substituted in
this circuit, the value of C1 may need to be
increased. The value shown is for tripping
at 16 amperes, with C-40B SCRs.

Someplace between the lowly fuse and the
complex clectronic fuse is the protection you
nced for any circuit. |

We’ve Got Some Case

project inside.

case.

Buy!

Koduk calls it their M2/M4 camcra case. Electronics
hobbyists call it their Find Of The Year. Who’s
right? Why both, of course. For the truth of the matter
is that this is just the case you’ve been looking for to
package your home-brew gear.
Kodak M2/M4 4 X3%2 in. overall) makes it highly adaptable to most
Camera Case projects. What's more, its good looks can’t help but
with home-brew lend a professional appearance to your work.

The case itself weighs only a few ounces, but it's
plenty rugged. (It has to be, since it was originally in-
tended to protect a camera from everyday knocks and
falls!) Another plus is that it’s rainproof, and, if need
be, it can be made water-tight. Simply apply a thin
layer of General Electric RTV silicon rubber in the
recessed groove of the aluminum extrusion rimming the

Its handy size (7% x

The M2/M4, which also comes with a shoulder strap
(not illustrated), is available from your Kodak dealer
for under $5.00. All in all, here is a case whose rugged-
ness, pleasing appearance, and low cost rate is a Best

—Edward A. Morris, WA2VLU W
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Find yourself forced
to stay within earshot

of your present equipment?
Why not go the born-free route

by wiring up extension speakers?

By Marshall Lincoln, W7DQS

ou don’t have to be a stereo fan to en-

joy the advantages of having an additional
spcaker connected to your receiver. Among
those who can benefit from the convenience
of added cars at remote locations are users
of two-way radio equipment. The additional
speakers permit you to hear all calls and yet
allow you to stray far from the equipment
at the basc station.

Let’s say youre a ham waiting for a call
from a buddy, and your wife wants you to
paint the back fence this weekend. You can
keep her happy and yet not miss your bud-
dy’s call by listcning for him on an outside
speaker while you go ahcad with the paint-
ing. Or if you're a CBer monitoring a chan-
ncl for a call from a member of your family
who’s away, you ncedn’t sit by the rig and let
the weeds grow in the garden. Turn on an
outside speaker and then grab that hoe.

If you have a commercial radio installa-
tion and arc waiting for a call from an em-
ployee who’s out in the truck, you needn’t
put ofl washing your car. Just snap on an
outside speaker and pick up the hose! Even
if you're the onc who's out driving on the
street, you can keep your ears peeled for
radio calls while you're away from the car
by installing an outside speaker under the
hood. In all these cases, you can go ahead
with other activities, yet know when it’s nec-
essary to return to the transmitter.

Strategic Spots. Some ideal locations
for installing additional speakers could be:

SeEPTEMBER-OCTOBER, 1968

the outside wall of your workshop or garage,
the back wall of your house, or, as already
mentioned, under the hood of your car. For
most installations, you'll nced weatherproof
speakers. This isn’t a problem, however,
since weatherproof units of acceptable quali-
ty are available at economy prices.

When connecting outside speakers, you
have scveral choices of wiring arrangements,
each suited to a particular operating situa-
tion. Let’s look at some typical circuits for
connecting speakers to your receiver.

Fig. 1 is the simplest and probably the
most common circuit used for adding a re-
mote speaker. Speaker 1 is the receiver’s
regular speaker, and specaker 2 is the remote
unit. Use a simple spst toggle switch to
turn the remote unit on and off.

Since closing the switch puts both speakers
in parallel, the effective load presented to the
receiver will be less, just as connecting two
resistors in parallel produces a total resis-
tance less than either resistor alone. The
lower resistance will produce a slightly lower
audio level in the spcakers, but the loss will
be almost unnoticeable.

If you want either speaker to operate with-
out the other one operating, you'll need the
circuit in Fig. 2. In this case, an spdt toggle
switch is used.

Three’s A Crowd. Fig. 3 shows how
three (or more) speakers may be connected
to a receiver. Here, a rotary switch is used
to select the desired speaker. If you want
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STRINGING SOUND

two particular speakers on at the same time,
wire them in parallel and conngct them to
one of the switch positions.

Fig. 4 shows an alternate way to connect
three spcakers so one of them is in opcration
in one switch position and two of them are
in operation in the other. In this case, two
speakers are connected in series instead of in
parallel. You could use this circuit to avoid
even the small loss of audio power that re-
sults from connecting them in parallel.

In this arrangement, specakers 2 and 3
should have voice-coil impedance of approxi-
mately half the output impedance of the re-
ceiver’s output transformer. Since most re-
ceivers have an output impedance of 8 ohms,
you would use an 8-ohm speaker for speaker
1, and 3.2-ohm speakers for units 2 and 3.
In this way, you will have almost the same
amount of audio power in each.

No Wiring Worries. Since you are deal-
ing with very low impedances there is no
need for shielded cable to feed the speakers,
no matter how far they may be from the
receiver. Ordinary lamp cord is gencrally
the handiest wire to use.

If the wire is exposed to the weather,
you’ll be better off using wire that has plastic

£
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Toggle or rotary switches can be used to hook up
remote speakers fo receiver's audio. Connecting
speakers in parallel, however, will affect output.

i it s

Alligator clip won't bite
third hand that needs it!

e2've all wanted to be jugglers, but
when you're soldering wires things
sometimes get out of hand. Solution? Take
one alligator clip, fasten it in a block of
wood, and place errant wires and com-
ponents in clip. ||

It

insulation able to withstand moisture and hot
sun, rather than rubber insulation which may
crack and cause short circuits. The wire
needn’t be heavy-duty—ordinary hookup
wire is plenty large enough to carry the small
amount of power involved—but all connec-
tions should be clean and tight to avoid inter-
mittent circuits which will cause crackly
audio. Tighten all terminal screws well and
solder all other connections.

The speakers shown are among those suit-
able for outside use in wet weather, yet
they’re cconomical in price. Both are avail-
able from Allied Radio Corp., 100 N. West-
ern Ave., Chicago, 1ll. 60680. The trumpet
model (#24B9843) works well when you
prefer the sound concentrated in one direc-
tion and sells for $7.95. The other speaker,
shown under the eave of a workshop roof
(#16B3414), costs $5.75, or two for $10.40.

So take it from there. The cxpense isn’t
great, but the convenience will obviously be
considerable. "

Trumpet speaker mounts under hood in forward posi-
tion. But toggle switch under dash will cut it out fast
so passersby won't worry about your talking engine!
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Spark Cot

The old Model T spark coil lives again in this jiffy
spark blaster that’ll make your electronics lab boom

By Erik Horneman

few decades ago, a kid felt like a sec-
Aond Edison when he first hooked up a
dry cell to a Model T spark coil to find out
what would happen. Chances are that these
first experiments led to a finger-tingling ex-
perience. At least mine did.

The young experimenters of today, how-
ever, are far more sophisticated in their elcc-
tronic know-how. They are more likely to
concentrate on such high-voltage generators
as the Tesla coil, eschewing the simple spark
coil as a poor cousin lacking in sufficient
high-potential pizazz.

Another reason why the spark coil tends
to be bypassed is that those little wooden
boxes—the Model T coils—just aren’t lying
around for the taking as they once were.
They now must be ordered through auto
supply dealers or from science supply houses.

This neglect of the spark coil is unfor-
tunate. The spark coil's scientific applica-
tions are virtually endless, and many experi-

SeEpTEMBER-OCTOBER, 1968

ments that can be performed with it are ex-
cellent show pieces for electronics demon-
strations. For the novice electronics enthusi-
ast, the spark coil provides a most interesting
and illuminating first step into high-voltage
experimentation.

Though Model T coils aren’t as plentiful
as they once were, an equally good and in-
expensive spark coil is only as far away as
your nearest auto junkyard and local radjo
supply house. The first will provide an igni-
tion coil and condenser, the second, a suit-
able vibrator.

A few other components, including a large

cigar box, will round out the makings of a
very efficient induction coil. The unit de-
scribed here features safety high-voltage ter-
minals having two advantages: they reduce
the chances of unpleasant shocks and permit
speedy changes from one experimental setup
to another.

Taking Stock. If you buy a new ignition
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CIGAR BOX SPARK COIL

coil and condenser from an auto supply
dealer, the spark coil may run about ten
dollars. But an undamaged, used coil will
cost less than half this figure. The ignition
coil is the highest-priced item, so check your
local auto junkyard first. You should be able
to obtain a usable coil for a pittance. And
if you shop for a new coil, remember a little
comparison. shopping may pay off hand-
somely.

Before buying any coil, decide whether
you want a 6- or 12-V job. This will depend
on the DC power source available to you. If
you plan to use dry cells—for very limited
experimentation—stick to the 6-V model.
Even this pulls about half an ampere, so the
dry cells won’t last very long. A battery
eliminator is probably the best answer.

Another thing worthy of note: older cars
may have coils with only one binding post on
the top (in addition to the special high-
voltage terminal). Here, the coil case serves
as a second primary terminal. For a more
convenient assembly, look for a coil having
two binding posts, as shown.

And if you pull your ignition coil from an
old car, remember to also pull the matching
condenser and its mounting bracket off the
distributor. A new condenser should cost
about 75¢.

Radio vibrators differ, so take care to pick
the right type. Your electronics stipply house
can probably suggest the best model for your

Model T spark coils are getting
scarce, though they were once a
lot of fun for experimenters. Photo
shows an improved version which
has  wire-holding terminals like
those described in text. Coiled
wire on right side of unit is one
primary lead, while other primary
connects to terminal at left side
indicated by the arrow. Looking for
one of these sparkers might be
an extremely rewarding enferprise.

needs. The vibrator shown is a Cornell-
Dubilier type C-1 rated at 6-V, 115 Hz, with
an A-l type base. The base diagram of this
particular vibrator is shown. If you buy a
different vibrator, be sure to obtain the ap-
plicable base diagram from the dealer so that
you can figure out what terminals to use.
Note that only two of the four terminals
are actually used.

Tricky Terminals. Two 1Y% -in. long tip
jacks are used for high-voltage terminals.
This jack is just long enough to reach the
contact point inside the ignition coil’s high-
voltage terminal (i.e., the projecting plastic
sleeve on top). By bending the lug on the
jack sideways, it makes good contact with
the inside terminal.

A length of rubber tubing (or electrician’
plastic tape) can be placed around its thread-
ed shank ‘to thicken it cnough to make a
tight fit inside the sleeve. The coil shown is
a Holley 33-1 (86D-38750, 6-V model).
Other coils may have terminal sleeves of dif-
ferent sizes and may require substitution of
different jacks. The second tip jack is
mounted on top of the cigar box, about 3 in.
from the coil jack.

If about 3 in. of insulation is stripped
from the end of #12 wirc (used in house
wiring), the wire can be thrust into the tip
Jack to make a firm, wobble-free contact,
while still allowing instant removal when
desired. This plug-in convenience and the
stiffness of the wire make it very easy to
form all sorts of electrodes and leads,

When shopping for the jacks, take the ig-
nition coil along to check the jack length in

s
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relation to the high-voltage terminal. Also
take along a bit of #12 wire to make sure it
will fit firmly. Note that this plug-in feature
provides relatively safe insulation from the
high-valtage terminals as compared to the
usual eXposed metal terminals on traditional
spark coils such as the Model T.

No-Touch Connections. Only short
lengths of #12 wire are required, so you
can probably get the scrap wire from a local
clectrician. Primary leads should be of or-
dinary lamp (zip) cord, and solder lugs

Typical high-voltage terminal of ignition coil is
shown above. Tip jack fits into plastic sleeve on
top and reaches down to make contact with

inside terminal. Jack should be about 1Y4 in. long,
with its lug bent slightly to form a good contact.
1t will fit snugly into sleeve if rubber tubing

or plastic tape is placed around threaded shank.
Take coil and #12 wire along while buying jacks.

