.
Liquid Noise Eenerator—-—ﬁranddad s Science Pro;ect %
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COURSE

Understanding
RL Circuits

INCLUBING N~ e dCEICCtI@HICS

Build QUAD-MIX ,‘_,Jp

One IC lets you blend
4-channels of sound
ifnto one — great for
home tape recording!

Why not build
your next

COLOR
T™V?

Heath's all-new
modular plug-in
circuit-board
construction |
is designed for
pwner-servicing!

GODDARD—his dreams made spa&elt“r;vel pussible!



NEW “TREASURE
HUNTER" KIT

. Finds metals, pipes several
Inches underground. EICO
TH-30 Solid State Treasure
Hunter focates iron, steel,
tin, gold, silver, copper
etc Beep pitch in
Creases as you near
object.

Battery oper-
ated. $29.95.

NEW “BULLHORN' KIT
Carries your voice up to 400 feet.
EICO BH-16 Solid State Bullhorn
2Y2 Ibs. light, Ts perfect for

all outdoors, camp sporis

Batlery-openied 315:95.

in|

- —

)™

new EIGOCRAFT

The electronic science project kits
for beginners, sophisticates,
educators. 42 kits to date.

> | £ wiretess

Mike $9.95

b

8 NEW EICOCRAFT KITS
Automotive "LIGHTGUARD" e
“VARIVOLT" DC Power Supply
® "MOODLITE” Light Dimmer
Control ® “VARASPEED" Motor
Speed Control @ “LIGHTSHOW"
Sound/Lite Translator e
“ELECTRIC FIESTA" Audio Color
Organ e "“SUPER MOODLITE'
Remote Control Light Dimmer

® "ELECTROPLATER” From
$2.5010 $14.95.

NEW

“FLEXI-CAB’’

Build your own custom

\

COLOR IMACES

Electzonic Art in Mot i .
“CHROMA- & SR CELESTIAL
CcuBE"” ' 4 — 1 T
Classic white 18 \ l \~ AL
Cube features a & RO
i AN 24" x 24" x 6
responsive light
olay
e .

® “LIGHT FANTASTIC"

nsh.-ent

dimensional world of ever Changing
light patterns in response to music. 38 high
NEW

cortina2
STEREO KITS
The lowest-priced
component quality
high fidelity!

ec " EICO 3780 50.Watt
€ % Silicon Solid State FET AM.FM Stereo
Receiver. Kit $109.95, Wired $169.95

EICO 3080 50-watt Silicon £1CO 3300 Silicon Solid State
Solid State Stereo Amplifier. FET AM.FM Stereo Tuner
Kit $69.95, wired $109.95 Kit $69.95, wired $109.95

NEW SOLID STATE TEST INSTRUM

ENTS

EICO 240 Solid State FET-TVM. Kit $59.95, wired $79.95.
EICO 379 Solid State Sine/ Square Wave Generator.

Kit $69.95, wired $94.50.

EICO 242 Solid State FET-TVOM. Kit $69.95, wired $99.95.
EICO 150 Solid State Signal Tracer. Kit $49.95, wired $69.95.
EICO 330 Solid State RF Signal Generator.

Kit $59.95, wired $39.95

N

v AN

designed cabinet in
minutes!

Give your EICOCRAFT
and other projects
that finished pro-
fessional.look with
decor-styled FLEXI-
CAB vinyl clad steel
cabinets. Fast, easy,
push-together
assembly. 3-sizes
from $3.49.

5 Gu Gn G En Gy Gn Gn Gn o En GE GY G GF GU S G e 6Y en Gy o e

REE 1971 EICO CATALOG

Send me FREE catalog describing the full EICO
ne of 200 best buys. and name of nearest dealer.

State 2ip
i L]
EICO Electronic Instrument Co.. Inc, “=
283 Malta Street, Brooklyn, N.Y. 11207

EEs71
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N\
/ NOW YOU CAN SEE

THE MUSIC YOU HEAR. '\
Sound n Color |

Color Organs, Translators,
Strobes

MODEL 3450 Grnt
1 3

107 4 Chas Kit $79.9
Wired $109

MODEL 3445 (24 x 12" x 10
4 Kit $64.9:

Wired $99 95

MODEL 3440 (10" x 15" x 167)
3-Channels. Kit $49 95
Wired

$79.95. Other models to
choose, from $19.95 and up.
TRANSLATORS
The electronics you need to create
audio-stimutated light disp
MODEL 3460
1 Channel
Kit $24.95,
o | wired $39.95.
O 1 MODEL 3465
===t 3 Channel.

Kit $49.99, Wired $69.95.

STROBE LITES
Burst of white light flash in
cadence of each beat of audio.

Model 3470
Adjustable Rate
Kit $29.95,
Wired $44.95
Model 3475
Audio Actuated.
Kit 539.95, wired $59.95.

{ AUTOMOTIVE

©orrey, EICO 889 Solid State
Capacitive Ignition
System.
Boost gas mileage up to 25%,
lite of points. piugs to 100.000 miles;
Kit $29.95, wired, $39.95.

EICO 888 Solid State
Universal Engine Analyzer.
Tunes and troubleshoots
your car/boat engine, the
totaily professional way.
Kit $54.95,wired $75.95.




It tells you more than how much you make. It tells
you how far you've come. And if your paycheck
looks very much the same as it did last year, or the
year before, it simply means that you look very much
the same as you did last year and the year before.

er But times change, and you should be changing with
them. Old dull jobs are disappearing. New exciting

ones are being created. There are challenging new
fields that need electronics technicians...new ca-
reers such as computers, automation, television,

space electronics where the work is interesting and
sm a the earnings are greater.

RCA Institutes has one of the nation’s largest and

most respected home study schools devoted to
electronics. They can get you started even if you've
had no previous training or experience. RCA Insti-

tutes has developed a faster, easier way for you to
gain the skills and the knowledge you need for a
fascinating, rewarding electronics career. And you
don't have to quit work and go back to school. With
RCA Institutes Home Study Plan you can do both.
You set your own pace depending on your schedule.

Check over these RCA benefits:

* You get Hands-On Training—over 300 experi-
ments and as many as 25 kits with some pro-
grams.

* You get RCA's unique '‘Autotext” method of
learning—individual programmed instruction, the
easy, faster, simplified way to learn!

* You get the widest choice of electronics courses
and programs—everything from Electronics Fun-
damentals right up to Solid State Technology
and Communications Electronics.

¢ You get a selection of fow-cost tuition plans!

Sounds great, and it is! For complete informa-
tion, without obligation, send in the attached
postage card...or return the coupon below.
That will say a fot about you.

Veterans: Train under new Gl Bill. Accredited Mem-
ber National Home Study Council. Licensed by N.Y.
State—courses of study and instructional facilities
approved by the State Education Department.

if reply card L I = S
is detached— I
send this
i ‘°°a¥ Institutes

Home Study Dept. 246-003-1 I
320 west 31st Street, New York, N.Y. 10001 I
! Please rush me FREE illustrated catalog.
| t understand that { am under no obligation. I
Name Age
(please print) I
Address._
City. - State_______Zip I

ELEMENTARY ELECTRONICS (vol. 11, No. 1) is publishcd bi-monthly by Science & Mechanics Publishing Co.. at 229 Park Ave., S. New York,
N.Y. 10003. One¢ year subscription (s-l 159Uci)—$4.00. Second class postage paid at New York. N.¥. 10003 ann at additional n'mnlma ';mces
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KIT-BUILDER'S CORNER

33 e/e builds the finest color TV kit you can buy—Heath’s Model GR-370
gilds the tri-color lilly with performance and features you can't beat!
SCIENCE FEATURE
27 Prophet of the Space Age—Rocketry pioneer Robert Hutchings Goddard
foresaw the flight of Apollo 11 over 40 years ago!
CONSTRUCTION PROJECTS FOR YOUR HOME AND SHACK
41 Learning New Tricks From an Ancient Rig—grandpa cut his cat whiskers
on this once-famous receiver
53 Quad Mix—a 4-channel mixer that adds audio versatility the IC way
BEGINNER'S GUIDE TO RESISTING THEORY
63 Ten Timely Tips For Resistance Measurement—ten more reasons why the
VOM is an electronics hobbyist's best friend
75 The ABCs of Wheatstone's Bridge—Christie discovered it—Wheatstone
popularized it—and your VTVM works because of it
FROM e/e’'s CB DESK
68 Kathi's CB Carousel—‘‘Courier Citation’ transceiver reviewed
DX/SWL FEATURES
16 DX Central Reporting—are QSL’s harder to get these days?
59 DXing Russia’s Other Voices—there’s more to the Soviet SWL scene than
Radio Moscow
BONUS SCIENCE FAIR PROJECT
47 Liquid Noise Generator—an updated version of granddad’s original science
3% project
TOWARD A BETTER UNDERSTANDING
52 Clipbook circuits—an economy cpo and a fantastic fuzzbox
81 Basic Course—understanding RL circuits
A NEW—AND FREE-—SERVICE FOR OUR READERS o,
17 Reader Service Page—to learn more about the - .
products and services you've seen B=—
WHAT'S NEW AND DIFFERENT
14 Bookmark-—by Bookworm ‘).
10 Hey, Look Me Over—new products P,
23 Literature Library—more from your mailman HIGHIEIDELITY
REGULAR DEPARTMENTS
8 Random Noise-—the boss takes a look at Japanese
products
22 Stamp Shack—pure philatronics
24 En Passant—Ilastly, it's his move
74 e/e Etymology—amorphous, ruby, and strobe ex-
g plained -
78 Great Men of Science—Enrico Fermi -
Cover 78 Newscan—all that fits that's news to print
Highlights | 30 Ask Me Another—our editor’s q&a
AUTHORS IN THIS ISSUE
Cover Photo toseph J. Carr, John Collins, Norman Cranford, Webb
3arrison, Charles Green, W6FFQ, Don Jensen, Marshall
Leonard incoln, W7DQS, Kathi Martin, Jack Schmidt, Art Trauf-
Heickian fer. and the ELEMENTARY ELECTRONICS' editorial 14
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Just a few reasons why

Allied Radio Shack is the leader

We engineered and designed every product you see here. Our
brands and ours alone, priced with built-in "discounts”, and sold
and serviced by us from coast to coast. There's a 'Shack 'near you—
come in and see these exclusives and 1000's more!

Science Fair Metal
Locator Kit. Have fun
finding treasure! Tells
you where to dig for
buried coins, relics

Knight-Kit Auto Analyzer. Elimi lewelry or ? Pitch in
nate costly car tuneups!' Spot earphonesincreases
bad parts. make adjustments as you near anything
electronically with this universal metallic. Portabie Realistic Ham-SWL
tester. Portable. solid state. solid state. battery SSB-CW Receiver

4995 powered. Fun 10 build,
too. Good Hunting!