SePTEMBER-OCTOBER, 1968

Cigar box meosuring 22 x 5 x
9.in. houses ignition coil, vibrator,
and condenser. By mounting push-
button doorbell switch on inside of
cover, it can be operoted with one
hond without any donger of sliding
or slippoge. Baottery cord and
switch fit nicely info extra spoce
inside box during storage. Use
quick-drying enamel spray paint

to decorate finished unit.

should be used on wires connected to the
coil’s binding posts to prevent loosening and
sparking.

An ordinary doorbell pushbutton is used
as the switch. Note that the switch is lo-
cated on the inside of the cigar box cover,
and that the cover must be open when the
coil is in use. This arrangement allows good
one-hand switch operation (the unit won't
stide or require bracing). It also permits
storage of the switch and line cord inside
the box when the coil is not in use. The
switch must rnot be placed on the top of
the unit near the high-voltage terminals.

Circuit operation is simple. The vibrator
chops up low-voltage DC so that pulsating
AC current in primary winding of coil is
stepped up by the secondary winding to a
voltage high enough to jump the air gap.
The vibrator’s contacts interrupt battery
current (like a high-speed switch) at a rate
of approximately 250 Hz.

These sharp pulses of current induce
about 25,000 volts in coil’s secondary. The
condenser serves as a buffer capacitor. It
helps induce a higher voltage in the secon-
dary and prevents sparking at vibrator
contacts.

A cigar box measuring 22 x 5 X 9 in.
should hold all components nicely. Place
the switch on the inside of the cover and
fasten it with flat-headed bolts or rivets. If
solid rather than split rivets are used, slip
short lengths of spaghetti on the ends of the
rivets to hold the switch in place.

On the top of the box, cut a %-in. hole
about 2 in. from one end of the box for the
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coil terminal. Also, drill a Y4-in, hole the
same distance from the other end for the
second tip jack.

Coil and Vibrator. The binding posts on
the ignition coil are marked BAT and DIST.
Attach a short length of # 12 insulated wire
to the coil’s battery terminal and connect it
to the second tip jack. A long length of zip
cord then gocs to the positive terminal of
the battery.

to fit onto the reed contact (pin 1) of the
vibrator. Slip a %-in. length of spaghetti
on to the pin, add the bracket, and hold it
in place with a second piece of spaghetti,
Zip cord soldered to the condenser brack-
et goes to one side of the switch. A longer
lead then goes from the switch to the nega-
tive terminal of the battery. To prevent
shorts, place spaghetti on the two unused
pins of the vibrator. The ignition coil should
fit snugly inside the cigar box without the
need of special supports. If necessary, how-
ever, a metal strap wrapped around the base
of the vibrator and bolted to the rear wall

Electrodes made from #12 insu-
lated wire feature plug-in conven-
ience for easy removal. Modified
high-voltage terminals on top of
box will accept electrodes of vari-
ous shapes fo accommodate differ-
enf experiments. For extensive ex-
perimentation, battery eliminator is
preferable to dry cells due o
large current drain. Photo shows an
EICO 1064S battery charger/elim-
inator hooked up to spark coil.

The wire lead on the condenser is attached
to the coil’s distributor terminal. Before you
attach it, solder a short length of zip cord
to the condenser wire lug. This lead will go
to the vibrator’s pull interrupter pin (pin 2).
The zip cord leading to pin 2 from the DIST
terminal can be soldered to the pin. Alter-
natively, a small solder lug at the end of the
wire can be slipped on the pin and held in
place with a bit of spaghetti.

The condenser’s mounting bracket has a
small hole that can be enlarged just enough

i i L it L i

of the box will serve to hold this component
in place.

Plenty of Power. The spark coil can be
operated with any available 6-V DC power
source. Lantern batteries will work, but they
won’t last long because of the high current
consumption. A rechargeable storage bat-
tery is better, and best of all is some sort
of battery eliminator. Another source of
current is an old auto generator run by
means of an electric motor.

Warning. Keep away from the high-volt-

BILL OF MATERIALS

1—Auto ignition coil and matching condenser
(see text)

1—Radio vibrator (see text)

1—Pushbutton (normally open) doorbell switch

1—6- or 12-V power source (see text)

2—1 Y, =in. tip jacks (H. H. Smith #206, Allied
47E3940, or equiv.}

Misc.—# 12 insulated wire, spaghetti and rub-
ber tubing, zip cord, 24, x 5 x 9-in. cigar
box, metal strap for vibrator (optional),
rivets, solder lugs, hardware, solder, etc.

Base diagram for Cornell-Dubilier C-1 vibrator. When
purchasing vibrator, don't forget to obtain diagram.

HIGH VOLTAGE -

VIBRA.TOR TERMINAL
CONDENSER | S:‘:EK
T iy
: : IGNITION COIL
._L-. i nl, | l ! [T
~ SWITCH LIS,

6 OR 12V SOURCE
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age terminals and any attached equipment
when the coil is in operation. Ig¢nition coils
generate about 25,000 V—enough to pro-
duce nasty shocks which could be fatal to
some people. Much higher voltages can be
taken safcly from such generators as a Van
de Graaff static generator or a high-frequen-
cy Tesla coil, since they produce less current.

An excellent reason for using the normally
open doorbell switch is that it makes contact
only when pressed. You can avoid acciden-
tal shocks! Do not substitute an ordinary
on/off switch that can be left on uninten-
tionally. The coil can zap you cven if it
isn’t producing a visible spark.

Also remember that the spark gencrates
RF signals that could interfere with radio
and TV reception. Use the coil only for
brief periods of time, and during hours when
you are not likely to annoy your neighbors.
Finally, don’t allow the high-voltage elec-
trodes to touch each other. If the spark gap

I T “conmacts | e | l
1 e—afns!

1 | CONDENSER | SPARK 4%
1 ~ J } T e S Wi
| ELectro | | REED!

|MAGNET | 77!

I i 7 BAT

+
SHITCH vl 6 OR 12V SOURCE

Spark coil operation is simple and should be familiar
fo all car buffs. Vibrator confacts open and close
at high rate, thereby inferrupting DC current going
to coil's primary. These alternating pulses of current
induce about 25,000 volfs in secondary winding.

SEPTEMBER-OCTOBER, 1968

Components are all wired and
ready for installation in cigar

box. Condenser mounting bracket
is held on reed-contact terminal of
vibrator with piece of spaghefti.

A sheet metal strap can also be
used fo stabilize vibrator. Nofe
that one large and one small pin
of vibrator are not used; spaghetfi
should be placed on these termi-
nals to keep them from shorting.
Starting clockwise with terminal
holding condenser bracket, vibra-
tor's pins are called: 1) reed pin,
2) pull-interrupter pin, and 3)
inertia interrupted pin. Last is
one of two not used.

is shorted, the coil’s secondary winding may
be damaged irreparably.

Experiments. A spark coil is highly in-
structive and entertaining and deserves a
place in any amateur electronics lab. Classic
experiments—such as Jacob’s Ladder—are
described in many books covering experi-
mental electronics. These are generally easy
10 find in school and public libraries. Physics
textbooks also provide additional ideas for
experimentation,

You will surely discover many fascinating
experiments just by playing around with the
coil for a few hours. For example, in the
course of testing the spark coil, I found a
way to make crackling lightning bolts several
inches long. Just watch your friends react
when you pull off this trick. L]

Since coil's primary has 200-300 tfurns of wire and
secondary is made of about 21,000 furns, enough
voltage is produced #o throw a half-inch spark ot
atmospheric pressure. Spark can be made longer by
increasing voltage or reducing air pressure at gap.
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PAINTING

PRO TECHNIQUE LETS YOU
SNAP PERFECT PIX OF
YOUR FAVORITE PROJECTS

The intricate jungle of wires, transistors
and tubes contained in a radio or TV
chassis creates numerous problems for the
amateur photographer. No matter how many
lights are used to illuminate deep shadow
areas, the result is often a confused jumble
of strong highlights and dark shadows that
hide important construction details.

Professional photographers have as many
methods of lighting a still-life subject as there
are ways of laying out a ham’s dream shack.
Since maximum detail is of paramount im-
portance, it follows that the photographer
must choose a method which will result in
soft, shadowless lighting and an abundance
of fine detail in all areas.

Onc of the oldest tricks of commercial
photographers is their unique way of light-
ing an inanimate subject with a single light.
Rarely do you see an amateur use this tech-
nique, yet it is the simplest and most effec-
tive way of obtaining a soft, even light. In
photographic jargon it’s known as painting
with light.

Briefly, it is the taking of a photograph by
using one constantly moving light during a
prolonged time exposure. As you know, each
light beamed on a subject will cause a sha-
dow. "If two lights are used, one on each
side of the camera, there will be two op-
posing shadows. Now it’s true that each
light will soften the shadow cast by the
other, but each light also casts its own
shadow. The addition of more lights is apt

Closeup of portable TV chassis (af fop) shows

heavy shadows and loss of detail in dark areas. These
are typical problems encountered when artificial
light is stationary during exposure. Second closeup
{bottom photo) shows difference when Painting
With Light technique is used. Light moves constantly.

to result in more confusing and conflicting
shadows. With an intricate subject such as
a TV chassis, this can be disastrous.

A Steady Hand. The equipment needed
to paint with light is simple. In addition to
the camera, all that's required is a sturdy
tripod and a single light reflector on an ample
extension cord. Of course, you must be able
to keep your camera shutter open for an in-
definite period. Actually, a shutter isn’t real-
ly necessary for this kind of exposure.
(Time exposures can be made simply by rc-
moving and replacing a lens cap over a lens.)

Theoretically, if your light is constantly
moving during the entire exposure, there will
be no sharp shadows visible on the film. In
actual practice, however, a few soft shadows
will usually remain because it’s almost impos-
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sible for the photographer to continue mov-
ing the light without retracing his path oc-
casionally. If the light is moved over the
same pattern again and again, a rough
shadow edge will begin to build up, thereby
defeating your primary purpose—elimina-
tion of shadows.

Because of the required careful manipula-
tion of the light during exposure, the photog-
rapher should allow himself ample exposure
time. Accordingly, cut down the brightness
of your light bulb until you arrive at an ex-
posure that allows you plenty of time to move
your light about without having to hurry.

In the photos shown, a single 60-wa&

wWwIi'rT

By Clarence Massey

bulb was used in the reflector in place of a
500-watt photoflood normally used for most
amateur photography. By using a small bulb
and tiny diaphragm stop, the exposure was
long enough (about 60 seconds) to permit
moving the light up and down, sideways, and
around to the opposite side of the subject
while the lens was still open.

Mindful Meter. As with all photography,
the determination of proper exposure is im-
portant. The shutter bug who has decided
to paint his subject with a light should place
it on a stand in a position which gives the
subject normal three-quarter lighting. Then
he can take a meter reading of the subject
that will give the basic exposure. (A basic
exposure is simply a starting point for further
calculations.)

In a conventional cxposure the light re-
mains stationary and the film takes the full
brilliance of the light during the entire ex-
posure time. Not so when you are painting
with light! Because the light is moving dur-
ing the entire exposure, its brilliance is evenly
distributed and its effect on a single area is
reduced.

Therefore, you must allow additional ex-
posure time beyond what you would normal-
ly use if your light remained stationary on a
Tight stand—often, half again as much as the
meter indicates. However, this is still based
on only one side of the subject! You must
move your reflector to the side opposite the
camera and continue painting with light.
Since this doubles your exposure time, it’s
easy to build up quite a long exposure.

For example, you might start out with a

SePTEMBER-OCTOBER, 1968

Closeup of TV tuner shows extremely poor detail in
dark areas. Note difference (below) when Painting
With Light illuminates unit from four positions.
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meter reading calling for a one-second ex-
posure at £/32. This is your basic exposure.
But since most detailed photographs require
a closeup, you will aiso have to allow an
additional factor to compensate for a long
bellows extension. For the purpose of dem-
onstration and to make our calculations sim-
ple, let’s suppose you are making a one-to-
one shot. That is, the image on the film will
be the same size as the subject. This would
require an increased exposure factor of four,
so your basic exposure of one second in-
creases to four seconds. (If you were to

light and a long time exposure. He must be
aware that any movement of the camera dur-
ing the exposure will ruin the photograph.
He must also be cognizant of a floor that
vibrates as you walk over it or of a building
that shakes a bit when a large truck rumbles
down the street. Either event can cause the
camera to vibrate.

Be especially careful to tread softly when
you move from one side of the camera to the
other while the shutter is open. If you
choose to close the shutter while you walk
to the other side of the camera do so very
carefully, for any movement of the lens be-
tween your two exposures will result in a
double image.

Plan your Pan. Here's another pitfall

P

)

At left, closeup of electronic components was mode using stationary light; note shadows under protruding
wires. Painting With Light technique, of right, produced soft, clearly delineated image.

make your image only half the original, the
bellows extension factor would be two, etc.)

Getting in Close. Since you will want
extreme depth of field, you’ll have to use a
lens opening of f/45 or even f/64. Suppose
you decide on f/45. This requires double the
cxposure needed at f/32 so you now have an
cight-second exposure. Because you are go-
ing to be moving the light, you add a factor
of 50 percent and your exposure totals 12
seconds for each side of the subject. This
means that you’ll be exposing for 24 seconds
in all—ample time for a careful and con-
linuous movement of your single light.

There may be times when you'll feel that
you need additional light overhead, or a
little backlight on the subject, or even some
additional light on the background. With all
these extras, it’s not uncommon to have your
exposures run up to a minute or more, even
with today’s high-speed films.

Of course, there are some pitfalls for the
unwary photographer when using a moving

for the unwary. Be sure to keep the light
of your reflector from shining into the lens
while you are moving it around the subject.
Plan your movements carefully befpre you
open the shutter. It’s a good idea to dim the
room lights before you start your long expo-
sure. If you have subdued the general room
illumination, you can simply turn off your
light when you change positions. This way
you avoid touching the camera shutter until
the exposure is completed.

Moving the light requires no special skill
except that you should avoid making the
same movements. Remember that if you
pause for just a few seconds, a shadow edge
will begin to build up. When changing direc-
tions, the light shouldn't stop at any one

One last tip might be helpful. When using
the painting with light technique, the entire
effect is soft and sometimes it’s necessary
1o develop films a bit longer to gain increased
contrast. This will compensate for any loss
brought on by the elimination of shadows. B
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Today, programmed figures . . . tomorrow?

Would you believe the machine pictured
above is sharp enough to pattern the
teeny-weeney bikini on Peggy Edwards?
She’s a model for Catalina, Inc. The “en-
gineer” for hers and the suits hanging be-
hind her is CalComp’s automated pattern
grading system. Catalina utilized the sys-
tem in their Los Angeles plant to grade their
fall line.

Original patterns are automatically traced
and digitized for computer processing. A
special computer program goes to work on
the digitized forms and produces a magnetic
tape which is played back on a plotting ma-
chine, The plotting system draws a series of
similar but different-sized patterns to fit all
sizes and shapes (Peggy’s being the “mean”
shape).

The reason for the automated system is to
reduce to a practical minimum the man-
hours and to enhance the precision required
to make a family of graded patterns resem-
bling the original design. Besides increasing
grading quality and garment fit, seam lengths
can be accurately computed and controlled
to minimize production problems. Also,
knowledge of exact seam length increases
the accuracy of trim buying and of esti-
mating standard labor costs.

SEPTEMBER-OCTOBER, 1968

In the apparel industry, creating, correct-
ing, and grading an original pattern to pro-
vide production patterns in a complete run
of sizes is an expensive and time-consuming
process. Poor grading can create production
problems, and can cause an adverse effect
on brand loyalty. When the work load
reaches a peak, usually when styles are
changed, the grading process can Cause a
serious bottleneck in production start-up.
This time loss between creation of a style
and the availability of production patterns
can result in a significant loss of income.

As in any computer system, both “hard-
ware” and “software” are needed. The “hard-
ware” consists of a curve tracer, a plotter,
and associated electronics. The “software”
includes a computer program, grading
sheets, and related procedures. The use of
this plotting equipment can be extended to
include the preparation of graphical manage-
ment reports as part of an over-all produc-
tion management system and to prepare
financial analysis charts, as well as displays
related to critical-path-method scheduling
and many other scientific and managcment
documents.

The operator places the original pattern
on the Curve Tracer, inserts an identifying
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Original sample-sized pattern is circumscribed in the Curve Tracer. The resulting tracing data is
magnetically recorded on the Tracer Tape. Grading information and program
combined with the tracing data in the Computer to produce the Grade Tape. The Plotting System
gefs its instruction from the Grade Tape and automatically draws the desired-size pattern.
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GRADED PATTERN

instructions are

number, and presses a start button (see dia-
gram). Within a few seconds the Curve
Tracer automatically locates the edge of the
pattern and follows it at an average speed
of 30 inches per minute. An entire bathing
suit can be traced in about 10 minutes.
The data gathered by the Curve Tracer is
magnetically recorded and identified as the
Tracer Tape. Grading information is placed
on a deck of punch cards. The Grading
Deck, Tracer Tape, and a Program Tape
are fed into the Computer. The Computer

combines all of this information in proper
form and produces a reel of Grade Tape.
The Grade Tape is then fed into the Plotting
System which turns out a set of graded pro-
duction patterns.

Logically extending this computer, Cal-
Comp and Catalina are working together on
computer programs and equipment to auto-
matically mark the cloth.

We're sure you'll appreciate the machine's
prowess on whatever beach you do your girl-
watching from.
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Facts and photos courtesy National Research Council of Canada
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Jump.
then
run for
your

| LIFE!

har she blowsl—Timberrr!—The Rus-
Tsians are coming! Ever since man began
warning his buddies of imminent danger,
he’s been using his trusty but short-range
vocal cords. That may have been alright in
earlier days (“Don’t move, there’s a saber-
tooth tiger behind you”), but it’s hardly ade-
quate for the space age. And that’s what
troubled officials at Canada’s Glacier Na-
tional Park. Lung power couldn’t commu-
nicate one ominous threat of the park’s
rugged mountains: “Avalanche!”

This danger had tragic consequences back
in 1965. An avalanche had piled over a
section of the Trans-Canada Highway in
British Columbia. As road crews attempted
to remove the snow, a second avalanche
thundered down the mountainside. It buried
snow-clearing vehicles, killing two men.
There simply wasn’t enough time for the
men to jump, then run for their lives.

Enter NRC. Park officials turned to the
National Research Council of Canada for
help. Maybe the Council’s radio engineering
division could offer an electronic answer.
Somehow, electronics might provide speedy
warning of an impending avalanche. After
studying the problem, engineers came up
with the answer shown in the photos. It's
a novel mix of several elements: the watch-
ful eye of an “avalanche observer,” a Citi-
zens Band handie-talkie, and a bell-trigger-
ing system. Here’s how it works.

Itd been known that three minutes, at
most, elapse between the time the avalanche
releases and when it strikes the highway be-
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Avalanche warning system is in cab of snow removal
vehicle. It picks up signal from observer with
handie-talkie and sounds alarm bell. Crew scrambles,

low. That’s all the time there is for road
crews to scramble out of their “cats” and
sprint from under the wall of tumbling snow.
But how does the crew know just when the
avalanche starts?

This one is solved by the avalanche ob-
server. He stands back to sce the bigger
picture. Stationed up to a mile away from
the crew, the observer scans the mountain-
side to check for suspicious trigger arcas that
could turn into an avalanche at any moment.

Laer b

At first sign of trouble, he presses a button
on a hand-held unit.

Beep Warning. That unit is a portable
CB transceiver of the 5-watt variety. The
enginecrs, though, added a modification of
their own to fit it for the alarm function.
They constructed two tuning-fork oscillators
and added them to the CB transmitter sec-
tion. The oscillators produce accurate audio
tones, used to modulate the transmitter.
Thus, it’s a pair of tones, not a voice warn-
ing, that goes out over the air when the
button is pressed.

The signal is picked up in the cab of the
snow-clearing vehicle. There, another modi-
ficd CB unit processes the received tone sig-
nal to operate an alarm bell. It's heard by
the road crew. Whenever that bell sounds,
they immediately abandon the area and
run for their lives. The margin of safety,
however, is significantly increased, thanks to
the early warning triggered by the observer.

After the system was initially installed in
the summer of 1967, two vehicles were
equipped with the alarm device for full-scale
trials throughout the following winter. Six
trained avalanche observers served as spot-
ters. (Mike Pittaway, one of the six, is
shown in our lead photo on duty in Glacier
National Park.)

Why CB? Engineers picked it because
CB equipment is economical to maintain
and available off-the-shelf, It ecliminated
lengthy development time in the lab and re-
quired only minor modification. N

—D. T. Monson

Vehicle is clearing snow caused by avalanche on Trans-Canada Highway. Snow slides like this have taken
the lives of men during snow-removal operation. But thanks fo new alarm system, warning time is extended.
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WHAT YOU WILL LEARN. Man has learned how to improve the
usefulness of AC voltage by converting it to higher and lower values.
In this chapter you will learn how a transformer can accomplish
this. When you have finished, you will be able to explain what
transformers are, how they are used, and how they are connected
into circuits.

WHAT IS A TRANSFORMER?

A transformer is an electrical device which converts AC voltages from one
value to another. Transformers are made in a number of varieties and sizes.
Large transformers are used to furnish 117 volts AC for homes. The voltage
at the generating plant may be several thousand volts, which is reduced to the
117-volt level by a series of transformers along the power line leading to the
user. The final step-down in voltage is usually accomplished by a transformer
on a utility pole near the user’s home.

There are also transformers in most homes. Door bells or chimes usually
operate on 12 or 16 volts AC. A transformer changes the house voltage of 117
volts to the bell-ringing voltage. Most radios, television receivers, record
players, stereo systems, etc., contain one or more transformers. Some of these
convert the 117 volts to lower or higher voltages to operate the sets; other
transformers are used as connecting links between circuits.

Transformers contain coils of insulated wire wound on an iron frame.
As we are about to learn, AC flowing through a coil develops a magnetic field
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that expands and contracts in step with changes in the current. The magnelic
field of one coil induces current to flow in the other coil by cutting through

the turns of wire.

HOW DO TRANSFORMERS WORK?

Transformer Windings
The basic transformer is constr

core (iron frame). The coils are called windings. The input side is the primary

winding, and the output side, the

CONSTRUCTION

IRON FRAME

\~§‘u
(CORE) I

PRIMARY WINDING {

SCHEMATIC SYMBOL

e s # I

O

—

A Bell Transformer

=_S WINDING
- '-13:‘\ 1

n)"‘%}/

174G l ~©
PRI SEC 16VAC
NPUT : ——0

Basic Course WW\(MNU\M_ O

ucted with two coils wound around a single

secondary winding.

\

SECONDARY

O

CONNECTIONS

=

SN
IRON CORE

QuTPUT

J

The Primary Winding. The primary winding is the input to the transformer.

It receives AC voltage and current from a source. The primary of the bell
transformer, for example, is connected lo a 117-volt line.

The Secondary Winding. The secondary winding is the output from the
transformer. Its voltage value is normally different from that in the primary,
In the bell transformer, the 117 volts applied
16-volt AC output in the secondary.

to the primary is converted to a

Fundamental Principle
The transfer of energy that takes place between the coils of a transformer

is called transformer action. Transformer action is based on the fundamental
electrical principle of a moving magnetic field being able to induce current
in a conductor.

There are two facts regarding the relationship of current and a magnetic
field:

1. A4 current flowing in a conductor develops a magnetic field about the
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conductor. As shown in our illustration, the direction of the lines of
force in the field depends on the direction of the current flow. In part
A, the lines of force are counterclockwise: —in part B, clockwise.
2. Magnetic lines of force cutting through a conductor cause current
to flow in that conductor. The field must be moving. In a single

(—————' Current Flow Causes a Magnetic Field ———j

conductor, the current is very small. If the conductor is formed into
a coil, many turns will be cut by the moving field. thus developing a
larger current. An example is shown below.