Tune in the WORLD with our
DX-150A. 535 kHz to 30
MHz. Solid state. Find out
what we mean by “the one
with guts

battery powered

Micronta Pocket Multi-

Allied 5-band AM/SW

Receiver tester. Only 3-1/2 x
London, Paris, Hanou. 2-1/8 x 1" Reads AC Realistic Police Receiver
Moscow - hear ‘em all. DC volts. DC current Hear tire calls, ambulances
in  Enghsh! Gets your 1000 ohms per volt Gov't. weather, business. Two
local DJ too! Solid state Leads and battery in front ends for 30-50/152-174
79.95 cluded! Factory wired MHz. For car or home--our
at a "kit” price. 5.95 ‘Patrolman” PRO-2 99 95

New 460-page Catalog'
RADIO SHALK

FREE at our stores' Or $1 by mail; send to
Division of Tandy Corp

2725 W 7th St.. Fort Worth, Texas 76107 Dept. EG
865 Stores Coast to Coast
Look us up in your phone book

Name (print)

Street
"y State 2ip
CIRCLE NO. 3 ON PAGE 17
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h - A
PSYCHEDELIC LIGHTING HANDBOOK

100 Information packed pages!
Fully explains latestinpsychedelte
lighting equipment, techniques,
developments. Covers all facets of
psychedetle light-show produetion
including strobes, black lixhts,
! projectors, erystais, organieslides,

“SSS mirrors, color organs, polarized
- color. light boxes. MusicVision,
ete. Shows how to ''‘peychedellze’’
parties, musical groups, shows or

SN 24T now to set up ‘electric trips’

for sivate -n.-uln-'. 1" * looseleaf paper.
cpl g! KL B X L1% lo pap $3.00 Ppd.

1st COMPLETE CRYSTAL SLIDE SET!

Five brililantly colored erystal
stides creale dramatie  effects.
FIL 35mm slide projector. Add
polarizing tplnnor-dellcne. cTYys-
¥ talline patterns appear to move,
change coloxs jets contain

ypes of etals: 4 Resorcinal
Slrdes—brlll -muv colored. wispy
atterns: 1 Acetanilide Slide—

ayed and rluln brown & pu le

§ muterlal—less than
thie

No. p-a1.382EK. Set'a $10. Ppd.
No. F-41.381EK $10. Ppd.
MOTDRIZED FOL‘\RII‘D SPI\NER KIT

Stock No. 71,132EK I TR

LONG-WAVE BLACK LIGHT FIXTURE

B Extremcly versatile. vompacuv
designed, long wave (3200-4000
angs«iroms) Dblack light (ultra.
violet) fixture. Has 8-watt. 110-V
lamo \vhh budit-in Alter—climl.
nates harmfuj shorter wave ultra.
viotet rays. Use to identify min-
erals, fungl. bacteria—check for
surface flaws, oll and xas leakage
—perfect for displays with fluo.
rescent paper. paints. ehalk. cra

ons. truce powder. Inel. adjustable
nlllmlnuvn refiecior. push-puil

h. connecting plug. Mount
vert., horr., or on comer. 10% L.. llh' W.. 114"
Stock No. 70.35 E B ..$12.00 Ppd.
No. 60,124EK (Replacement Bulb) .% 4.50 Ppd.

1st LOW-COST XENON STROBE'

Price hreakthough bright, re-
luble electronie strobes, 50V
econd Xenon tube. Variahle flash
to 5 per minute.
l,onu life—more !han 1. n(m 000
ftashes. Printed cireuit hoard de-
sjn. Safe, durable Bakellte case.
Externally mounted bulbh. plusuc
shleld. 614X334X2%, 14 oz. Per-
fect for paychedelic, stop-action
jighiing effects for home light
shows, parties. dis Iu;
Stock No. 71.342E 4.9S Ppd.

.$19.95 Ppd.

BUILD IT VOURSELF SYROBE KIT
Stock No. 71,343E s

ECOLOGY KITS FULL OF LIFE'

Man's survival depends upon
suitable ecological balance. These
5 well plunned. experiment kits
explore different portitons of en-
vironment—introduce factors on
whieh nnluual balances rely.
Perform numerous experiments
with m-nlen!.als ineluded (+ few
avall. locully). Compl, instruet
Perfect l‘nr everyone alive,
GREEN ;EAV S
£

=71.38 o $5.00 Ppd.

|l WATER LIFE
27N 3545!( $6.00 Ppd.
1.35SE .PREDATOR 'ﬂEV . .%$6.00 Ppd.
1.356E LIFE MOVERS . $5.00 Ppd.
3S7E .$%.00 Ppd.

L3
K
K LIFE FROM DEATH .

VISUAL EFFECTS PROJECTOR SET

Fantastie  variety Incredibly
heaull[ul Create  floating. ex.
P odlm: fiery bursts of colm- like
‘-Symphony of Spheres. **Chro
matie snrhurbls < r-Crystal Star.
burst.’”” Features 35mm 500 W
fan  cooled pruJector—(xroducu
big image at short distance. Ae.
cepts Lwo 9”7 diam. wheels 1Dr5.
Kaleldescope & llexidoscope),
evlindrieal accessories (87 Col-
ored Cloud & 57 Hexidoseope
w/six Internal mirrored walls)

Stock No. 71. 2!2: i+ .$79.50 Ppd.
by Sto. M.0.— onny-saek Guara

EDMUND SCIENTIFIC C(l 300 IDSCORP BLDG., BARRINGTON, nN J. 08007
EE GIANT-CATALOG

148 PAGES!—1000's OF BARGAINS

EDVMUND SCIENTIFIC CO.. 300 EDSCORP
BUILDINC. BARRINGTON. NEW JERSEY OBOO7
Completely new editlon. New items. categories, illus.
trations. Dozens of electrical and electromagnetic pnrt-z.
accessorles. Epourmous sclection of unique lighting

it Astronomical Telescopes, Microscopes in

furs, \lnsrn fierm. Mizmet Len.n: Prisms \Inn)’
w nrplus 1tean Tor hohby men ork,
want 'FoR CATALOG “EK.S

300 EDSCORP BLOG.
TIFIC CO. SARRINGTON, NEW JERSEY 00007
$TOCK NUMBER - SOMD CHECK OR MONIY OSDIR - MONEY-BACK GUARANTEE
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Only RCA Institutes
offers you all
these advantages:

] A broad range
of courses to
help you qualify
for good-paying
jobs in such re-
warding fields as
communications
color TVservicing,
automation,
nuclear instru-

If you've ever thought
about getting into
electronics...

you owe it to yourself to

see what RCA home
training has to offer.

MENAtiON, SPACE o e e e e e e e e e et e e e e e g

electronics, draft-
ing, computer
programming.

RCA’s exclu- I
sive Autotext
training method— I

the easy, faster,
simplified way to
learn electronics
at home.

3 Personal
supervision
throughout your
training.

Over 300
experiments

T S Em—T T mm—

This entire fold-over coupon makes a no-postage-required
business-reply envelope. Fill in your name and address
then cut out along dotted lines...fold, seal and mail.

246-003-9

RCA INSTITUTES, Inc., Home Study School

320 West 31st St., New York. N.Y. 10001

Please send me free illustrated home study career catalog.

Name Age
{please print)

Address

City State Zip

[0 Check here if interested in’Classroom Training.
{3 Veterans check here
NO STAMP NEEDED

and up to 25 kits You must seal (Staple, tape or glue) before mailing.
nsome programs )
I g I l FOLD HERE DO NOT CUT HERE
Easy !
monthly pay- I
ment plan. I FIRST
CLASS

ﬁ Over 60 years l

Permit No. 10662
New York, N.Y

of leadership |
in technical !
training. I

Recognition

BUSINESS REPLY MAIL

No Postage Necessary it Mailed in United States

from leaders
in the field as an
RCA Institutes I
graduate.

All courses ap-
proved for veterans.
Licensed by the
State of New York.
Accredited Member
National Home I
Study Council.

Courses available I 246-003-9

in Canada too. L————————————_———

MARCH-APRIL, 1971

Postage will be paid by

“G" INSTITUTES

Home Study School
320 West 31st St.
New York, N.Y. 10001

IO
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olden Jubilee Edition
1971 Catalog

468 PAGES

Stereo Hi-Fi m Citizens Band
® Ham Gear m Tape Record-
ers ® Test Equipment s TV
and Radio Tubes and Parts
e (ameras ® Auto Acces-
sories ® Musical Instruments
® Tools ® Books

rom the "World's Hi-l'i & Electronics Center'”
Everything in Electronics for

s HOME s INDUSTRY s LABORATORY

Lafayette Radio Electronics
Dept. 25031, P.D. Box 10
Syosset, L.l., N.Y. 11791

Send me my FREE Gotden Jubilee Edition 1971 Catalog

Name i

Address
City

FREE NEW CATALOG

CB MOBILE ANTENNAS

The equivalent of 78 new CB Mobile
-Antenna Systems to select from.

Get all the facts. Visit your local
Mosley Dealer, or write factory di-
rect, Dept. 204.

Mos/ooy st G

4610 N. LINDBERGH BLYVD., BRIDGETON MO. 63044

CIRCLE NO. 7 ON PAGE 17

The Editor talks up!
Julian M. Sienkiewicz, WA2CQL

EDITOR-IN-CHIEF

The public’s attitude toward foreign products
in the U.S. marketplace during the past ten
years has seen increased acceptance. For the
most part, more than half the American buy-
ers believe that Japanese products are vastly
superior to those made in Japan ten years ago.
| have singled out Japan because they have
made the greatest inroads in the American
consumer electronics marketplace during 1he
pasi ten years;, more so than German or Eng-
lish products.

Today, among the best consumer buys in the
photographic market are the Japanese products.
The same value-oriented philosophy is rapidly
coming true, if not already true, in the hi-h
marketplace. This is evidenced by brand names
such as Kenwood, Sansui, Nikko, Pioneer,
Sony, and many more. So, to discover for my-
self why this trend has come about, I visited
the Pioneer offices and warehouse located a
few miles outside of New York City.

Pioneer gave me complete run of their fa-
cilities to inspect anything and everything |
wanted without reservation. A quick tour of
the office showed that Pioneer was just like
any other American outfit—mini-skirted gals
racing around with orders and coftee cups.
Then [ stepped into Pioneer's warchouse.
Everything was as to be expected—they had
an incoming area. a Quality Control area. and
a shipping area. It was the QC area that
raissd my eyclids. For Pioneer, QC really
stands for Workbench Business. There is no
relying on the parent company in Japan to
certify that the product is in good operating
order. Each and every hi-fi component is re-
moved from its case and made to perform
under lab conditions to an engineer's satis-
faction. (AIl it takes is onc carton dropped
by a shipper to damage a component's panel
light or fuse element.) Although many de-
fects are not serious, Joe Consumer wants his
shiny, new unit to work perfectly when he
opens the carton. Pioneer’'s QC sces to this!

In this Nader age of consumer product re-

0000000
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jection, Pioneer and other Japanese companies
are making inroads into the American home
because they seek to deliver a quality product.
You can be sure that the general consumer
would not plunk down $350.00 for a stereo
receiver if he knew the product was inferior
in manufacture or design. Japanese products
have come of age. Quality control. both here
and abroad, have given Japanese hi-fi products
acceptance in our audio marketplace

Let's not get petty in our approach to
foreign products. We prefer mostly Scotch

whiskey, French lace, Irish linen. Colombian |

coffee and ltalian shoes. We buy the best
because we somehow manage to make more
money than anyone else. And the reason we
make the most money is because we export
products resulting from our superior tech-
nology. If we were to stop trading with the
world, the world would stop trading with us.
The next time you make a purchase, do not
think about country of origin, think about
getting the best possible product for your
dollar!

i's His Move! With heavy heart I announce
the parting of Mr. John Collins from our
staff of expert columnists and the end of En
Passant, our chess column. Recently, we sur-
veyed our readers through several avenues
only to discover that En Passant was the least
read column in ELEMENTARY ELECTRONICS.
No. I'm not saying John's column was the
worst of the lot, in fact, it was great. As a
chess player | enjoyed it and so did a select
few of my readers. However. my duty is to
serve all of my readers. Hence. En Passant
must go its own way without assistance from
our magazine.