(-—-—-—-A Moving Magnetic Field Causes Current Flow —-ﬂ

— _—
TNDUCED
1 )
8 CURRENT
X 7 \‘ -
L%
N7 Z /SECONDARY COTL

PRIMARY COIL

\ | W,

Q1. Magnetic lines must be (moving, stationary) to induce
current in a conductor.

I Your Answer Should Be: ]
| Al. Magnetic lines must be moving 1o induce carrent in a conductor. J

Transformer Action
The requirements for induced current are that magnetic lines of force must

cut through a conductor and the magnetic field mus be moving (expanding
outward or contracting inward).

DC Current. Direct current. as you know, maintains a steady level and al-
ways flows in the same direction. Does DC induce current to flow in another
conductor? It produces a magnetic field whose strength {number of force
lines) is proportional to the number of amperes Howing. But the magnetic
field remains steady, neither expanding nor contracting. Therefore, DC does
not induce current in another conductor.

AC Current. Does alternating current induce electrons to flow in another
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conductor? Yes, hecause AC is constantly increasing and decreasing in value.
The magnetic lines of force generated by the AC increase and decrease corre-
spondingly. The magnetic field expands outward and contracts inward as
the value of current changes. This means that the magnetic lines of force
change direction as the current changes from the positive half cycle to the
negative half cycle.

An AC Magnetic Field Is Constantly
é Expanding and Contracting ik

_ CURRENT DECREASES-
FIELD CONTRACTS

CURRENT INCREASES-
FIELD EXPANDS ™

FORCE LINES REMAIN
IN SAME DIRECTION

+
0
CURRENT CHANGES e
OIRECTION-LINES OF CURRENT DECREASES-
FORCE CHANGE DIRECTION FIELD CONTRACTS

CURRENT INCREASES -
FIELD EXPANDS

N J

Our diagram demonstrates how the magnetic field expands and contracts
with the rise and fall of current. The field is in constant motion. An alter-
nating curvent, therefore, induces current to flow in another conductor or coil.
In this case, the induced current will also be alternating.

Energy Transfer. An applied AC voltage causes current to flow in the
primary winding of a iransformer. This causes a changing magnetic field
which induces a current to flow in the secondary. The induced current will

r , Transformer Action N
DIRECTION OF MAGNETIC FORCE
+11V o -0
[\ L
U
e -16V
<= — +BY
0 i} ” N
11V w ©
/
OIRECTION OF MAGNETIC FORCE 4‘)
\__
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develop an AC voltage across the secondary winding. Therefore, it is the
nature of the voltage and current in the primary to transfer energy to the
secondary in the form of a voltage and current. Transformer action for one
full cycle of AC voltage is shown in the illustration at the bottom of the op-
posite page. Note that a 180-deg. phase shift occurs.
(2. AC current develops a changing - - - —-=—=—-—-—-——-- .
Q3. A changing magnetic field develops a(an)
—————————————————— in a conductor.

Q4. To induce current, a field must — - - — through a conductor.
Q5. = - but not —— induces current in a conductor.

Your Answers Should Be:

A2. AC current develops a changing magnetic field.

| A3. A changing magnetic field develops an alternating current in a
conductor.

A4. To induce current, a field must move (or cut) through a con-
ductor.

A5. AC but not DC induces current in a conductor.

TRANSFORMER CHARACTERISTICS

Now that you understand the fundamental principles of the transfer of
energy (vollage and current) from primary to secondary, you are ready to
learn how transformers are rated.

Basic Transformer Circuit
Below is a schematic diagram of a basic transformer circuit. This circuit

r— A Basic Transformer Circuit == : , W

49\.* £ ) |I-3—?\__—_o
|§ i
P

—

;'_——_——_— 1IVAC VAC

117VAC

4

4\ - - 11 . —a

L FUSE BELL TRANSFORMER

demonstrates the principles and characteristics of nearly all transformers.

If you decide to build the circuit, a bell transformer can be purchased in
most hardware stores. The circuit contains a fuse (note the symbol) to protect
the transformer. If the secondary of the transformer should accidentally have
a short placed across it, the short circuit will be reflected back into the primary,

causing the primary current to increase lo a large value. If this happens, the
fuse will blow instead of the transformer windings burning out.

The lines between the primary and secondary windings indicate an iron core
which provides an easier path for the magnetic field through the coils.

Voltage Ratio
One of the specifications for rating transformers is stated in terms of a
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voltage ratio. This ratio is a comparison of primary voltage to secondary
voltage, and is written as:
primary voltage

Voltage ratio = ————— —__©7
secondary voltage

Remember, the primary voltage is on the input side of the transformer and
secondary voltage is on the oulpul side.

Step-Down Transformer. A siep-down transformer is one having an input

(primary) voltage larger than ils output (secondary) voliage. The bell trans-
former is an example of a step-down transformer. Its voltage ratio is 117 to
16. Tt can be writlen as 117/16 or 117:16.
_ Step-Up Transformer. The input vollage of a step-up transformer is smaller
than its output voltage. The transformer sleps up the primary voltage to a
higher value in the secondary. The distinction between step-up and step-down
transformers is one of use only. As the following diagram shows, the same
transformer can Le used for either purpose.

Step-Down and Step-Up Connections

17VAC -~ * o __J_

STEP-DOWN STEP-UP

Q6. What is the voltage ratio of the step-up transformer in the
diagram?

Q7. A(an) ———— ——_ _jn a transformer helps direct the
magnetic field through the coils.

Q8. For a given magnetic field, (more, less ) eurrent is induced
in a straight wire than if it were wound into a coil.

Q9. A DC current does not induce current in a coil because its
magnelic field is (moving, stationary ).

Q10. Induced current flows in the (primary, secondary).

Your Answers Shonld Be: |

A6. The voltage ratio of the step-up iransformer is 16/117 (or
16:117).

A7. An iron core in a transformer helps direct the magnetic field l
through the coils. |

A8. For a given magnetic field, less current is induced in a siraight (
wire than if wound into a coil.

A9. A DC current does not induce current in a coil because ils |
magnetic field is stationary. i

Al0. Induced current flows in the secondary. ;
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Turns Ratio

Since transformers must have a variety of different voltage ratios, what is
there about transformer action that permits this to occur? Look at Answer 8
just given, then answer the question. If one coil turn (loop) will induce a
certain voltage, two turns will develop twice as much, and 100 turns 100 times
as much.

Therefore, the vollage ratio between the primary and secondary windings
depends on the turns ratio between the two windings. The diagram below
shows an example.

Parts A and B both have 1000 primary turns each. (This is an example
only—a transformer might have many more.) The secondary winding of the

o Voltage Ratio Is Proportional to Turns Ratio —————j

e 0 o -0
1000 TURNS 100 TURNS 1000 TURNS %“ 500 TURNS
z — e © —_—
A 10VOLTS/ 1vOLT B 10VOLTS/ 5VOLTS
- J

transformer in Part A has 100 turns. The turns ratio is therefore 1000/100, or
10/1. H ten volts were placed across the primary, the turns ratio would
produce 1 volt in the secondary. If 20 volts were applied to the primary (pro-
viding the wire could handle the increased current), the output would be 2
volts, elc.

In Part B, a turns ratio of 1000/500 (or 2/1) permits a voltage ratio of
10/5. If the primary voltage were reduced to 5 volts, there would be 2.5 volts
on the secondary.

If current is doubled in the primary, the magnetic field strength will also
double. Twice as many lines of force will cut the secondary and induce twice
as much current. Secondary voltage will also be doubled.

But would the proportions of the voltage ratio be changed? No. To double
the primary current, the primary voltage must be doubled. The voltage ratio
would be increased in number but remain the same in proportion.

The reason vollage ratios are given in voltage figures instead of reduced
fractions is to advise the user what the correct input should be. Wire size of
the windings is selected for the amount of current that will flow at that voltage.
I voltage is increased beyond the rated figure, the increased current may burn
the winding.

While the voltage ratio is usually given in voltage figures, the turns ratio is
reduced to its lowest terms. For example, a turns ratio of 25,000/10,000
would be expressed as 5/2.

The diagram on the next page shows a power transformer similar to those
used in some radio receivers. It has three secondary windings—SEC 1, SEC 2
and SEC 3. Disregard the center tap on SEC 1.

Q11. The voltage ratio of the primary to SEC 1l is ~ — — = ~~ =,

Q12. The turns ratio of the primary to SEC 3 is —~——.
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Q13. The transformer (does, does not) have an iron core.

Q14. The symbol designated by F1 is a(an) — — — —,

Q15. Would SEC 1 increase to 1400 volis if the primary were
connected to a 230-volt source?

Your Answers Should Be:

A1l The voltage ratio of the primary to SEC 1 is 117/700.

Al2. The turns ratio of the primary to SEC 3 is 23/1.

A13. The transformer does have an iron core.

Al4. The symbol designated by F1 is a fuse.

AlS5. SEC 1 would probably not increase to 1400 volts. (Doubling
the current in the primary would undoubtedly blow F1, so
there would be no voltage on either side of the transformer.)

r Power Transformer ™

—_—

SECH

st E—
] -

= — ° s

110 5.3
—0

S\ T R

FUSE é | &

Frequency Rating

Another transformer rating is the AC frequency for which the transformer
is designed. Frequency, as you recall, is measured in cycles per second (Hz).
DC has zero frequency because its voltage does not vary. AC voltage varies
because its value rises and falls during its positive half cycle followed by
a similar rise and fall in the negative direction. The frequency of the voltage
is the number of times a complete cycle repeats in a second.

Power transformers (such as the bell transformer mentioned earlier) are
designed to operate at one specific frequency. Wire, insulation, and core ma-
terial are selected to operate efficiently at the number of times the voltage
(current) values rise and fall and change direction.

Reactance
You are aware that the atomic structure of a resistor or wire offers a resis-

tance to the flow of electrons (current). Electrons find it twice as difficult to
flow through a 2000-ohm resistor as through one of 1000 ohms.

Constantly changing AC current encounters a similar reaction when Aowing
in a coil. Fxpanding and contracting lines of force cut through the primary
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coil (the conductor in which they were developed) as well as the secondary
winding.

As our illustration shows, the magnetic field induces a current in its own
coil that tends to oppose the coil current. These two currents react against
each other. This characteristic is called inductive reactance. It opposes or
limits the flow of AC just as resistance limils AC or DC in a resistor.

For purposes of simplicily, only one segment of the total force lines is
shown in the diagram. Keep in mind that the magnetic field actually sur-
rounds the conductor at every point along its length.

Reactance is directly related to frequency. The amount of reactance in a
coil is determined by the frequency of the current and by the number of
turns of wire in the coil. The greater the number of times the magnetic field
changes direction in a second, the more times adjacent turns will be cut, and
the greater will be the opening current.

) Magnetic Lines Cutting an Adjacent Turn ———j

- Y

Coils and transformers are designed to operate at the reactance established

by the designated frequency. For example, a coil may have a reactance of
30 ohms to a current whose [requency is 60 Hz. If the coil is connected to a
600-cycle source, its reactance will increase to 300 ohms. Since reactance is
an opposition to AC, the current through the coil will be less with the 600-
cycle source than with the 60-cycle source.

Suppose a 400-cycle transformer is connected lo a 60-cycle, 117-volt wall
outlet. What will happen to the transformer? The reactance will be reduced
to almost one seventh its 400-cycle value and almost seven times as much
current will flow. The excess current will probably burn the winding. For
this reason you should always check the frequency rating before connecting
a transformer to a voltage source.

Q16. A full AC cycle contains — — — = ——— — and — == === ==

half eyeles.

Q17. Transformers are designed to operate at one specific

Q18. A iransformer is designed 1o operate at 60 cycles per

second. What will happen if it is connected to a DC source?