John Collins is man of many hats and he
writes for other chess magazines. Why not
write to him, care of this magazine and tell
him how much you enjoyed his column. If
you care to ask, he will tout you on some
other publications that may be just as re-
warding to your chess habit. a

TR " " T

b

T

N

: “This old bluck-nawhite TV doesn’t throw
. enough light to see my homework!”
Iy LT LT UL 1l
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another great
new idea

reversible
ratchet handles

for Xcelite “99" tools
S O & O 6 0 O © e

These two unique plastic (UL) handies extend
the usefulness of all Xcelite Series ‘99" tools,
make welcome additions to any 99" set.

Both regular (99-1R) and Tee (99-4R) types
accept more than 60 individually available nut-
driver, screwdriver, and special purpose snap-in
blades to speed and simplify assembly and ser-
vice work.

Fully enclosed ratchet mechanism is built to
highestsocket wrenchquality standards. Recessed
reversing shift operates at the flick of a thumb.
Patented spring chuck holds blades firmly.

nationwide avarlability through local distributors
REQUEST BULLETIN N670 Made in U.S.A.

r—— ——a
| |
| |
| XCELITE, INC. = 80 BANK ST., ORCHARD PARK, N.Y. 14127 |
| Send Bulletin N670 on Series ‘'99'" Reversible Ratchet |
Handles.
{ |
| name L ~ M
: ad_dress N o o B . :
| city state & zone |
(§=————s=——s = — T |
CIRCLE NO. 8 ON PAGE 1
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THOUSANDS OF BARGAINS | | |

TOP VALUES IN ELECTRONIC

Transistors, Modules, C. B., Speaker, Stereo, Hi-Fi, !
Photo Cells and Thousands of Other Electronic Parts.
Send for FREE Catalogue '

ELECTRONIC DISTRIBUTORS INC.
Dept. TA-2, 4900 Eiston

Chicado, H1l. 60630

RUSH CATALOGUE
S Showcase of New Products
City. . .....i i . dplme s v
; State Zip Code N Pop Light
Circle No. 9 on Page 17 Edmund Scientific Co. offers a whimsical se-

== = tection of Kinetic Art Form Action Lamps to

> Of The WORLD’S add zestful change to your home atmosphere

’ FREE Cctclog ALIIARABE | [f you are minus the joys of a comfortable firc-

ll SURPLUS ELECTRONIC BARGAINS place, you can select an Action Lamp that will

\ soothe and delight you with its changing light

. ,'- Now BIGGER and 0 and color. Or if you need to add a new sparkle

N /o BETTER Than Ever! |, your old decor an Action Lamp can turn
| o == = 'MAIL THIS COUPON NOW~™ — —|
I K NAME: :
: ADDRESS = —
| eIty STATE zip i

For your FREE copy, fill out coupon and mail. Dept. TV

FAIR RADIO SALES
1016 E.EUREKA * Box 1105 * LIMA, OHIO * 45802

C|rcle No. 10 on Page 17

FIND BURIED TREASURE

Powerful electronic detector
finds buried gold, sitver

coins, etc. 5 new model: : Edmund Kinetic Art Form Action Lights
_Write for'tree calalog

the trick. And if you have restless teenagers
eager for ideas and challenge get an Action
Lamp kit to absorb them. The cool looking
33 . ‘AtmoSpheres’” are globe-type models available
Circle No. 11 on Page 17 | as tablelanps in 8”, 12”, 16” and 24” diameters

with chrome bases. The two largest sizes which

“LISTEN IN" T0 POLICE - FIRE .RADIO CALLS IN Y(lUR CAR! have plastic globes and are motor driven are
WORKS with ANY CAR—Porabic o HOME [ — also available as hanging models while the 8”
e Tien inktant and 12” diameter globes feature glass globes
and are heat driven. They retail from $31 to

n- m. 2 nau u[: Hw nllv (lom
regutar to AL OLICE FIRE EME
CY-COMMERCIAL-TAXICAB-STATE- C|TV il

GOV'T 2 v -y Radio calls in VOUR AREA. . . . . .

BuatL: Sbén v MlnLL':ON “ndmw .m.,..s $115 depending on size. More info is available
LR -t e from Edmund Scientific Co.. 380 Edscorp Bldg.

SEND ONLY S2. 005:3..\";5“-““' ‘L 'c"o"b' .,‘;’:i & tena p bide

1
56.99 for ppd Del In USA. COILIP..E TE. ready to use with iIn-
%_(;u;ﬂons. ne Year Aservlce \;arm Uy — 0 DAY MONE BACK

( ntd) FER by m
WESTERN 'RADIO Dept:  BE-3, KEARNE NEBR. 68847

Circle No. 12 on Page 17

Barrington NJ 08007
‘ Circle No. 32 on Page 17

— ——————— | Fast Count
PARTS! The new Heathkit IB-101 frequency counter
& “, ¢ | uses computer-type integrated circuitry to pro-
& Send For~ 4 36 per vide accurate counting from | Hz to over 15
CORNELL' S bt | MHz without any special test gear adjustment.
Ng‘”tﬁo'o' tube erRDKRSNFIl:EPEw | An overrange indicator and Hz/kHz switch
20 ,zf :"?,"m AN LOTS OF 100 ,,."‘,’} HOURS! give the IB-101's five cold-cathode display

tubes the same capability as a much more ex-
LACN LIV VLRIV IR IR | pensive eight-digit counter. Readings to the

Circle No. 13 on Page 17 | nearest kHz are made with the range switch
10 ELEMENTARY ELECTRONICS




Heathl:it I1B-101 Frequency Counter

in the kHz position. Pushing the range switch
to the Hz position allows reading figures down
to the last Hz. The overrange & Hz/kHz in-
dicators light up 10 give error-free frequency
measurement and correct range al all times
And it's only $199.95 in kit form. Get all the
dope from The Heath Co.. Benton Harbor
MI 49022.

Circle No. 33 on Page 17

This Beep is Clean

Two head cleaners that signal “enough™ when
they have done their work, and a versatile five-
way test-and-clean unit are available for the
increasingly popular eight-track cartridge play-

. INDUSTRIAL CATALOG
~ —f ORDER DESK AT EACH
: /> OF THE 850 ALLIED

(e }I
1 = RADIO SHACK STORES

ALLIED ELECTRONICS

A Subsidiary of TANDY CORP.
2400 W. washington 8ivd
Chicago. lil. 60680

I
|
I
|
¥
L]
|
I
L.

Now Available —~ the ““Most Wanted”
Catalog in the Electronics Industry

THERE'S AN ALLIED ELECTRONICS I el i~ Iy 2

| Gentlemen

| Please Send Me a Copy of your
| New 1971 Catalog No. 710

IhkkAE Ak h kAR AR A KRR Rk ek r ket krkrrrners A Roundup of New Products!

ers. All three products by Robins are actually
housed in standard eight-track cartridges to
make it easy to get the best possible results.
Model THC-9, listing at $2.50, is a head-and-
capstan cleaner cartridge. with pre-recorded
‘becp” tones. Its specially formulated cleaning
tape is permitted to run, removing accunuilated
oxide, grime anjd dust particles, until four
beeps are heard. The recommended usage fre-
quency is every 20 hours of player operation
Model THC-10, listing at $3.00. employs a
special non-abrasive polyestcr tape to clean
cartridge player heads for optimum sound fi-
delity. It talks with clicks, and is permiited 10
run until four clicks are heard. Then the clean-
ing job is done. The five-way ~“Test-N-Clean
cartridge is Model THC-11, listing at $5.30. To

Get the most complete, most factual,
most wanted catalog in electronics
today! Allied Electronics’ 616-page
book is your buying guide to every-
thing in electronics. It's backed
by the fastest sefvice  pos-
sible plus the full resources that
have made us THE electronics supply
house in Ihe country for 50 years
Send for your catalog today!

I Enclose $2.00 (Credited to my first Order) ™,

1
|

I
NAME I
TITLE. |
COMPANY |
ADDRESS i _
|

CIRCLE NO. 14 ON PAGE 17
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A Complete Course in

ELECTRONIC

COMPUTERS
for only $2.95!

You get all the basics you need — at your own
pace — whether you're entering the exciting
computer field or your work is affected by
computers. This giant book has all the latest,
step-by-step learning aids; nearly 200 dia-
grams and circuits; full data on digital and
analog computers — covering math back-
ground, servomechanisms, digital computer
logic, programming, control and communica-
tion. PLUS handy glossary, self-review tests,
summaries. All at a fraction more than a
penny a page

A Complete Course in

ELECTRONICS
for only $1.95!

From fundamental electronic principles and
devices right through their application in op-
erating circuits, this famous, bestselling book
covers everything — with major sections on
electron tubes and transistors, amplifiers, os-
cillators, radio, TV, radar and electronic navi-
pation, high fidelity, detection systems. With
227 diagrams and circuits — 191 big pages.

== UNCONDITIONALLY GUARANTEED!— — —
Elementary Electronics Book Club
I Dept. 373
229 Park Avenue South, New York, N.Y. 10003
Please send me () ELECTRONIC COMPUTERS @ $2.95
[J ELECTRONICS MADE SIMPLE @ $1.95
I 1’m enclosing my check or money order for the fwlce of

each book ordered, plus a 15¢ shipping charge. 1f 1 wish,
| may return the book(s) within two weeks for a prompt

|
|
SO ——

l refund

l NAME —— i

l ADDRESS _
city. STATE UP
Offer available in U.S. only.

e e e e e e e e — — — —— —

Hey, l00k me over sxxxsxsxrsras

help Kkeep equipment trouble-free, it performs
these vital functions: testing track selector, test-
ing stereo channel balance, testing speaker phas-
ing and testing head alignment to assure full fi-
delity playback without crosstalk. THC-11's
fifth task is to clean player heads while it is
testing. Robins, whose home office plant is in
College Point NY 11356, is a major single-
source manufacturer of cassettes. cartridges.
reel-to-reel tape and cassette, cartridge and
phon accessories. Look for them on racks at
vour favorite hi-fi dealer

Circle No. 34 on Page 17

Zap—Your Clean

Formulated especially for difficult TV tuner
problems. new Magic Vista golden foam tuner
cleaner from GC Electronics Division of Hy-
drometals. Inc., is packaged in a handyv. versa-

GC Elecironics Magic Vista Tuner Cleaner

tile. 8-ounce aerosol can. Included with the
dispenser is a plastic spray extension tube to
help reach into tight places. The aerosol can
features a new. any-angle constant discharge
valve that lets the technician use the spray re-
ardless of the can's position—even upside
down! The special golden foam formulation
cleans. polishes and lubricates TV tuner con-
tacts without running off or evaporating. The
chemical is completely safe for plastics. Retail
price of the 8-ounce aerosol can (Catalog No.
10-800) is $3.85. GC Electronics manufactures
a full line of electronic components. accessories
and hardware for use by hobbyists. consumers.
service technicians and industrv. Available at
most clecironic parts store.

Circle No. 35 on Page 17
Cassette Player with Dolby

Fisher Radio has added the RC-80 cassette
(Contined on pace 97)
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You build your own digital computer step-by-step,
CifCUI\-by-Cil’CUil. You really get involved as you learm com
puter organization, operation and programming with this remarkable
new training aid. It performs the same functions as bigger commer-
cizl computers—and it's yours to keep and use.

What better way to learn all about computers than to ac-
tuaily build and use one? That's exactly what you do in NRI's
new Complete Computer Electronics home training program,

What you see illustrated may very well be the most unique
educational aid ever developed for home training. This is not
simply a “logi¢ trainer.”” It is literally a complete. general
purpose, programmable digital computer that contains a
memory and is fully automatic. It's a small-scale model of
larger. expensive commercial computers. Once you build it
and it is operational. you can define and flow-chart a problem,
code your program, store your program and data in the mem-
ory bank. Press the “start” button and. hefore you can remove
your finger, the computer solves your problem and displays
the results.

NRI is offering this new course hecause this is only the be-
ginning of the "Computer Age.” The computer industry con-
tinues to leap ahead. Qualified men are urgently needed. not
only as digital technicians and field service representatives,
but also to work on data acquisition systems in such fascinat
ing fields as telemetry, meteorology and pollution control.
Office equipment and test instruments also demand the skills
of the digital technician. This exciting NRI program can give
you the priceless confidence you seek to walk into a techni
cian's job and know just what to do and how to do it.

You learn with your hands as
well as your head planned from the beginning to

include training equipment in the pioneering NRI tradition,
this exceptional new course combines kits with etucator-ac-
claimed NRI “bite-size” texts in an easy-to-understand pack-
age. But. unlike other home training. this is not a general
electronics course. Lessons have been specifically written to
stress computer repair. You perform a hundred experiments,

N Ew ter)gl:rl;[llrr\] g trc])otr)neea

COMPUTER
TECHNIGIAN

NRI program includes a
complete, operating computer,
with memory, to make you
thoroughly familiar with
computer organization,
design, operation, construction,
programming, trouble shooting
and maintenance.

build hundreds of circuits, use professional test equipment.
You build and use your own solid-state, transistorized volt-
ohmmeter and your own oscilloscope in addition to your digi-
tal computer. Because you work with your hands as well as
vour head, your training is as much fun as it is education.

Train at home with the leader

There is so much to tell you about this latest NRI “first” in
home training. you must fill out and mail the coupon today.
Get the full story of Complete Computer Electronics and the
amazing digital computer you build and use as you learn. The
free NRI Catalog you receive also tells you about other NRF
training plans in Color TV Servicing, Communications, Elec-
tronics Technology. There is no obligation. No salesman will
call on you. NATIONAL RADIO INSTITUTE, Washington.
D.C. 20016.

TP T r T T r Y r Y rr T
MAIL NOW FOR FREE CATALOG

2 NATIONAL RADIO INSTITUTE
m, Washington, D.C. 20016
E Please send me your FREE CATALOG with de-

tails about new Complete Computer Electronics
training. (No salesman will call)

95-031
Name — —Age..
Addr —— —_—
City _State___ Zip.
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

r-----

CIRCLE NO. 21 ON PAGE 17
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BOOKMARK

BY BOOKWORM

1262525252525d520252525!
RCA Did It Again
RCA’'s Linear Integrated Circuits manual

(1C-42) has been extensively revised and cx-
panded to cover the latest innovations in IC
technology and applications. The jumbo 416-
page manual may be used as a guide for circuit
design. It is also helpful 10 educators. tech-
nicians and hobbyists who have a basic un-
derstanding of solid state divices and circuits.
The basic fabrication, packaging, mounting.
and interconnection techniques are explained
and the fundamental building-block elements
. for linear monolithic in-
Linear tegrated circuits are ana-
Integrated  1yzed. The RCA Linear
Circuits Integrared Circuit manual
is available from RCA
distributors and etectronic
parts stores or write (o
RCA Commercial En-
gineering. Harrison. N.J
07029.

: Soft cover
- 416 pages

[ S - 0280504 $250
Circle No. 42 on Page 17
Who's That Breaking in My Door?

Electronics in hi-fiy TV and radio are no
mystery to us. However, the operating prin-
ciples of electronic devices and systems used to
provide security against crime are practically
unknown to most hobbyists. That's why John
E. Cunningham wrote his latest title Security
Electronics. The text describes intrusion alarms
and  intrusion-detection
devices. Included are
chapters on detection of
hidden metal objects, an-
nouncement of detected
intrusion, bugging, debug-
ging and speech-scram-
bling systems. and future
developments. The ap-
pendix describes one of

Soft cover
160 pages
$4.50

the more recent developments in electronic
components. the integrated circuit, or IC, whose
microminiature size may make possible further
advances in electronics security. Published by
Howard W. Sams & Co., Inc.,, 4300 W. 62nd
Street, Indianapolis. IN 46268.

Circle No. 43 on Page 17
Fast TV Servicing

Every pro service man and do it yourselfer can
use an on-the-spot repair guide with quick-
reference charts specifically designed as a
trouble guide for the outside technician. That's
exactly what vou get with Home-Call TV Re-
pair Guide by Jay Shane. With this handy.
quick-reference home-call troubie guide. any
technician will be able to increase his ability
to complete more service calls per day. The
book is arranged in logical reference sections
—covering raster, video. chrominance, and
other circuit troubles—to guide the reader
right to the cause. By simply comparing the
symptoms in each case with the handy charts
' in the guide, the techni-
cian is guided. step by
step, through quick checks
for the most logical
causes of any malfunc-
tion. In minutes he can
tell whether the set can
be repaired on the spot
or if it's a bench job.
Published by Tab Books.
Blue Summit, PA 17214
Soft cover
144 pages
$2.95

*

Circle No. 44 on Page 17
For the Want of a Transistor

You almost never have the transistor specified
for a project. but you may have its replace-
ment in your spare parts box. You can find
out quickly by thumbing through Direct Tran-
sistor Substitution Handbook, by H. A. Mid
dleton. A complete, up-to-date reference for
technicians, hobbyists and circuit designers. the
guide provides computer-
selected substitutes for
transistors used in enter-
tainment, industrial, and
A% commercial  equipment
Close, conservative toler-
ances yield almost 130.000
substitutions. each graded
from “good” to “best.”
All substitutions are di-
Soft cover

224 pages

$2.95

(Continuned on page 100)
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COMMUNICATIONS WORLD is
dedicated to the radio
listener, whether he be
tuning in the broadcast
band, FM, long wave,

shortwave, police emergency,

aero band...even television
channels for DX.

PICK UP
YOUR COPY
AT YOUR
LOCAL
NEWSSTAND

COMPLETE DX GUIDE AVAILABLE

This will be the first time in many years that the com-
plete WHITE'S Radio Log for the North American con-
tinent has been published in one volume. It will give
you a quick and easy reference to pick up those hard-
to-locate stations any place in North America. There is
also a tremendous coverage of shortwave . .. special
editorial articles are under the guidance of Don Jensen,
our DX Central columnist in Elementary Electronics.
This complete coverage of every facet of DXing in a
complete and thorough manner will be of demanding
interest to shortwave listeners.

HOW TO GET YOUR COPY
Communications World will be available at your local
newsstand on January 15, 1971 for only $1.25. I'm sure
you won't want to miss this special edition, so be sure
to ask your newsstand dealer for your copy . ..or, to
be sure you don't miss getting ‘‘C.W.””’, use the handy
coupon, at right, to order yours. Postage is on us.

So HURRY, Mail Coupon Today

MaRrcH-APRIL, 1971

Communications Worid Dept.367
229 Park Ave. South
New York, N.Y. 10003

Please rush me my copy of Communications
world for only $1.25. Postage is on you.

Enclosed is $. for copies
Name__ —
(please print or type)
Address
City State Zip

[1 SAVE! SPECIAL OFFER: Order 2 copies of
“C.W." for only $2.00 (you save 50¢). Extra
copies are handy for car or workshop.
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DX central

reporting

A world of SWL info!

BY DoN JENSEN

re QSL's harder to get these days? Opinion
A seems to be divided. There are those DXers
who claim that stations are slower to answer
correct reception reports than they used to be.
They theorize that foreign shortwave broad-
casters are receiving more reports of reception
than they used to and as a result. find it harder
to come up with the manpower. time and
money needed to verify them. And, they argue.
apparently with some merit, that many poor re-
ports received by these stations tends to turn
them off, make them reluctant 1o QSL!

On the other hand. there is evidence that
many shortwave stations, even some of the real
toughies when it comes to verifying. do appre-
ciate good reception reports and will reply
with QSLs.

A good report. of course. will include all the
important details. date. time and frequency.
plus a useful description of conditions of re-
ception and. most importantly, a list of items
logged which will prove to the station you ac-
tually heard them. And. a good report will in
clude your own personal reactions. your com-
ments on programming heard. some back
ground about yourself. your interests in the
hobby and anything else that will give the sta-
tion the idea that there is a real human being
out there who is interested. In short. a good re-
port will be correct. useful and, hopefully will
stand out from the rest of the listener mail
received.

In practice, it pays off. Here are some of the
raries that have QSLed good DX reports re-
centl:

Remember Chicom I. the first Red Chinese
space satelhite that was launched last April and
circled the earth for about a month. broad-
casting telemetric signals and the revolutionary
tune. “The East is Red?” A number of U.S.
SWL's managed to hear these broadcasts on
20.009 kHz. as the satellite passed over the
States. But. many wondered. was it possible to
get a QSL for reception of this signal from
ouler space

A few thought it was, and using the suggested
address given in this column some months back.
sent their reporis to the Chinese Academy of

o >y
g S s PR AV e *s

Science in Peking. the governmental agency
that is responsible for scientific development
behind the Bamboo Curtain.

It worked! At least eight DXers. from whom
we've heard, including Alvin Sizer of Connecti-
cut and Rhode Islander, Hank Michalenka. re-
ceived verification letters. in both English and
Chinese. from the academy, confirming their
loggings of Chicom 1.

The verification letters. in typical revolution-
ary style. called the satellite “a fruitful result
achieved by the Chinese people under the guid-
ance of Mao Tsetung thought and after being
tempered in the great proletarian cultural revo-
lution.

Propaganda aside. these rare QSLs are real
treasures to the happy recipients.

And, Radio Espana Independente. a long-
time communist voice of the Spanish Commu-
nist Party, which presumably broadcasts from
Russia, has verified some reports recently. Like
most clandestine operations, this one for years
seemed to be a dyed-in-the-wool non-verifier,
but now i has been replying with a very at-
tractive card designed by Pablo Picasso

REI uses a number of ditferent frequencies.
but 14.478 kHz.. has been reported by Wiscon-
sin SWL Gerry Dexter around 2000 GMT. re-
cently. Programs are. of course. in Spanish.
and reports should be sent to Radio Espana In-
dependente. Box 359. Prague, Czechoslovakia.
But don’t be surprised if your QSL comes back
from a postal drop in France. Confusing? Sure,
but that’s the way these secret stations operate.