Your Answers Should Be:

A16. A full AC cycle contains positive and negative half cycles.
A17. Transformers are designed to operate al one specific frequency.
Al8. A transformer designed for 60 cycles per second and con-
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nected to DC will have its winding burned. DC has a fre-
quency of zero cycles per second and therefore a reactance of
zero ohms. The only limit to the flow of current would be
the resistance of the wire itself.

WHAT YOU HAVE LEARNED

1. Transformers are electrical devices which convert AC voltage and cur-
rent from one value to another.

2. Transformers contain at least one primary and one secondary wind-
ing. The windings are coils and are sometimes wound on iron cores.

3. Current flowing in a conductor develops a magnetic field about the
conductor. Magnetic lines of force cutting through a conductor cause
current to flow.

4. Transformers can be designed for AC hut not for DC.

5. Transformer action is a transfer of energy. AC in the primary gen-
erates a magnetic field which induces current in the secondary.

6. Transformers are rated as follows:

a. Voltage ratio. The voltage ratio specifies the number of volts trans-
ferred between the two windings. The transformer can be used as O
either a step-up or a step-down unit, depending on which winding
is used as the input.

b. Turns ratio. A ratio of primary turns to secondary turns.

c. Frequency. Because of AC reactance, many transformers are de-
signed for use at a specific frequency. Use at any other frequency
may damage the windings.

NEXT ISSUE: Part IV—Understanding Vacuum Tubes

This series is based on material appearing in Vol. 1 of the 5-volume set,
BAS!IC ELECTRICITY/ELECTRONICS, published by Howard W. Sams & Co.,
Inc. @ $19.95. For information on the compiete set, write the publisher at
4300 West 62nd St., Indianapolis, Ind. 46268.
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Homer Hackleby

Continued from page 64

That night, after he had closed the shop,
Homer went to work on his idea. It took
him several wecks to make certain changes
in his transmitter and bring it up to the
wavelength of one of Big City's TV stations.

Finally, he felt that he wus ready to make
a test. He sat before o TV set and tuned to
the correct channel. A well-known male
singer was on the air, giving his all with his
latest hit record. Homer picked up his small
mike, flipped a switch on his set, and began
singing Home On The Range in his rather
thin and often shrill falsetto voice.

The softly-modulated voice of the famous
star suddenly becume a gibberish of screech-
ing and whining noise. Homer watched him
stare in open-mouthed amazement and hor-
ror at the gesticulations coming from the
control room.

Homer grinned as he stopped his vocal
effort and switched oft his sct to sit back
and listen to the broadcast.

“Ladies and gentlemen, due to mechanical
difficulties, our program has been temporari-
ly interrupted. We will resume the broad-
cast within a few minutes,” came the voice
of an enginecr.

After a short pause, the program resumed
with the star’s voice rather shaky as he
watched the mike with white face.

“Well, 1 got into the studio OK but |
didn’t manage to get back out and on the
air,” said Homer to himself. “[’ve got to
find a way to split the sound wave and in-
sulate it to keep my signal from jamming
it in transmitting. 1’ve got to be able to Kill
the original signal and still keep my signal
alive.”

Four weeks passed and he was ready for a
second test. He had put together a weird-
looking thing which might, by some stretch
of a feverish imagination, be called a trans-
mitter. Homer called it an electronic sound-
separator. It had several most unusual com-
ponents, one being a filament from an elec-
tric toaster which was wired up to several
transistors, an clectric toothbrush motor, and
several parts of a television CRT gun. In
fact, it looked more like a southern moon-
shiner’s still than anything resembling a
transmitter.

He locked the door of the shop, sat down
before his TV set, tuned to the right channel,
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and procecded to pick up his mike again.

Two comedians were on the air trying
frantically to do or say something funny.
Then came the break for the commercial for
a cigarette. Homer flipped his switch and
went into action.

“Folks, let me tell you a few vital facts
about this cigarette which make it distinct
and inferior to other brands.”

His pulse rate suddenly shot up into the
red as he heard his voice come out of the
TV set. His hand shook a little in his ex-
citement as he went on talking in a wave of
clation,

“First, it is made from a blend of . . .
ah, material gathered from the best stables
in West Virginia and carcfully blended with
finely shredded rope and molding tree leaves.
It has a filter on both ends which is the best
part of the cigarette. In fact, many people
smoke only the filter and throw away the
cigarctte. So join the ranks of our disgusted
smokers, tolks, and if you find you can’t
smoke our product, use it to fumigute your
house. It is guaranteed to kill termites,
roaches, and ants.”

He put down his mike and shut off the
switch to sit back in his chair with a smile
of satisfaction. He’d done it. He could now
become the invisible power behind the entire
television industry. He turned off the light,
locked the shop, and drove happily home.

“Homer, you just missed hearing the
strangest cigarette commercial that I've ever
heard,” said his wife as he entered the
house. “Really, I don’t understand how they
expect to sell any cigarettes the way the man
talked. He sounded something fike you,
Homer. In fact, T thought of you when I
heard him.”

“Is that so?” said Homer with a little
smile. “Edison was famous all over the
world, wasn’t he—when he was alive?”

“Edison? Why, 1 guess so. He was one
of the greatest inventors ever known,” said
his wife with some surprise. “What made
you think of Edison now? Are you feeling
all right, dear?”

“Never felt better,”
“Never felt better.”

The following morning he looked in the
paper and checked the TV programs sched-
uled for his station. One of the candidates
running for president was to make a speech.

As he drove to work, Homer’s fertile mind
began forming the speech which would be
unknowingly delivered that night by the un-
suspecting politician. He didn’t care much

replied Homer.

103

WwWWwW americanradiohistorv com


www.americanradiohistory.com

Homer Hackleby

Continued from previous page

for the man and he now had the chance to
make a few improvements in the ideas he
was pretty certain would be included in the
speech.

He spent over an hour at his shop writing
down these improvements while Spencer
took care of the day’s work.

That night, after carefully locking the
door of the shop, he sat down, mike in
hand, to address the nation. He turned the
set on and, a few minutes after the hour,
watched the smiling political candidate step
up before an array of mikes. The presiden-
tial palaverer cleared his throat and began
his speech.

“Fellow citizens of these great United
States of America, ladies and gentlemen of
the vast television audience, and, my friends,
I come before you tonight with humble
heart sceking the greatest office in our coun-
try. Like that noble American, Abraham
Lincoln, I stand ready to serve my people,
not to-rule them. The great issue before this
country today is the war in Vietnam. In
all sincerity, in all honesty, and in all deter-
mination, I promise you that if I am elected
President, 1 will end this futile, senseless
struggle. There are several possible ways
in which this can be done. First, . . .”

Homer flicked his switch and began talk-
ing.

“We can simply broadcast twenty-four
hours of commercials all'over North Viet-
nam. This will soon drive them crazy and
they will beg us for peace.”

He turned off his set as he enjoyed the
astonished expression on the face of the can-
didate as he stared at the mikes.

“Ladies and gentlemen, there seems to be
some kind of an interference,” said the poli-
tician, looking around him in a helpless
manner. “Where was 1? Oh yes, the war
and its solution. Well, as I was about to say,
my fellow Americans . . .”

Homer cut in again with a placid smile
on his face.

“Of course, I only say that fellow Ameri-
can stuff during my campaign. Actually,
you all know that once I get into that White
House, I couldn’t care less if you all dropped
dead!”

Homer cut off his set and watched the
candidate slump to the platform in a faint

104

as the voice of an engineer came on.

“We regret, that due to technical difficul-
ties, we will be unable to continue the cam-
paign speech of our distinguished guest. We
will now run the Late Movie Show a few
hours early. Please stay tuned for John
Wayne in that great production The Gun-
man of Whiskey Gulch.”

Homer found himself left with quite a lot
of brilliant ideas which he now couldn’t use.
But he was enjoying himself, so he decided
to stay on the job and liven up the Late
Movie Show.

The film -began with a shot of a small
group of unshaven and villainous looking
characters riding into a small Western town.
They tied their horses at a hitching post and
strode into the Last Chance Saloon. The
next shot showed them lined up at the bar.

Homer flicked his switch on as he be-
¢ame an actor.

“Where’s the topless waitresses in this
lousy joint?” he drawled in what he con-
sidered a Western accent. “Get rid of these
ugly bags standing around here and bring
out some nice classy dames, get me? Pronto.
And send somebody for that yellow-bellied,
no-good son of a coyote you call the Sheriff.
I want to fill his belly with hot lead and get
this stinking picture over with quick!”

He sat back with a smile and let the regu-
lar sound continue until, a few minutes later,
John Wayne came striding in the swinging
doors to walk up to the outlaws at the bar
and address the big, burly man who was evi-
dently their leader.

“Hello there,” said Homer, returning to
action and this time speaking with a slight
lisp. “My goodneth, but you look like a
real bad man. I like bad men. I like the
strong masculine type with an air of the out-
doorth. You really have a strong air about
you. I'm the Theriff, tho you’ll have to be
a good boy now or I’ll take you over to my
nice little jail and keep you there. Won’t
that be fun?”

“Ladies and gentlemen,” the voice of the

“frantic sound engineer broke in, “due to cir-

cumstances beyond our control, this station
is now going off the air at once. Good
night!”

Homer realized that his recreation was
over for the night. He turned off the set
and closed the shop to return home.

“Homer,” cried his wife as she met him
at the door, “our TV set is acting up in some
strange manner. You must fix it!”

“Everything will work out_ all right in a
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few days, dear,” he said. “Something proba-
bly went wrong at the station. By the way,
I've been thinking we should take a little
vacation—maybe to Tahiti or around the
world for a few months.”

“Homer Hackleby, are you out of your
mind? You know very well we haven't
enough money to go to Coney Island,” re-
plied his wife with more disgust than surprise
in her voice.

“Well, you never can tell what might
happen,” he said.

The following day he sat down at his
workbench to write a letter to the president
of the broadcasting system. Among other
things, he suggested that he would enjoy be-
coming a member of the Board of Directors.

After he finished that letter, he began a
second addressed to the president of a cer-
tain large tobacco corporation.

“Dear Sir: You no doubt have been in-
formed by now of what happened to one of
your commercials recently. 1f you are in-
terested in remaining in your present occu-
pation, I suggest that you forward a small
sum of money to me at once, let us say
$15,000, in the form of a moncy order and
sent care of General Delivery to the above
city. Yours truly, Homer Hackleby, former
radio-TV repairman and inventor.”

He sat back and lit a cigarette as he be-
gan thinking. As long as he controlled the
television channel there was almost nothing
that didn’t lay within his reach. Perhaps he
should run for president . . . after all, he
could have all the free time he wanted. Yes,
things were going to change from now on.
He threw down his cigarette as he rose to
go down to the store and buy a dozen Super
Corona-Corona cigars. L

Random Noise

Continued from page 9

has a composition consistent with an alloy of
iron and 20 to 50 percent nickel.

The mantle is not the same throughout. And
the transition zone between the deep and upper
mantle shows large density fluctuations, one of
the most surprising results of the computer
calculations.

Each of the six successful models required
an increase in the radius of the earth’s core of
between 10.8 to 13.2 miles over the normally
assumed value of 800 miles. Each also showed
inner core densities significantly higher than
the standard model, with central densities vary-

oy

ing between 4.80 and 4.88 pounds per cubic
inch, rather than some 4.30.

The density changes, if due to lateral or ver-
tical variations or both, imply unstable condi-
tions. Evidence to support such instability can
be found in the upper mantle and includes such
phenomena as spreading sea floors, volcanism,
seismic activity, heat flow variations, and pole
wandering.

In the past, ELEMENTARY ELECTRONICS has
presented many articles on the earth’s insta-
bilities just mentioned. and we will continue
to do so. Though the electronic interest may be
slight, we are members of a large scientific
community whose specialty sciences blend into
many esoteric fields that make up the scientific
community. We must be informed in order to
service our community. |

Newscan
Continued from page 18

group to reach the Pole via mechanized over-
land travel, snowmobiles, the members of the
1968 Plaisted Polar Expedition have augmented
raw courage with the finest space-age devices.