Bandsweep. (Times in GMT and frequencies
in kHz)—900—Radio Barbados has shifted

(Continued on puge 99)
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Letter from Chinese Academy of Science veri-
fies reception of China’s 1st. broadcasting
earth satellite. Letter in English also sent.
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READER
SERVICE PAGE

e The Editor of ELEMENTARY ELEC-
TRONICS offers readers an easy way to get
additional information about products and

services advertised in this issue. Also, if you
would like more information about any new
product mentioned in our column "Hey,
Look Me Over,” it's yours for the asking.
Just follow the instructions below and the
material you requested will be sent to you
promptly and at no cost.

® The coupon below is designed for your conven-
ience. Just circle the numbers that appear next to
the advertisement or editorial mention that inter-
ests you. Then, carefully print your nhame and ad-
dress on the coupon. Cut out the coupon and mail
to ELEMENTARY ELECTRONICS, Box 886, Ansonia
Station, New York NY 10023. Do it today!

ELEMENTARY

| Void after May 30, 1971

ELEMENTARY ELECTRONICS
Box 886, Ansonia Station, New York NY 10023

Please arrange to have 1 2 3 4 5 6 7 8 9 10
literature whose num- 1) 15 13 14 15 16 17 18 19 20
bers | have circled at

right sent to me as 21 22 23 24 25 26 27 28 29 30
goontasdp?ﬁsiblﬁ,lun- 31 32 33 34 35 36 37 38 39 40
erstand thatthis s a = ) 4» 43 44 45 46 47 48 49 50

free service offered by
the magazine. 51 52 53 54 55 56 57 58 59 60

Name (Print Clearly)
Address

City__._ State Zip Code

Marcy-ApriL, 1971
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IX YEARS ON THE SAME JOB WITH NEVER AN ACCIDENT...
AND THEN ONE MORNING - ..

@) A CAVE-IN PUTMESIX FEET | |€)  IN THE HOSPITAL, T HAD I'D PASSED OVER DOZENS OF
UNDER FOR SIX LONG MINUTES PLENTY OF TIME TO THINK. I C S ADS IN POPULAR
AGAZINES. BUTISAW THIS
QUICK! GET WELL, NOwW'S | | M ONE IN A NEW ueurm
HIAA OUT OF A GOOD o ——
e To e | IE I C S SUCCESS PLAN...
[ \ SPARE -TIME TRAINING...
266 COURSES TO
™« CHOOSE FROM...THIS
! . COULD BE THE
l | g =N °0 ANSWER...WON'T

4 ) HURT TO
/-\“ | /) 797%'
A 7 \/‘{ﬂ‘

llv/'/?

SIX YEARS I'VE
# | BEEN BURIED
ALIVE IN THAT

SAME OLD
JOB, JANE!

1 CS CAREER KIT

Send coupon now...
get all three books

18 ELEMENTARY ELECTRONICS



FAST! M INTO
HYDRAULICS ALREADY.
AND L THOUGHT 1

SIGNING UP FORTHAT 1 CS
COURSE WAS THE SMARTEST
©  THING 1 EVERDID

161

ONE MONTH LATER... /- ioprns

AWHILE BEFORE YOU'RE BACK IN THE
FIELD. SOWE'LL FIX ATEMPORARY _/
&E.SK FOR YOU IN THE OFFICE

1M READY NOW,
MR.WALSH

YOU BACK ON YOUR FEET, JIM.ITLL BE

©HEY GAVE ME some SIMPLE
ASSIGNMENTS... AND I SURE
SURPRISED THEM!

THEN A FEW DAYS LATER,
MR . WALSH CALLED ME IN.. |

THAT EVENING, JANE AND 1
WENT HOUSE HUNTING

HERE AND PUTTING
YOU ON SALARY.YOU'LL-

BE GETTING ABOUT $20
MORE A WEEK. AND AT
THE RATE YOU'RE

GOING, 1 EXPECT -

‘“ !‘j }JIM, 1A\ KEEPING YOU
) 2

’LL HAVE TO
r~ RAISE THAT IN § To5%
SIX MONTHS

Ay
)
i
rd

OH,JIM! IT'S
A DREAM
HOUSE !

TOICS (TS A
"OREAM" THAT

HERE 'S WHERE YOU COME IN! LET 1€ S SHOW YOU THE WAY TO
MORE LAY, RAPYDO ADVANCEMENT, REAL JOB SECURITY!
MAIL THIS COUPON TODAY S

ICS

International Correspondence Schools
Division of Intext

“HOW TO SUCCEED"
A gold mine of ideas

CAREER CATALOG
Opportunities in tho
field that interests you most

SAMPLE LESSON
Shows the famous step-by-step
1 C S teaching method

ICs, Scranton, Pa. 18518
Canadian residents:

Send coupon 1o Scranton.
Our affiliate in Canada

will reply,

Take your first step ... mail this coupen today .
I'm interested in a program of independent study. Send me your free 3-booklet Success Kit: (1) “How to Succeed,” 30 pages of vaivable
job tips, (2) Sample teat demonstrating famous ICS method, (3) Catalog for subject checked below . . .

.. ICS, Scranton, Pa. 18515,

Approved for veterdns
for tuitien refund.

Accredited member,

inlerior Decorating
Sign Paintin,
Sketching &

Accounting (U.S. or Can.)
Cost Accounting
General Accounling
Practical Accounting

| Public Accounting

AUTOMOTIVE

ARCHITECTURE and
BUILDING TRADES

Air Conditioning

Air Conditioning Maint.
Architecture

Areh. Drawing & Design
Building Contractor

| Carpenter-Builder

& Refnishing

Diesel-Gas-Motor
Venicle Engines

Engine Tune-Uy
Transmission

Plumbing & Heating
Reading Arch. Blueprints
L. Retnigeration & Alr Cond. |

ART and DESIGN
[ Commercial Art

(] Business Law

Inventory Conlrol

| Purchasing Agenl

& Design
ainting
(3 Auto Body Rebuilding

Auto Mechanlc-Techn.

1 Auto. Electrical Techn.

Ui
Specialisl

| tndustrial Psychology

| Mamaging a Small Stare
| Personnel-Labor Rei'ns

:";’ Nat'l Home Study Council.
Mr. (Plesse print). N Age__ Easy pay-as-you-learn plan.
Special rates to members
Address Apt. U.S. Armed Forces.
ICS has over 266
City DIty AiplOSs| carser-related Courses
£ by, working Hours AM. fo P.M. c30588
ACCOUNTING Commercial Cartooning Relail Business Mimt. jm} Pm,umm!ni for High School General SECRETARIAL

Trathc Managemenl

BUSINESS: SALES
Creative Salesmanship
Real Estate Sales
Sales & Sales Mgmt.

CHEMICAL
Chemical Analyst
Chemicat Engineering

Digital Computers
(] Programming the 360
[ Programming the 1401

DRAFTING
Aircraft Cratling
Archilectural Drafting
Blueprint Reading
Design Dratting
Drafting Technology

Chem. Lab Technician 2
Electrical and Electronic
gf"‘:':c‘: g:::""";'l’.'“ (] Mechanicat [J Slructural

ELECTRICAL

ENGINEERING
ChL ol Electrical Engineering

Civll Engineering

Cargentry & Millwork BUSINESS S

3 3 h 3 Highway Eng. Tech. | Apphance Servicing

Heating & Ar Conditoning [ Adverirsing Sewer Plant Operalor Elec. Eng. Technician

:l r'xwml iatEen Advanced Management Structural Eng. Tech. fndustrlal Electrician
louse Ptanning.int.Design ) Bysic Management Surveying & Mapping L] industrial Maintenance

Plumbing Business Administration Water-Works Dperatos Eiectrican

Clerx-Typist
Secretary, Legat
Secrelary, Medkcal
Secretary, Protessional
Shorihand
Stenographic {J Typist
TV- RADIO-ELECTRONICS
7 Cable TV Instalier
Etectronics Fundamentals
Electronic Technician
General Electronics
Indust. Electronics Tech.
Radio Telephone License
Solid State Electronks
Telephony .
" TV and Radio Servicing
] with €quip. Training
WRITING and ENGLISH
English and Writing

High School Math.
High School Secrelazial
Miih School Vocational
College Preparatory
Preparatory Course for
H.S. Equivalency Tesi

MACH. SHOP PRACTICE
Machine Shop Praclice
Maintenance Mechanic
Reading Shop Prints
Tool & Die Maker

[ Welding, Gas & Elec.

MECHANICAL

[ Mechanicai Engineering
Alrcraft Mechanic
Boiler Inspector

Hydravlic, Pneumatic
Power .

COMPUTERS

(3 Fundamentals of
Computer Programming
COBOL Programming
Fortran Programming

otor Rep
Practical Electrician
Practical Lineman

HIGH SCHOOL
[ High School Business

i free-Lance writing
industrisl Instrumentation E
l Bt Desk Reading Improvement

ign
Power Plant l’nlln!elinl (3 Other (teii us)
uality Control
ool Design
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Philatronics Today!

8y Ernest E. Keur

® ® We've become so accustomed to radio—
in cars, at the office. at home and even in ele-
vators o fhigh-rise urban buildings that it
hardly seems credible that this form of com-
munications is a mere 50 vears old.

® As far as we know, the world's first public
broadcasting transmission took place down in
Buenos Aires, half a world away. A stamp, is-
sued by Argentina on August 29, 1970, recalls
that memorable night with a special 20 centavo
stamp multicolor. It depicts an antiquated horn
receiver and a series of arcs to suggest radio
waves as lithographed at the Casa da Moneda
or state mint.

@® Marconi had been pioneering and experi-
menting with wireless for a number of years be-
fore the scientific invention was put into com-
mercial use The instrumenis were primitive:
the transmissions. weak.

It was on the night of Aug. 27. 1920. that
Hams Drs. Enrique Telemaco Susini, Miguel
Musrica. Cesar Jose Guerrico and Luis Romero
Carranza joined forces 1o give Argentinians a
chunce 10 hear a program sent through the
South American cther.
® In cooperation with the Buenos Aires Opera
Companv—which used the old Coliseum The-
ater hefore the Teatro Colon was erected—they
brought their primitive equipment onto the
stage. Felix Weingariner was on the podium
and a stellar cast of European and South Amer-
ican artists sang the roles of Richard Wagner's
“Parsifal.”” lust how many people heard the
crackling, static-filled music never will be
known. But that a good many amateurs who
owned crystal sets and other wireless receivers
were tuned in. listening 10 the impressive pre-
lude, with its “Last Supper” theme;, Amfortas’,
Kundry's and Gurnemanz' arias and the final
“Grail” notes. i< certain.
® The following day, more broadcasts were
transmitted by the pioneering quartet

i

S
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Rep. of Argentina 50th Radio Anniversary

@ It wasn't until just about three months later
that the first radio broadcasting was accom-
plished in the United States, when the elections
of 1920 were described through the air waves
to announce the victory of Warren Harding as
president of the nation.

® The pioneers were eventually given national
recognition when, in 1939. they received medals
and plaudits of the Argentine Chamber of
Deputies.

® © Back in 1969. the British Post Office de-
cided to publicize its advances in technological
handling of its mail service. Four stamps were
designed, printed and released. each intended
to symbolize one of four systems which had
been automated by electronic facilities.

@® Two of the stamps which most clearly sug-
gest their intentions are identified: the other
two, whose designs leave one wondering what
they're all about are simply inscribed, “tele-
communications” and definitely require an ex-
planation—which the British GPO sent along
with its official announcement of the set.
@ The five-pence denomination shows a huge
G,” emblem of the National Giro, part of an
intricate kind of money order system which

. "Creal Brituin
m=dea 2 ----' §d National Giro

had been introduced in many parts of Europe
some years ago. Giro is an inexpensive, fast and
easily accessible fund-transferring system based
on a computer’s ability to do in a fraction of a
second what ordinary manpower could do
only in hours. To avail itself of its facilities,
the public can open accounts with the Post Of-
fice and by using an individual account number.
make payments or receive funds without having
to fill out cumbersome money order forms,
waiting in lines and having to prove identity
when cashing them.

® The nine-pence has a lined globe surrounded
by a series of circular blobs. This one according
to the GPO explanation, is intended to publi-

sesnsmpess’

cize international subscriber dialling telephone
service that was begun in 1963, when such facil-
ities were opened between London and Paris.
Although Europe is smaller than the United
States, where such dialling has been in opera-
tion for many years the necessity of crossing
borders of lands which have their own, inde-

(Continued on page 102)
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1. Allied Radio Shack wants to in-
troduce you to the colorful world of
electronics. Discover great buys
from wide selections. Get the de:
tails from Allied today!

2. It's just off the press—Lafay-
ette’s all-new 1971 illustrated cata-
log packed with CB gear, hi-fi
components, test equipment, tools.
ham rigs, and more—get your free
copy!

3. Get all the facts on Progressive
Edu-Kits Home Radio Course. Build
20 radios and electronic circuits;
parts, tools, and instructions in-
cluded.

4. Olson’s catalog is a multi-col-
ored newspaper that's packed with
more bargains than a phone book
has names.

5. Edmund Scientific's new catalog
contains over 4000 products that
embrace many sciences and fields.

6. Bargains galore, that's what's in
store! Poly-Paks Co. will send you
their latest 8-page flyer

7. Custom Alarms reveals how in.
expensive professional alarms can
really be. Install one yourself. Cir-
cle 7 for exclusive catalog.

8. Get it now! John Meshna, Jr.'s
new 96-page catalog is jam packed
with surplus buys

9. Troubleshooting without test
gear? Get with it—Ilet Accurate In.
strument clue you in on some great
buys for your test bench.

10. Burstein-Applebee offers a new
giant catalog containing 100s of big
pages crammed with savings.

11. Now avallable from ED! (Elec
tronic Distributors, Inc.): a catalog
¢_:tonta|n|ng hundreds of electronic
items.

12. Pick Cornelt’s Electronics’ 10th
anni. catalog and discover yester-
day prices. Tubes go for 36¢ and
33¢. Plus many other goodies!

LITERATURE
LIBRARY

13. Discover how you can do all
kinds of jobs with Xcelite's new
19-piece midget reversible ratchet
offset screwdriver set and 5-plece
pocket kit.

14. Before you bulid from scratch,
check the Falr Radio Sales latest
catalog for surplus gear

15. Here's a free 20-page booklet
that tells you how to improve your
TV pic and a do-it-yourself approach
to installing a Master Antenna TV
(MATV) system. Mosley Electronics
will wing it your way.

16. RCA Experimenter's Kits for
hobbyists, hams, technicians and
students are the answer for suc-
cessful and enjoyable projects.

17. B&F Enterprizes has an inter-
esting catalog you'd enjoy scan-
ning. Goodies like geiger counters,
logic cards, kits, lenses, etc. pack
it. Get a copy!

18. Heath’'s new 1971 f{ull-color
catalog is a shopper’'s dream. Its
116 pages are chock full of gadgets
and goodies everyone would want
to own.

19. Get two free books—''How to
Get a Commercial FCC License”
and ""How to Succeed in Electron:
ics”"—from Cileveland Institute of
Electronics.

20. National Schools will help you
learn all about color TV as you
assemble their 25-in. color TV kit

21. Bone up on CB with the latest
Sams books. Titles range from
“ABC’s of CB Radio” to 99 ways
to Improve your CB Radio.”’

22. You can become an electrical
engineer only if you take the first
step. Let ICS send you their free
ilustrated catalog describing 17
special programs

23. For success In communica-
tions, broadcasting and electronics.
get First Class FCC license. Grant.
ham School of Electronics will show
you how

24. CB antenna catalog by An-
tenna Specialists makes the pickin’
easy. Get your copy today!

25. Kit builder? Like wired prod-
ucts? EICO’s 1971 catalog takes
care of both breeds of buyers at
prices you will like

26. Want some groovey PC boards
plus parts for communication proj-
ects? Then get a hold of Interna-
tional Crystal’s compiete catalog

27. H. H. Scott has a parcel of
pamphlets describing their entire
1971 line of quality hi-fi products.
They have Scottkits, too!

28. CBers, Hams, SWLs—get your
copy of World’'s Radio Lab’s 1971
catalog. Circle 28 now!

29. Hy-Gain’s new CB antenna cat-
atog is packed full of useful in-
formation. Get a copy.

30. Get your copy of Hallicrafters’
“*Shortwave Puts You Where |It's
At.” Get started today on shortwave
radio for more fun tomorrow!

31. want a deiluxe CB base sta-
tion? Then get the specs on Tram's
super CB regs.

32. Get the scoop on
Tronics' Versa-Tenna with
magnetic mounting.

Versa-
instant

33. Prepare for tomorrow by
studying at home with Technical
Training International. Get the facts
on how to step up in your job.

34. Pep-up your CB rig’'s perform:
ance with Turner’'s M:2 mobile
microphone

35. CBers. Midland has come up
with a neat colorful brochure on
their Iine. Before you buy. check
on Midland.

l‘--------------------------------------‘
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’s your move!

m The Bishop is worth about three Pawns, as
is the Knight, according to the table of relative
values of the chess pieces. But most masters pre-
fer to it the Knight, except in obstructed posi-
tions, because of its greater range and aggres-
sive characteristics in open positions. And, in
the ending. two Bishops all but constitute a win-
ning advantage against two Knights.

Ordinarily, a Bishop draws against one or
two Pawns, unless they are too far advanced.
But in the following exceptional case a check
breaks the rule.

Black

wins

o)

NN

White

1 - P-Qé6#
P-Q7

3 B-B4 P-Q8=Q(#)

2 K any

And Black wins with King and Queen against
King and Bishop. Normally, White would have
been able to sacrifice his Bishop for the Pawn
or new Queen and thereby draw the game.

In the next example the Black King cannot
avoid getting in the way of his own Bishop.

See game top of next column.

1 P-R5 B-B1 5 K-B3! B-K8
2 K-Q5 B-R3 6 P-R6 B-R4
3 P-N5# BxP 7 P-R7 B-N3
4 K-K4 B-R5 8 P-R8—Q

And White wins with King and Queen
against King and Bishop. It is interesting to see
how the White King denies the Bishop the vital
squares. If 3. . . . KxP (instead of 3. ... BxP)
4 P-R6 and the Black King obstructs the Bishop

—FMH-'-'-‘MNN‘-%'MW-WH-%'-W

Black

White
from reaching K6. where it would control QR2.
This was composed by H. Otten.

It is well known that a King, Bishop and
Rook Pawn do not win against a lone King if
the lone King can reach the queening square of
the Pawn and if the Bishop does not control
that square. Sometimes, however, as in this
study by Rauser, 1928, the Black King can be
kept away from the Rook file and side with
the extra material wins.

Black

ey

wy

&\
e

White
1 B-R2 K-Q5 6 K-N5 K-B6
2 K-Q6 K-B5 7 KxP K-B5
3 K-B6 K-Né6 8 B-N4 K-Q4
4 B-Q6 K-B5 9 K-N4 K-K3
5 B-B5! K-Né6 10 K-Bé

And the Pawn goes on to queen and win.

With Black to move, in the original position,
White’s winning solution is: 1. . . . K-B6 2
K-BS, K-K6 3 B-N2! K-Q6 4 K-K5, K-K6 5
B-Bl# K-B6 6 K-B5, K-N6 7 B-N5, K-B6 8
B-B4 and White wins, as shown in a great study
by Kling and Horowitz, 1851. But it takes an-
other |8 precise moves to prove it!

Game of the Issue. Vassily Smyslov, former
world champion, was born in Moscow on
March 24, 1921. His father, a strong player,

ELEMENTARY ELECTRONICS



taught him the rudiments of chess at the age of
six. He entered his first tournament in 193§,
rose rapidly during the next few years. and
earned the title of master when he was seven-
teen. Embarked on an active tournament ca-
reer, which is stilt in full swing. he scored firsts.
or ties for first and second, at Moscow, 1938.
Moscow. 1942. Moscow. 1944, USSR. 1949.
Moscow, 1951 (Tchigorin Memorial), Zurich,
1953, Hastings. 1954/5. Zagreb 1955, USSR,
1955, Amsterdam, 1956 Moscow, 1956 (Alek-
hine Memorial). and others in the last decade
and a half. In 1954. he drew a match with
M. M. Botvinnik. 7 wins. 7 losses, and 10
draws for the world title, which left Botvinnik
champion. But three years later he captured the
title himself by defeating the same opponent in
a return match with 6 wins. 3 losses, and 13
draws.

Smyslov has written that he “would like to
emphasize that the title. world champion, is not
merely a sporting term, but something more
which correlates the ideas of creation and sci-
entific achievement in chess." And ‘it would
seem that chessplayers, masters and grandmas-
ters, who remain faithful to the best tradition of
the game should try not only to win, but also to
create artistic work and at the same time im-
prove the general quality of play by their re-
spective innovations.” In our Game of the Is-
sue, played at Moscow. 1955. as White against
Botvinnik in a Kings Indian Reversed, Smyslov
embodies these thoughts and foreshadows his
future success.

3

See game top of next column.

1 N-KB3 N-KB3 15 R-N1 P-QR4
2 P-KN3 P-KN3 16 B-QR3 N-B2
3 B-N2 B-N2 17 8xN PxB
4 0-0 0-0 18 RxP B-R3
5 P-Q3 P-B4 19 R-Né&! BxN
6 P-K4 N-B3 20 PxB 8-85
7 QN-Q2 P-Q3 21 RxQP Q-K1
8 P-QR4 N-K1 22 R-K1 R-B2
9 N-B4 P-K4 23 N-N5 R-K2
10 P-B3 P-B4 24 B-B1! BxB
11 P-QN4! PxNP 25 RxB QxP
12 PxNP PxP 26 R-QB# R-K1
13 PxP B-K3 27 Q-B3 Q-85
14 N-K3 NxP 28 R-Q7 Resigns

Why did Black resign? Because he is faced
with mate or prohibitive material loss. Here is

the analysis—

A If 28. . . . K-R1 29 Q-B6# K-NI1 30
Q-N7 mate.

B. If 28. . . . Q-B3 29 Q-B7# K-Rl QxP

c. If 28. . .. R-KB1 29 RxN (29 N-B7 wins
easily too) QxR 30 QxR# RxQ 31 RxR#
KxR 32 N-Ké6# K-K-2 33 NxQ and extra
Knight is more than enough to win.

A typical Smyslov game—positional, tech-
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nically accurate, culminating in combinative
play and a King-hunt.

Solution to Problem 28: 1 B-Q4.

If 1. ... K-Q3 2 Q-Q8 mate. If I. ...
K-N1 2 B-KS mate. If 1. .. N-K2 2
B-KS mate. If 1. . . . N-Q3 2 B-N6 mate.
And if 1. .. . N-N3 (or 1.... N-R2) 2
B-KS mate.