This time, for example, they plan to build a
fuel cache 200 miles from the Pole. As they
near the end of their 460-mile trip to the Pole,
supply aircraft will locate this cache on the ice,
guided by a search and rescue beacon powered
by a 3M thermoelectric generator.

That severe storm, and temperature that
warmed dangerously to 10 degrees below zero,
broke up the ice prematurely last April and
forced the expedition to abandon the effort 370
miles from the pole. ]
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“I zap ’em with microwaves!”
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DX Central

Continued [rom page 19

DX Devil

Continued from page 44

actually intercst some who don’t ordinarily
answer reception reports.

Daytime DX on the BCB offers one obvious
advantage—you will have no difficulty locating
a receiver. But, that could make it (oo easy
and your choice may not be unique. A more
esoteric field might be in order. Like how
many stations can you log in the Dominican
Republic? Or on Swan Island? (That’s a joke,
son!)

Or you might confine your efforts to 8
MHz marine stations such as WOO Ocean
Gate, New Jersey on 87735 kHz and VIS25
Sydney, Australia on 88054 kHz. Needless
to say, after logging the latter you’ll empha-
size to your fellow SWLs how much superior
this DX is to SWBC’s R. Australia who most
of them have QSLed. In addition, there are
numerous ships at sea so your 8 MHz cult will
never run short on new locations o hear. Un-
fortunately, there are some aeronautical stations
using the high end of this band but you’ll avoid
these in the interests of purity.

In the ecvent one of your DX buddies has
already caught VIS25, simply switch things
around. If not already committed to 8 MHZ,
sec how many different SWBC frequencies on
which you can find R. Australia. Surely 10
of these channels would be worth more than
one VIS25.

It's all good clean fun of course, but if the
listener really gets desperate: he can always
go look for a 30-note message from Mars.
That’s really esoteric! n

g

s

-

“Wait ’til you see the secondary on
this Tesla contraption—it goes clean
through the attic!”
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results with your particular installation.

If you hear no birdies even when R2 is
fully clockwise, you need a little more coil
between pins 3 and 4 of L1. Add a turn or
two. On the other hand, if you still hear
birdies with R2 at its full counterclockwisc
position (maximum resistance), there is too
much coil between pins 3 and 4. Shorten
this winding a bit. In rare cases, it may even
be necessary to operate the preselector with
only a short jumper between pins 3 and 4
of the coil form.

DX Devil is most sensitive when R2 is set
just below the point of oscillation. When op-
erated in this manner, the tuning of C1 will
become extremely sharp. Carefully adjust
the capacitor for maximum strength of the
desired station.

Coil 3 will cover both the 4-MHz and 7-
MHz amateur bands and all the frequencics
in between. Once you have this coil work-
ing correctly over its entire range, make
similar checks with Coil 2 (7 MHz to 14
MHz) and Coil | (14 MHz to 30 MHz).

Performance. The improvement in re-
ception which can be achieved with the aid
of your DX Devil varics inversely with the
quality of the companion receiver. The worse
your set is, the more startling will be the re-
sults. Tests on a pre-World War 11 receiver
showed that 28-MHz amateur signals could
be lifted from inaudibility to 100% copy,
and weak signals boosted to S-9 plus. An-
noying images were almost completely sup-
pressed. Unrcadable holes in fluttery 15-
and |7-MHz shortwave broadcasts were

| either eliminated or drastically reduced.

Even when connccted to the author’s
modern, |13-tube double superhet, perform-
ance on 28 MHz was improved. Weak sig-
nals became much more readable, and the S-
meter jumped 20 to 30 dB with the pre-
selector switched on. Because the average
receiver is more efficient at lower frequen-
cies, results weren’t quite so spectacular from
4 to 7 MHz. However, the S-meter went up
and lots more signals were heard with true
armchair copy.

Though the SWBC bands arc more
crowded today than ever before, broadcasts

| have never been more fascinating. Hook up

the Devil to your catch-all receiver, and
you'll DX like crazy. n
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En Passant
Continued from page 21

9 N-N3 B-KN5 27 QxP axQ#
10 P-B3 P-K5!! 28 KxQ BPxN!!
11 PxN B-Q3! 29 R-KBI1 K-K2
12 BxP# K-Ql 30 R-K1# K-Q3!
13 0-0O! PxP 31 R-KB1 R-QB11!
14 RxP! R-QN1 32 RxP R-B2!
15 B-K2? BxR 33 R-B2 K-K4!
16 BxB QxQP# 34 P-QR4? K-Q5
17 K-R1 BxN! 35 P-R5 KxP
18 PxB R-N3 36 R-B3# K-B7t
19 P-Q3! N-K6 37 P-N4 P-N4!
20 BxN QxB 38 P-R6 R-B5
21 B-N4! P-KR4! 39 R-B7 RxP
22 B-R3 P-N4 40 R-QN7 R-N5#
23 N-Q2 P-N5 41 K-B3 P-N5
24 N-B4 QxNP 42 RxRP P-N6
25 NxR PxB Resigns

26 Q-B3 PxP#

Black
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White

Why did White resign? Because he must
sacrifice his Rook for the Queen Knight Pawn
to prevent it from queening and then forcing
mate. Here is the analysis:

A. If 43 R-QN7, R-QR5 44 P-R7, P-N7
(threatening 45 . . . . RxP! 46 RxR, P-N8=Q
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and wins) 45 R-B7# K-N8 46 K-K2, K-R8 47
R-QN7, P-N8=Q 48 RxQ#, KxR and Black
can pick off the Pawn and then mate with King
and Rook or mate with Queen and Rook after
promoting his remaining Pawn.

B. If 43 R-B7# K-N8 44 R-B5, R-QRS 45
R-B6, P-N7 and Black wins as in the preceding
variation.

C. If 43 R-B7# K-N8 44 R-BS, R-QRS 45
RxP, P-N7 (or 45 . . . . RxP) 46 R-R6, K-R8
47 R-QN6, P-N8=Q and Black wins.

Problem 14
By P. Overkamp
Holland

/3

White

White to move and mate in two.
Solution in next issue.

I Solution to Problem 13: 1 B-B4

News and Views. Carl Wagner of M.I.T. won
the U. S. Intercollegiate, held at Stevens Insti-
tute of Technology, with a score of 72-Y2.

The first international chess match played by
electronic computers ended in a victory for the
Soviet Union over the United States. Two games
were won by the Soviet and two were drawn.
The American team of mathematicians was
headed by Prof. John McCarthy of Stanford
and the Russian one by Georgy Adelson-Belsky.

Boris Spassky of the U.S.S.R. beat his com-
patriot Ewfim Geller, 5V2-2%2, in the first
Candidates’ Elimination Match at Sukhumi.

The U. S. Open Championship will be held
at Snowmass-at-Aspen, Colorado, August 11-
23, 1968.

Our game was dealt a grievous blow when
Jerry Spann of Oklahoma City passed on in his
mid-fifties. Jerry, as he was known to all, was a
former President of the U. S. Chess Federation
(and its most successful one) and was Vice-
President of the International Chess Federation.
Jerry will never be forgotten in the world of
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Forecast: Earthquakes

Continued from page 34

U.S. In 1965, five highly sensitive, optically-
pumped rubidium magnetometers (instru-
ments used to measure magnetic field
strengths) were set up along the San An-
dreas fault in California. Distinct local
changes in the geomagnetic field occurred
on three occasions during the first nine
months of study using this equipment. Sig-
nificantly, the only rupture creep events
and/or the largest local earthquakes also oc-
curred within a few days of these geomag-
netic events.

No one knows yet just why abrupt mag-
netic disturbances should precede an earth-
quake. One possibility is that these phe-
nomena result from piezomagnetic effects of
rocks undergoing changes in stress.

A directed stress on magnetite-bearing
rocks is known to reduce the magnetic sus-
ceptibility (degree of magnetization in rela-
tion to the magnetizing force) and the rema-
nent magnetization in the direction of the
applied stress; simultaneously, these eflects
increase in directions at right angles to the
direction of stress. This phenomenon has
several names: piezomagnetic effect, seismo-
magnetic effect, inverse magnetostriction,
and piezoremanent magnetization.

The measurement of such weak geomag-
netic effects is tricky, not bccause instru-
ments are lacking, but because other confus-
ing variations in the earth’s magnetic field are
caused by ionospheric phenomena. How-
ever, if a series of instruments are used (as
in the San Andreas experiment), these iono-
spheric effects can be largely accounted for
and local effects caused by underground
piezomagnetic phenomena can be deter-
mined.

Preliminary studies indicate that magnetic
changes are gradual during the two or three
years before an earthquake, and more rapid
just before and after the ecarthquake. How-
ever, much still remains to be learned about
the exact relationship of magnetic disturb-
ances to tectonic stress changes before earth-
quake prediction systems can be established.

Electronic Tools. Perhaps the outstand-
ing reason for optimism concerning the de-
velopment of earthquake forecast tech-
niques is that seismologists now have highly
sophisticated electronic tools for studying
earthquake phenomena.
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The classical magnetometer invented in
1832 by K. F. Gauss consisted of a perma-
nent bar magnet suspended in a horizontal
position by means of a thin gold fiber. Os-
cillation of the magnet is a function of the
magnet strength and the strength of the
carth’s magnetic field.

Modern magnetometers are more accurate
and provide results faster. The sine galva-
nometer makes use of a Helmholtz coil
wound on a hollow marble cylinder in which
is mounted a small magnet. A known current
passed through the coil deflects the magnet
a certain amount, depending on the strength
of the earth’s magnetic field at the test site.

Even more accurate are so-called nuclear
magnetometers, The proton-precession mag-

THE DEADLY DOZEN
@ The twelve most deadly earthquakes on rec-
ord killed a total of more than 2 million people.
Two of these disastrous quakes occurred within
the last 40 years.
Place Year Deaths
China, Shensi 1556 830,000
India, Calcutta 1737 300,000
China, Kansu 1920 180,000
: Japan, Tokyo 1923 143,000
= China, Chihli 1290 100,000
Caucasia, Shemaka 1667 80,000
Italy, Messina 1908 75,000
China, Kansu 1932 70,000
Asia Minor, Silicia 1268 60,000
Italy, Catania 1693 60,000
Portugal, Lisbon 1755 60,000
: India, Quetta 1935 60,000

b i i

netometer requires only the accurate meas-
urement of an audio-frequency voltage in-
duced in a coil by precessing protons con-
tained in a small quantity of water. (Preces-
sion is the “wobble” characteristic of free-
spinning objects; examples are the precession
of the earth caused by unequal gravitational
pulls of the sun and moon and the precession
of a toy top caused by earth gravity.)

The rubidium-vapor magnetometer is an-
other highly sensitive instrument. In addition
to such absolute magnetometers requiring no
direct comparisons with standard instru-
ments, there are also many types of relative
magnetometers which do require compari-
sons with standard magnetic instruments.

Japan’s 5-Year Plan. The Japanese are
currently engaged in a S-year plan for earth-
quake prediction. One important part of the
overall program consists of making accurate
measurements of geomagnetic phenomena
throughout the country by use of a network
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of 21 proton-precession magnetometers.
Some of the magnetometers are used in pairs
to observe differences in the total magnetic
field intensities between two stations a few
kilometers apart. These differential proton-
precession magnetometer systems require
the use of two magnetometers and an elec-
tronic computer that calculates the differ-
ences in data observed at the two locations.

Geomagnetic signals picked up by the
sensing heads of the magnetometers are am-
plified, and the signal frequencies are then
multiplied by a frequency multiplier before
being fed into a frequency counter. Proper
selection of the gate-time permits conversion
of the counted frequencies directly to total
intensities of the geomagnetic fields in gam-
mas. The counted frequency is printed digi-
tally and is also recorded in analog form
and on punched paper tape.