Stranger than Fiction. James H. Blackburne
(1841-1924), the great British master who was
lugubriously nicknamed “the Black Death,”
reached the position below with White against
Mr. Scott. Thereupon he announced mate in 16
moves—that is called off the remaining moves.
Remarkable enough. But wait!

Black

X
_E1
118 &t
_‘ | &)
2E ¥ A
A ,

D

=

o

White

1 RxB# K-R2 9 RxRP# K-N1
2 Q-Q3# R-N3 10 N.Q7# K-B1
3 QxR#! PxQ 11 N-BS# K-Q1
4 RK7# K-N1 12 R-Q7# K-B1
5 B-K&6# K-B1 13 R-KB7# K-Q1
6 R-B7# K-K1 14 N-N7# K-K1
7 N-B&6# K-Q1 15 NxP# K-Q1
8 R-Q7# K-B1 16 B-N6 mate!

Blackburne did all of this blindfold—without
(Continued on page 103)



You cannowgeta
confirmed & guaranteed
car reservation from
National CarRental

inless than aminute.

From all those other guys
all youcangetisa
very sincere promise.

A SINCERE
APOLOGY, T4,

It's not that those other big city car outfits ever mean to
leave you without wheels. It's just that at the moment they
promise you a car they have no real way of knowing for
sure that it wijl be there.

National does. Us country boys from Minnesota now have
Max, the computer. You can call us for a reservation any
time from anywhere in the U.S. toll-free by dialing
800-328-4567. Max knows. at the instant you call, what
cars are available everywhere in the U.S. Before we
guarantee your reservation, we talk to Max.

When you reserve a National Car at any of our locations,
you also know you'll have your choice of a GM or other
fine make, and that you'll get a fistful of frec S&H

Green Stamps.

It’s your choice: a sincere promise or a National Guarantee.
You can get cither in about the same length of time.

“NAT/ONAL
CAR RENTA_Q!.
A~

o

© Not-Car-Rent-Co 1971

We make the customer No. 1 In Canada and throughout the world it's TILDENinte NATIONAL
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Robert Hutchings Goddard, whose
work laid a technical basis for
‘the Apollo flights, predicted inter-
galactic travel, human migration
from earth, and the harnessing of
solar energy.

- by Arnold C. Bailey

an will journey to Mars and other

planets, using the moon as his jump-
ing-off point. Neptune will become his
launching base for explorations to other
solar systems, other galaxies. He will
allow his body to be reduced by freezing
to granular protoplasm and travel in
sleep on voyages lasting thousands of
years, to be awakened automatically at
journey’s end.

Then, one day, man will find his own
planet no fonger able to support life. He
will begin his final voyage from earth,
a lonely migration in search of a distant
home. He will carry with him, in con-
densed form, the best of all human know!-
edge so a new civilization can begin
where the old one ended. This glimpse of
man’s destiny in space (Turn page)

Facts and photos courtesy Electronic Age,

Radio Corp. of America

MaRCH-APRIL, 1971
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@ @ PROPHET OF THE SPACE AGE

could be a fantasy by Jules Verne or a Buck
Rogers thriller, exciting to consider but easy
to dismiss. It is neither. Instead, these pre-
dictions are found in the private papers of
Dr. Robert Hutchings Goddard, the pioneer
American rocketry scientist whose work
laid the technological foundation for many
of this nation’s prodigious accomplishments
in space. The recognition Goddard has re-
ceived as father of the space age makes his
view of the future doubly exciting. And, be-
causc the Apollo moon landings have dem-
onstrated the soundness of his historic re-
search and testing. his predictions arc
uniquely diflicult to dismiss.

Aviator Charles A. Lindbergh, one of
Goddard’s earliest and most consistent sup-
porters, summed up the scientist’s visionary
legacy in the foreword to This High Man, a
biography of Goddard by Milton Lehman.
His ideas “must be considered as belonging
1o an open volume, with a preface of fact
on one side and thick chapters of fiction on
the other. Year by year, time keeps turning
the pages of fiction over into the preface of
fact.”

As the Pages Turn. Goddard can be seen
as a mixture of the conservative, matter-of-
fact scientist and the adventurous, imagina-
tive visionary. During most of his lifetime,
Goddard kept a tight rein on his imagina-
tion—a reaction to public skepticism and
ridicule of his work. Tt must have been like
trying to hold back a Saturn rocket with a
Kite string. On the night of January 14,
1918, he completed the writing of The Last
Migration, a 12-year compilation of notes
concerning interplanctary travel and the
work that he himself called his “most ex-
treme speculation.” Typically, Goddard
sealed the manuscript in a folder deliber-
ately mistitled “Special Formulae for Silver-
ing Mirrors™ and had it locked in a friend’s
safe.

Early in his work, Goddard had been
marked publicly, perhaps indelibly, as “the
moon rocket man.” And, to be sure, reach-
ing the moon was Goddard's persistent
dream. But it was just one of his dreams. He
clearly cnvisioned the lunar surface as the
stepping stone to the other planets in our
solar system. In The Uliimaie in Jet Pro-
pulsion, a summary of his ideas written in

1943, he suggested the possibility of estab-
lishing a self-contained moon station where
both propellants and constructional mate-
rials could be produced for use in expedi-
tions sent out from the surface of the moon.
He theorized that hydrogen and oxygen
could be made on the lunar surface with
the same 500,000-watt solar plant that
would have propelled the spacecraft (which
was converted into the moon station) dur-
ing its journey to the moon. The power plant
would be capable of electrolyzing one ton
of water n slightly more than two-and-one-
half hours. The moon station would have a
protective covering with movable ports to
counter possible dangers from meteorites.

“The station could be made a veritable
astronomer’s paradise,” Goddard wrote.
“Since there would be no atmospheric dis-
turbances, telescopes and other moving in-
struments would be of small weight and
would move slowly. and observations could
be made in any direction for as long as de-
sired. In addition, extreme ultraviolet light
and electrified particles from the sun and
even similar rays from the stars could be
studied. A station in which sunlight was
used to grow vegetation could be, in cffect,
sclf-supporting. A start from such a sta-
tion using jet propulsion, would require
much less initial mass than that required for
a start from the earth. Morcover, sending
mass to a craft in space suggests a means of
reducing still more the mass of propeliant
required.”

Always the physicist, Goddard did not
neglect opportunities for lunar-based re-
secarch. “An interesting investigation, made
possible by the absence of air, would be a
study of impacts of very-high-velocity ions,”
he wrote.

A Pioneer with Vision. Travel to other
planets was frequently on Goddard's mind,
although he became increasingly cautious
about mentioning it in public. However, one
of his former students at Clark University in
Worcester, Mass., where Goddard served on
the faculty for 29 years, recalls a moment
of boldness when the professor flatly pre-
dicted to his class: “Gentlemen. | can assure
you that during your lifetime men will be
traveling to other planets in our solar
system.”

Mars and Jupiter seemed especially likely
destinations to Goddard. Mars could be
rcached, he theorized, directly from earth
without using the moon as a jump-ofl sta-
uon. As early as 1918, he worked out the
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Top—At Clark University in 1924, Goddard lectures on how man
eventually might reach Moon. Right—Goddard with his liquid-
fueled rocket: motor is at base, fuel tanks are above it.

Top, Bottom Right—Auburn, Mass. rocket launch test site.
Right—Demonstration of sun-motor apparatus for rocket.

Top—<Centrifugal pump, tur-
bine tested at Clark University.
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PROPHET OF THE SPACE AGE

specifics of such a journey, basing his cal-
culations on the use of solar energy. “A
rough calculation,” he wrote, “shows that
for a journey from Earth to Mars the aver-
age velocity should be about threc miles per
second, the mirror surface per 500 pounds
being 680 square feet.” The journey’s dura-
tion. he suggested, would be 14.26 weeks.
Two years later, he revised his figures, cal-
culating that an average speed of seven
miles a second might be possible. Earth to
Mars, he said, was a seven-week trip.

The Count-down Begins. Rocket propul-
sion. of course, had always becen one of
Goddard’s special interests. His initial work
had been conducted with traditional powder
rockets. but as early as 1907 he began con-
sidering liquid propulsion to increase effi-
ciency. Goddard tested the first liquid-
fueled rocket that ever flew on March 16,
1926, at Auburn, Mass. His initial reasoning
behind the use of liquid hydrogen and oxy-
gen was that the liquid type of propellant
would be more likely to make interplane-
tary travel possible than any other known
fuel. Goddard theorized that. whatever the
makeup of interplanetary bodies, some
surely would contain hydrogen and oxygen
that could be collected electrolytically. Such
reasoning led him to suggest the establish-
ment of the previously described moon
station.

However, Goddard looked to other forms
of propuision—nuclear, ion. or solar energy
—as the ultimate solution to space travel. In
fact. Goddard thought enough of solar and
ion motor concepts to take out patents on
these two methods. Today. both are in the
rescarch and development stage.

He Splits the Atom. His interest in the
possible use of atomic energy as a propel-
lant illustrates how far ahead of his time
Goddard was. In 1907, Goddard put it this
way. “The navigation of interplanctary
space depends for its solution on the prob-
lem of atomic disintegration”—his con-
cluding statement in a paper written as an
undergraduate for a senior physics course at
Worcester Polytechnic Institute. Nine years
later. he collected his fragmentary ideas on
the subject in a paper entitled Aromic Dis-
integration. Interestingly, this paper pre-
dates by almost three years the first actual
disintegration achieved with alpha particles

from natural decay by Ernest Rutherford in
England, and by 15 years the first disinte-
gration by artificial means by J. D. Cock-
croft and E. T. S. Walton.

Goddard wrote: “If it is possible to obtain
intra-atomic energy. the matter of transpor-
tation in space would be comparatively
simple, and a large body could be sent from
the solar system, thus affording protection
from meteors to the contents. In this case.
living beings might be carried, the necessary
light and heat being furnished by radioac-
tivity. It atomic disintegration is solved, the
way may be open to the creation of what
might be called artificial atoms in which en-
ergy might be stored by many high-speed
particles. This tremendous amount of en-
ergy could be liberated when these artificial
atoms were broken up or the particles were
removed gradually.”

A early as 1906, Goddard began consid-
ering the possibilitics of ion propulsion. In
essence, his concept of an ion motor resem-
bled today’s electric light bulb. It required a
filament or foil and, for ejection, virtually
any substance that could be incandesced or
broken down electrically. A number of tests
were conducted under Goddard's direction
by graduate students in the laboratories at
Clark University—their work helping God-
dard draw conclusions on ways that man
might reach the stars.

He Looks to the Sun. However. Goddard
saw solar energy as perhaps the most effi-
cient and feasible method of propulsion,
employed either alone or combined with
other systems. His method made use of a
solar sail, lightweight collapsible, mirror-like
apparatus of metal foil. about 600 feet
square. Like a parasol. it would be unfurled
in the vacuum of space. He theorized that
such a sail could be used to push a space-
ship outward from the sun or some other
star with pressure from the light of these
hodies acting much as the wind that drives
sailing ships. The sail could be furled or
tilted on edge to permit a return to the sun
or star through the pull of gravity. The
power plant would be a shell or boiler mnto
which the radiant energy could be directed,
its outside highly polished and inside black-
ened. This was one of three possible meth-
ods of absorbing solar energy considered by
Goddard; the others were based on com-
bining fluid with absorbent materials. In all
three methods, a turbo-generator would be
used with the boiler, employing electro-
magnets near individual turbine blades. The
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Top Left—Rocket is
checked out by Goddard
team at his workshop.