The sensing head of each magnetometer
consists of two aluminum wire coils wound
on bakelite cylinders; one cylinder is filled
with water, the other is empty. The ampli-
fier consists of a two-transistor preamp and
a three-transistor main amplifier. The fre-
quency multiplier steps up the detected fre-
quency 10 to 40 times. The frequency count-
er is a 446.459-kHz quartz oscillator of
high accuracy and stability; the intensity of
the total geomagnetic field in gammas is
obtained by counting the signal frequency
and multiplying by 20. A crystal clock used
to synchronize the magnetometers at the two
locations utilizes a highly stable quartz os-
cillator of 1.024 MHz.

Electronic Seismographs. Seismometers
and seismographs have also gone electronic.
The classic pendulum seismograph is now
made highly sensitive by the use of optical
magnifiers or by use of such electronic de-
vices as electromagnetic transducers, galva-
nometers, photocells, and electronic ampli-
fiers.

An electromagnetic pendulum seismo-
graph having galvanometric registration is
perhaps most widely used in seismograph
stations. In this instrument, a sensitive gal-
vanometer is connected to a coil attached to
the pendulum. The galvanometer movement
is activated by an electromotive force in-
duced by motion of the coil through the
earth’s magnetic field. The galvanometer
mirror deflects a light beam to produce a
record of the oscillations on photographic
paper.

Another version®f the pendulum seismo-
graph uses a variable-reluctance transducer

SEPTEMBER-OCTOBER, 1968

in which the pendulum movement varies the
reluctance of a magnetic circuit. The mag-
netic flux variations thus produced induce an
electromotive force in a coil surrounding an
armature in the magnetic circuit.

No single type of seismograph can serve
all earthquake recording purposes. To study
all frequency ranges, a series of narrow-band
seismographs is preferable to a single broad-
band instrument. Also, some instruments
must be designed to record very strong
tremors that would disable more sensitive
instruments.

The strain seismograph is a very unique
and sensitive instrument working on a prin-

DISASTERS OF THE DECADE

@ The twelve most deadly earthquakes that oc-
curred within the past decade killed close to
38,000 people. The death toll in Alaska, in
1964, was remarkably low considering the fact
that this quake was one of the strongest on
record. The first killer earthquake of 1968 took
about 300 lives in Sicily, in mid-January.

Place Year Deaths
Morocco, Agadir 1960 12,000
Iran, northwestern 1962 10,000
Chile, southern 1960 5,700
Iran, northern 1957 2,500
Turkey, eastern 1965 2,477
Iran, western 1957 2,000
Mongolia, outer 1957 1,200
Yugoslavia, Skopje 1963 1,100
Chile, central 1965 428
El Salvador 1965 125
Alaska 1964 115
Taiwan 1964 110

ciple quite different from the pendulum seis-
mograph. The object is to detect small dis-
tance changes, caused by earth tremors, be-
tween two rigid posts set in bedrock about
100 ft. apart.

Stretched horizontally between the posts
is a long fused quartz tube; it is attached
by one end to one post only, the free end
of the tube being just short of the second
post. Strains in the bedrock move the posts
to produce small variations in the gap be
tween the end of the quartz tube and the
second post. These gap variations are meas-
ured by means of electromagnetic and vari-
able discriminator transducers to provide
records of the earth tremors.

Microearthquakes. The development of
reliable earthquake prediction techniques
obviously calls for the fullest possible under-
standing of the total seismic process—all the

(Continued overleaf)
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Forecast: Earthquakes

Continued from previous page

way from the smallest detectable tremors
and magnetic disturbances to the ultimate
cataclysmic upheavals.

Consequently, increasing attention is be-
ing given to methods of detecting micro-
earthquakes, and still weaker tremors called
ultramicroearthquakes. The study of such
weak seismic cvents imposes three basic re-
search problems 1) the development of in-
creasingly sensitive instruments, 2) the use
of mobile equipment, and 3) processing of
data using electronic data processing meth-
ods.

The Japanese are pioncering microearth-
quake research—understandably so, consid-
ering the high incidence of earthquakes in
that country. A Japanese seismologist, re-
porting at the U.S.-Japanese conference on
earthquake research in 1966 said: “In any
place in Japan at least 10 to 30 microearth-
quakes can probably be observed cvery day
on the average. At Matsushiro about 10,000
shocks per day are recorded with highly
sensitive short-period seismometers, but this
is quite cxceptional. At Tsukuba about 200
shocks are recorded per day. . . . Analysis
of the data will become a burden for seis-
mologists unless automatic data analysis is
developed quickly.”

Microearthquakes have relatively short
detection ranges, hence it is necessary to use
dense networks of observation stations or
arrays of stations. Consequently, the Japa-
nese have mobilized much of their micro-
carthquake detection equipment by installing
it in trucks.

The Japanese use fairly simple systems
consisting of geophones, amplifiers, and FM
tape recorders; the amplifiers have flat re-
sponses from 1 to 200 Hz. Another type
of apparatus, also developed and used in
Japan, consists of a delay system utilizing an
endless tape, trigger circuit, tape recorder,
and a visible recorder. Fast-running visible
records of shocks, as well as reproducible
records on FM tape, are obtained with the
equipment.

U.S. seismologists are also developing new
instrumentation to measure micro- and ultra-
microearthquakes. The basic seismometer
used by scientists of the Lamont Geological
Observatory (near New York City) has a
500-ohm coil with an output of about 580

110

microvolts per micron per second of ground
motion. The output from this unit is fed
into an amplifier having a voltage gain of
one million, an input impedance of 2200
ohms, and a noise level, referred to the in-
put of approximately a tenth of a microvolt
rms. i

Other Studies. Earthquake research of
course involves many other kinds of studies
besides the measurement of earth tremors
with seismographs and geomagnetism with
magnetometers. Triangulation and leveling
networks utilizing tiltmeters and extensom-
eters are used to detect gradual land defor-
mation. Other types of instruments gather
data about ocean tide patterns. Large man-
made explosions help obtain information
about seismic wave velocities. Underground
heat flow and electrical conductivity phe-
nomena are naturally also of considerable
interest.

The National Aeronautics and Space Ad-
ministration is sponsoring considerable re-
search in the development and application of
remote-sensing techniques using satellites.

Earthquake research still has a long way
to go before magnetic or other types of pre-
diction methods can be developed. But the
big research push is on. Meanwhile, those
who live atop seismic powder kegs can only
do what they have done for thousands of
years in the past—hang on tight when the
big rumbles arrive. u

X Marks The Time
Continued from page 48

watches? How much will such an exotic time-
piece cost? Sorry, but it will be some time
before you sport one of these electronic mar-
vels, and there isn’t the slightest hint about
what it might cost.

The researchers admit that they still have
technical production problems to overcome.
It is one thing to make these watches in a
laboratory where time and expense are of
little consequence. It is quite another thing
to mass-produce the delicate mechanisms'and
still maintain high degrees of accuracy and
performance reliability.

You can bet that when the watch does
become generally available it will command
premium prices—even if production costs
are comparable to those of other types of
watches. This would be the only practical
way that the manufacturer$ would be able to
limit sales of the watches. B
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California 90027.

EARN Your Degree In Electronics En-
gineering. Highly Effective Home Study
Courses In Electronics Engineering Tech-
nology And Electronics Engineering Math-
ematics. Free Literature. Cook's Institute
Of Electronics Engineering, P. O. Box
36185), Houston, Texas 7703¢. (Established
1945.

PRACTICAL tips for hoine, garden and
workshop are in ‘1001 How-To Ideas.”
A high value reference for all craftsmen.
Send $1.00 for your copy includes Postage,
to 1001 How-To Ideas, 22¢ Park Avenue
South, New York, N. Y. 10G03.

ELECTRONIC COMPONENTS

$200.00 MONTHLY Telephoning or re-
fund. 50¢. Charles Redmond, .Box 8454~
DP, Los Angeles $0008.

‘8 GOLDEN Keys'' Mailorder Course-
book. Save sending quarters, dimes, else~
where. Everything complete, $2.00. Free,
500 personalized labels with order. Pauls~
3, Postbox 3258, Boulder, Colo. 80302.

START Profitable Business in spare
time. Investigate many money-making
opportunities. Send 25¢ for sample copy
of Income Opportunities Magazine. 229
P“(}é Avenue South, New York, N, Y.
10003.

PERSONAL

HIGHER Income, Security and Power
256 Dage Book “Thinking Big" reveals
secrets that make men Rich! Send $2.00
Forrest Gifts, 103 North Taylor, Jefferson
City, Missouri 65101

FOR the best in Mystery Reading—
Subscribe to Ellery Queen’s Mystery Mag-
azine, 229 Park Avenue South, New York
N. Y. 10003. Send $3.87 for 12 issues.

ELECTROSHOCK MODULE produces
1200 volt shock from 6 volis. No battery
drain until touched. Non lethal. Protects
property for months on lsntern battery.
$4.95. Catalog 20¢. Franks Scientific Co.,
P. O. Box 156, Martelle, Towa 52305.

HYPNOTISM

Self-Hypnosis for seli-improvement.
New Concept. Free literature. Smith-
McKinley, Box 3038, San Berdardino,

California 92404.

INVENTIONS WANTED

WE either sell your invention or pay
cash bonus. Write for details. Universal
Inventions. 288-3, Marion, Ohio 43302.

MAGNETS

MAGNETS. All types. Specials—20 disc
magnets or 2 stick magnets, or 10 small
bar magnets, or 8 assorted magnets, $1.00.
Maryland Magnet Company, 5412-R, Gist.
Baltimore, Md. 21215.

RADIO & TELEVISION

THOUSANDS and thousands of types of
electronic parts, tubes, transistors. instru-
ments, etc. Send for Free Catalog. Arce
turus Electronics Corp., EME, 502-—22nd
St., Union City, N. J. 07087.

10 DISTANCE Crystal set plans—25¢:
20 different—50¢. Includes Transistor ex-
periments, catalog. Laboratories. 12041-G
Sheridan, Garden Grove, Calif. 92640.

C.B. BUYERS' Guide—A new magazine
for the buyers of Citizen’s Band Electronic
Equipment. Send $1.25—includes Postage
to C. B. Buyers’ Guide, 229 Park Avenue
South, New York 10003.

STAMP COLLECTING

GENEROUS Bargain Lot $1.00. High
Value Packet $2.00. Persile, 436 New York
Avenue, Brooklyn, N. Y. 11225.

FREE 121 Different Flag Stamps. W-B
St:?mp Company, Wilkes-Barre, Penna.
18703.

For Greater Classified Profits

WHY NOT TRY THIS NEW

combined classified ad medium

Your classified ad will appear in SCIENCE & MECHANICS MAGAZINE as well as in a minimum of
four other SCIENCE & MECHANICS PUBLICATIONS. Write now for information to C. D. Wilson, Manager,
| Classified Advertising, SCIENCE & MECHANICS, 229 Park Avenue South, New York, N. Y. 10003.
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A Government FCC License can help you bring home up to

$10,000, $12,000, and more a year. Read how you can prepare

for the license exam at home in your spare time —

with a passing grade assured or your money back.

I YOU'RI OUT TO BAG A BETTER JoB in Electronics,
I you'd netter have a Government FCC License. For
you'll need it ta track down the choicest, best-paying jobs
that this boaming ficld has to offer.

Right now there are 80,000 new openings every year
for electronics specialists—jobs paying up to $5, $6, even
$7 an hour...$200, $225, $250 a week...$10.000,
$12,000, and up a year! You don’t need a college educa-
tion to make this kind of money in Electronics. You don't
cven need a high school diploma.

But you do need knowledge, knowledge of electronics
fundamentals. And there is only one nationally uccepted
method of measuring this knowledge .. . the licensing pro-
gram of the FCC (Federal Communications Commission).

must be able o pass the FCC exam and get your license—
or you'll get your moncy buch!

‘They got their licenses and went on to better jobs

The value of CIE training has been demonstrated time
and again by the achievements of our thousands of suc-
cesstul students and graduates.

Ed Dulaney. Scottshlufl. Nebraska, for example. passed
his Ist Class FCC License exam soon after completing his
CIE training...and today is the proud owner of his own
mobile radio sales und service business. “Now I manu
facture my own two-way equipment.” he writes, “with
dealers who sell it in seven different states, and have seven
full-time employees on my payroll.”

Danicl J. Smithwick started his

WATEE S SLR e (T S S M SIS YRS ARG s Sedy . (1T training while in the service,
An FCC License is a legul require- 2 %‘1_1}'4\‘;‘:?(!‘!4’:'-\@()1‘1\%‘«! ¥ and passed his 2nd Class exam soon
ment il you want to become a Broad- | § ‘*I:«_\‘J"l:;lll-:;l;!:lﬂ';l:‘;jﬂjd_ZW“ILI(;I_’\HJA'F\ : after his discharge. Four months
cast Engincer, or get into servicing [ RS CE s # 1 uter. he reports, 1 was promoted
any other kind of transmitting equip- i‘ E to manager of Bell Telephone at La
ment—twe-way mobile radios, micro- m Moure, N. D. This was a very fast
wave relay links, radar, etc. And ! % promotion und a great deal of the
cven when it's not legally required. = % credit goes to CIE.”

a license proves to the world that i i Eugence Frost, Columbus, Ohio,
vou understand the principles in ® | wus stuck in low-paying TV repair
volved in any clectronic device. i § work before cnrolling with C1E and

Thus, an FCC “ticket™ can open the
doors to thousands of exciting. high-
jpaying jobs in communications,
radio and broadcasting, the acrospace program, industrial
ramation, and many other arcas

S¢ why doesn't everybody who wants a good job in
Electronics get an FCC License und start cleaning up?

The answer: it's not that simple. The government’s
licensing exam is tough. In fact, an average of two out of
every three men who take the FCC exam fail

There is onc way. however, of being pretty certain that
von will pass the FCC exam. And that is to take one of
1he FCC home study courses offered by Cleveland Institute
al Llectronics.

{1E courses are so eflective that better than 9 out of 10
¢ '|F graduates who take the exam pass it. That's why we
can afford to back our courses with this iron-clad War-
ranty: Upon completing one of our FCC courses. you

ENROLL UNDER NEW G.1 BILL, All CIE courses
are available under the new G.1. Bill. If you served on
sictive (uty since Jan. 31. 1955, or are in service now,
check box on reply card for complete details.

carning his FCC License. Today, he's
an inspector of major electronic sys-
tems for North American Aviation,
“I'm working 8 hours a week less than before.” says Mr.
Frost. “and carning $228 & month more.”

Send for FREL hook

If vou'd like to succeed like these men, send for our FREE
24-page book “How To Get A Commercial FCC License.”
1t tells you all about the FCC License ... requirements for
getting one... types of licenses available. . how the exams
are organized and what kinds of questions are asked...
where and when the exams are held. and more.

With it you will also receive a second FrE®: book, "How
To Succeed In Electronics.” To get both books without
cost or obligation, just mail the attached postpaid card.
Or. if the card is missing, send your name and address to
CIE at the address below.

Cleveland Institute of Electronics
1776 E.17th St.,Dept. EL-10 Cleveland. Ohio 4414

Accredited Member National Home Study Council @
A Leader in Electronics Training...Since 1934 =
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CIRCUITS AT HOME =5
with the New Improved $2695
PROGRESSIVE RADIO “EDU-KIT/’®

A Practica] 'Home Radio Course

Now Includ T "o

R o EXPANDED “EDU-KIT" NOW INCLUOES
* 3 TRANSMITTERS Y TRANSISTOR (Solid State) CIRCUITS
 STGNAL TRAGECRATOR o VACUUM TUBE CIRCUITS —

% AMPLIFIER % PRINTED CIRCUITS Training Electronics Te(hni(inns Since 1946

T AL * HAND WIRED CIRCUITS FREE EXTRAS |

YOU DON'T HAVE TO SPEND
L HUNDREDS OF DOLLARS FOR A RADIO COURSE

® SOLDERING IRON
Fhe ¢Edu-Kit'® offers you an outstanding PRACTICAL HOME RADIO COURSE ® ELECTRONICS TEST
rock-botlom price. Our Kit is designed to train Radio & Electronics Technlclans.smaﬂ'ina + PLIERS-CUTTERS .
use of the most modern methods of home training. You witi learn radio theory, construc- VALUABLE DISCOUNT CA
tron bractice and servicing. THIS 1S A COMPLEIE HADIO COURSE |y Cyery Seryuc: CERTIFICATE oF tem P
You wiil learn how to build radios, using regular schematics: how to wien bng ooty s
in a prosessional manner; how to service radios. You will work with the standard type of TESTER INSTRUCTION MANUAL
punched metal chassis as well as_the latest devel i assis. HIGH FIDELITY GUIDE o« QUIZZES
learln the basic principles of radio. Yo TELEVISION BOOK . RADIO
mp|

F al TROUBLE-SHOOTING BOOK

and practice code, 3 lator will practice MEMBERSHIP IN RADIO-TV CLUB:

troubie-shooting, & the Progressive Slgnal Tracer, Progressive Signal Injector, Pro- CONSULTATION SERVICE « FCC

Eressive Dynamic Radio & Electronics Tester, Squarc Wave Generator and the accompany- |  AMATEUR LICENSE TRAINING

ing instructional material. . - PRINTED CIRCUITRY
You will receive trai g _for the Novice, Technician and General Classes of F.C.C. Radio L — —

.

’

Amateur Licenses. Il build Receiver, Transmitter, Square Wave Generatar, Code
Oscillator, Signal Tracer and Signal Injrctor circuits, and iearn how tc operate them. You

will receive an excellent background for television, Hi-Fi and Electronics.
Absolutely no previous knowledge of radio or science is required. The “Edu-Kit' is SE RVIClNG LESSONS
the product of i experience. The *Edu-Kit'* will

ng A
provide you with a basic education in Electronics and Radig, worth many times the low n

You w
Price you pay. The Signa! Tiacer alone is worth more than the price of the kit. servicing
w T

THE KIT FOR EVERYONE xo

You do not need the stightest bacRground ages and backgrounds have hsm:x:csstully
i t

practice re|

construct. You will learn symptoms
and causes of trouble in home, portabie
and car radios, You will fearm how to
use the professional Signal Tracer. the

In radio or science. Whether you are inter- used the ‘‘Edu-Kit'’ in more 79 coun- i
ested in Radio & Electronics because you tries of the world, The ‘‘Edu-Kit ,‘;’;!,‘}:°f'gi‘g&,’;“i&"’;;’s’.‘;’,_"‘3.,,,";{.;“",’“.,‘3
d Interesting hobby. a well paying S t are ‘learning in this practical way, you
business or a job with a future. you will find T Edu-Kit will be able to do many a repair job for
the “‘Edu-Kit'* a worth-whlle investment. your triends and neighbors, and charge
Many thousands of individuals of all fees which will far excecd the price of

the ‘‘Edu-Kit.’' Our Consultation Service

PROGRESSIVE T A:”'MG M! TH@D win nely you with any technicai prob.

Ine Progressive Radio *‘Edu-Ki is the foremost educational radio kit the world,
n i e standard in the field ot electronics trai . The ‘‘Edu. MA
uses the modern educational principle of *‘L.earn by Doing.'’ Therefore you construct, FROM OUR
hematics. study theory, practice trouble shooting—alt in a closely Integrated pro<
gram designed to provide an easily:iearned. thorough and interesting hackground in radio. J. Stataitis. of 25 Poplar Pl., Water-
You begin by examining the various radio parts of the “‘Edy- -'* You then learn the bury, Conn.. writes: '‘l have repaired
function, theory and wiring of these parts. Then you build a simple radio. With this first severat sets for my friends. and made
will enjoy listening to regular broadcast stations, learn theory, practice testing money, The ‘‘Edu-Kit’' paid for itself. |
techni G dualil in a progressive manner ando'atle‘;';)n r'"°oi5 a::;'a:ceydmt‘neomr WSrs acavAtolspend 52"3 'or'a‘course,
echnigues, Gradually, in » _you n . W r ad and sent for your
find ynurse?! constructing more advanced muitl-tube radio circuits, and doing work like & bl;:._l_ tound you ¥
" adio ician, . A p n Valerio, P. O. Box 21, Magna,
_ Included in the ‘Edu-Kit' course are Keceiver, Transmitter, Code Osciltator, Signal Ut A o i WonaEi e o

Tracer, Square Wa Genecrator and gnal Injector Circuits. These are not unprofessional I am sending you the questions and alse
‘‘breadboard’’ experiments, but genuine radio circuits, constructed by means of professional the answers for them. | have been in
wiring and soldering on metal chassis, plus the new method of radio construction known : s
@s ‘‘Printed Circuitry. These circuits operate on your regular AC or DC house current. to work with_ Radio Kits, and like to

the ISn‘gnal T':ator '\;r‘o:k?
4 will receive all parts and instructions necessary to build twenty different radio and fine. Also e to let you knmow a
electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, vari- :&%‘igf;"‘,“‘c‘l’l‘“}’??"’“'"‘ a member of your
able, electrolytic, mica, ceramic and paper dielectric condensers, resistors, tie strips, Robert L. Shu#f, 1534 Monroe Ave.,
hardware, tubing, punched metal chassis, Instructior Manuals, hook-up wire, solder, Huntington, W. Va.: *‘Thought | would
selenium rectifiers, coils, volume controls and switches, etc. ) X drop you a few lines to say that I re-
] addition, you receive Printed Circuit materials, incliuding Printed Circuit chassis, i
special tube sockets, hardware and instructions. You also receive a useful set of tools, a

ceived my Edu-Kit, and was really amazed

professional elect soldering jron, and a self-powered Dynamic Radio and Electronics a low price. 1 have already started re-
Tester. The “"Edu-Kit'* also includes Code tnstructions and the Progressive Code Oscillator, pairing  radios and phonographs. My
in addition to F.C.C. Radio Amateur License training. You will also receive lessons for friends were really surprised to see me
servicing with the Progressive Signul Tracer and the Progressive Signal Injector, i get into the swing of it so quickly. The
Fidelity Guide and a Quiz Book. You receive Membership in Radio-TV Club, Free ¢ Trouble-shooting Tester that CO;!)ES with
Service, Certificate of Me| and Discount Privileges. You receive all parts. tocls. he Kit is really swell, and x'nds dtr!t_z
instructions. etc. Everythino is vours to keen trouble, if there is any to be found.

Progressive '‘Edu-Kits'' Inc., 1186 Broadway, Dept. 5270DJ, Hewlett, N. Y. 11557

T~ —UNCONDITIONAL MONEY-BACK GUARANTEE-___‘! =
Please rush my Progressive Radio “Edu-Kit" to me, as indicated below: | l PRINTED CIRCUITRY |

Check one box to indicate choice of model - " : N
' ] Regular model $26.95. At no increase in price, the “Edu-l([t"
I [J Deluxe model $31.95 (same as regular model, except with superjor parts Now mcludes‘ P'.""te.d c'”“”'}"* You b.l“ld
and tools). a Printed Circuit Signal Injector, a unique
a | O Expanded model $36.95 (same as Deluxe model. except with § additional Servicing instrument that can detect many
soiid state circuits plus valuable Radio & TV Tube Checker). Radio and TV troubles. This revolutionary
I Check one box to indicate manner of payment new technique of radio construction is now
7 t enclose full payment. Ship “Edu-Kit"’ post paid. becoming popular in commercial radio and
l -] Ship “Cdu-Kit'"" C.0.D. I will pay postage. sets, e : | |
i [l Send me FREE additional information describing “Edu-Kit." A Printed Circuit is a special insulated

= chassis on which has been deposited a con-

1
1
|
|
Name a ducting material which takes the place of
I
i
1

Address

________ wiring. The various parts are merely piugged
in and soldered to terminals,

Printed Circuitry is the basis of modern
Automation Electronics. A knowledge of this
subject is a necessity today for anyone in-

terested in Efectronics. |

PROGRESSIVE “EDU-KITS” INC.
1186 Broadway, Dept. 527DJ, Hewlett, N. Y. 11557
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