Top Right—Rocket launch
tower at Roswell, N.M.
Left—Goddard enjoyed
painting during his leisure
time. Here, he works in
oils near his rocketry
workshop at Roswell, N.M.
Bottom Left—Successful
launch of rocket from
Roswell, N.M. tower shown
in top right photo.

Bottom Right—Goddard
(third from left), his

crew were visited at their
workshop near Roswell by
philanthropist Harry Gug-
enheim (second from left),
aviator Charles A. Lind-
berg (third from right).
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generator would be designed for small cur-
rent and high potential in order to give high
velocity to a small amount of matter. The
boiler would produce a jet or stream, and
the ship would sail effortlessly.

During the 1930s, Goddard developed a
prototype of a solar motor in his shop at
Roswell, N.M_, where he conducted his later
rescarch and tests. His autobiographical
notes indicate his belief that it was only a
matter of time before solar energy could be
harnessed. “The main ideas regarding the
absorption of solar energy and the directing
of the mirrors appear to have bcen con-
ceived.”

Beyond Plute. Goddard pictured man
traveling not only in interplanetary space
but through what he called “superspace”
into other solar systems and other galaxies.
Neptune, he believed, would serve ideally as
a space base. In 1927, Goddard proposed:
“To leave the solar system with a fairly high
residual velocity, using hydrogen and oxygen
and solar energy, the final start should be
made from or near the planet Neptune, such
materials as are needed being stored on this
satellite, on which solar energy could be
employed. . . . Of course, the satellite could
be a halfway station. and the final start
could be beyond the orbit of Neptune . . .

Goddard doggedly believed that man was
at his best as a curious, exploring creature
who inevitably would benefit from learning
the ways of the universe. The vastness of
space, he theorized, might someday be man's
only hope for survival. He suggested that in
the future the sun and its planets might
grow cold or lack sutlicient oxygen and
that mankind might be forced to seck a
more hospitable environment.

In the fina! pages of “The Last Migra-
tion,” in a section cautiously entitied “A
Glimpse into the Future,” Goddard paints a
striking, almost frightening, picture. “If pas-
sage is possible from planet to planet within
the solar system, it can be seen that, as the
solar system coois down, migration can take
place to the planets near the sun and finally
to the sun itself. It may, however, be possi-
ble to migrate to the planets that are around
the fixed stars after the solar system has
cooled to such an extent that life within it is
difficult or impossible.

“The most desirable destination would be

a planet near a large sun or suns . . . pref-
erably hydrogen, or new stars . . . so situ-
ated that the temperature would be like that
of earth but on which the cooling process
would be slower. The destination should be
in a part of the sky where the stars are
thickly clustered so that any further migra-
tion would be comparatively easy. Because
of the danger from meteoric matter, expe-
ditions should be sent to all parts of the
Milky Way where new stars are thickly
clustered.”

His Dreams! It is at this point that God-
dard, the outwardly cold-facts scientist,
stretched his imagination to limits that even
today are breathtaking. Fifty years ago.
when Goddard evolved his plans in the pri-
vacy of his rescarch laboratory. they were
not 10 be whispered. He realized that, be-
cause of the distances involved in explora-
tions of other solar systems, the pionecr
travelers might find their greatest personal
adversary in time itself. The voyages would
entail enormous self-discipline. The space
pilgrims might marry, give birth, grow old,
and die long before their journey was over.
Their sons might follow the same course
and so might their grandsons and great-
grandsons. Generations might pass before
journey’s end.

Surely there must be a way to postpone
death, Goddard thought. As far back as
1905, he had conceived of a state of granu-
lar protoplasm for these space passengers,
allowing man to travel for centuries in a
dormant state, waking in a new part of the
universe. In his carly notes, he groped for
the answer. “If therec was some substance
like formaline that would permeate cvery
tissue and Kkill all bacteria life except the
spores, and besides, if the body were placed
in a scaled glass containing nitrogen and
the temperature remained constant and a
little above freezing, there seems no reason
why the body might not remain in this pas-
sive condition indefinitely since decay is ab-
solutely arrested from the moment the pas-
sivity is assumed, although the same amount
of moisture is present as when the body is
active . . "

The pilot would be awakened or animated
at intervals to steer the apparatus, if this
were necessary. The intervals could be 10,-
000 years for near stellar systems and 1-
million years for very distant systems. “The
awakening could be accomplished,” he sug-
gested, “by a radium clock, the pressure of

(Continued on page 101)
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e/e builds thefinest

COLOR TV KiIT

you can buy

Versatile performance and excellent
serviceability highlight Heathkit's Model GR-370

I\Ianufacturers of ‘“commercially-buiit” remote control that turns the receiver on or
color TVs spend millions for adver- off, changes the channel, and adjusts color
tising their wares every year. One claims and tint. Heathkit’s exclusive FET front end
modular construction for lower repair bills. means your picture will have less snow or
Another claims highest brightness: a third noise present and reduced strong-signal,
claims automatic fine tuning and yet another  cross-modulation for better AGC action.
claims perfect flesh tones, or even remote Heathkit's GR-370 also includes automatic
color control. The list of special features to fine tuning (AFT), automatic picture tube
insure optimum color reception is almost degaussing, automatic color contro! and
endless. Here's the lowdown on the one re- gated AGC.

ceiver that truly gives you all these fearures There’s also provision for adjustabie
in one package—the new Heathkit solid- video peaking, instant on, and an audio tone
state Model GR-370 Color TV. control for both front-facing speaker and

The GR-370, with 295 squarc inches of hi-fi audio output. The GR-370 also gives
viewing area, has a list of functional fea- you a choice of either 300 or 75-ohm VHF
tures for a color television that reads like a  antenna inputs.
guide book on “how to do it right.” For ex- But most important in terms of reliable
ample, you can order an optional wireless performance, this kit television’s end-all

Although e/ e whipped together
Heathkit's Model GR-370, you
can bet your sweet purity ad-
juster that Heath has more color
TV kits for you to choose from.
Model GR-270, for instance,
utilizes same chassis but smal-
ler, 227 sq. in. CRT. Price of
GR-270 is less, too; it costs
$489.95. You're also presen-
ted with choice of four factory-
assembled cabinets to house
kits. Early American cabinet,
shown to left, is maple finished,
costs $114.95. Other cabinet
styles include Mediterranean,
Contemporary, roll-around cart/
cabinet combination. If porta-
bility’s your bag, Heathkit's
Model GR-169 is for you. This
102 incher’s really mini GR-370
in disguise! Model GR-371MX,
Heath's next TV kit, will have
313 sq. in. CRT. Look for it!
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feature is the plug-in circuit boards and wir-
ing harnesses especially designed for the
home constructor. If you can think of a fea-
ture that will enhance color reception.
chances are the Heathkit GR-370 already
has it built in!

Naturally, some of the best features of
earlier Heathkit color TVs have been re-
tained. For example, the push-button,
motor-driven channel sclector means wire-
less remote control can be easily added at a
later date. We suggest though, that you in-
stall the remote control as you build the kit.
Heathkit also retained the swing-out. front-
mounted color convergence feature allowing
the user to easily “trim” the convergence.

When you first open the Heathkit GR-370.
it appears to be a chassis made of jacks and
plugs. But the two really outstanding fea-

Heath not only supplies all
needed parts to build GR-370,
they even include tool kit to
help speed construction, align-
ment time. Tilt-out Conver-
gence, Secondary Control panel,
Master Control panel are easy
to wire. Convergence/Secondary
Control panel location will prove
its convenience when you
adjust TV for proper color
rendition. Note portion of

shield visible in picture; it's
wrapped around entire chassis,
effectively preventing set-gen-
erated signals from being radi-
ated into viewing area.

CONVERGENCE / SECONDARY
CONTROL PANEL

tures of this kit are the plug-in circuit
boards, and the instruction manual. We'll
get to the manual later.

Board Banter. Except for the tilt con-
vergence panel. the factory-wired UHF and
VHF tuners, the IF amplifier, the AFT (for
Automatic Fine Tuning), and the high vol-
tage power supply, all your wiring chores
consist of assembling small printed circuits
which plug into chassis-mounted jacks.
There are 9 plug-in boards. Each contains a
homogenous circuit; for instance, the entire
sound circuit 1s on its own board, and the
vertical oscillator lives on its own board. It
a defect occurs, it is only necessary to repair
that particular board. But if you’re really
stymied by the electronics, Heath provides a
low cost board repair service for a nominal
fce once you’re beyond the two year war-
rantec.

The chassis is actually the hinged rear
cover of the CRT shield. All the builder in-
stalls are the power supply components, IF
amplifier, and high voltage power supply.
Then, pre-formed wiring harnesses are con-
nected to the PC board plugs; other har-
nesses have connecting jacks that are al-
rcady preconnected. Interconnection be-
tween circuits is automatic when the PC
boards are plugged in. Similarly, external
circuits such as the tuners, panel controls
and convergence panel plug into chassis
mounted connectors.

The Instruction Manual is a Classic. It
surpasses even the manuals for Heathkit's
GR-681 and AR-29, which were formerly
the recognized standards of “instruction
manual perfection.” The GR-370’s manual
actually consists of a series of six separate

TILT-0UT

CONTROL PANEL
ELEMENTARY ELECTRONICS



instruction manuals.

Book | has only the introduction and as-
sembly for the circuit boards.

Book 2 contains the instructions for the
chassis assembly, with separate instructions
for the remote control. depending on
whether it will be installed during construc-
tion, or at a later time.

Book 3 details construction of the front
panel assembly.

Book 4 details the final assembly. adjust-
ments and operation.

And Book 5 is 160 pages of the most de-
tailed troubleshooting and circuit data we've
seen outside of an aerospace industry “tech
manual.” Fact is, every resistance and vol-
tage check possible on every pin and ter-
minal is detailed, as well as every possible
transistor configuration.

All circuits are broken down into both
function and normal operation, and every
PC board has both foil and “topside” views.
There are even PC board pictorials pinpoint-
ing just the voltage check points. What about

2-STAGE
PRE-WIRED
IF ASSEMBLY

<

Built-in volt-ohmmeter, called
“Troubleshooter” by Heath, is
included in kit. It's purpose

is to not only help you make
final adjustments, point-to-
point wiring checks, but also
to enable you to pinpoint cir-
cuit malfunctions—if any ever
crop up. Picture to right

gives you some idea of what
your final efforts will look

like. Note how each PC board
mates to sockets located at
opposite ends of PC board.
This feature insures good elec-
trical contact, removes all
chances of plugging PC boards

in wrong way. PLUG-IN

SQUND
BOARD
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BOARD

POWER
TRANSFORMER

waveforms, you ask? Our answer: you'll see
fifty-five of them! Finally, there is a price
list for what appears to be every component
except for the CRT shield equipment. That’s
given in a separate picture tube and shield
assembly booklet.

The detail in the individual construction
manuals is absolutely astounding. Nothing is
left to chance or guesswork. For example,
all transistors plug into sockets and four—
that’s correct, four—pictorial steps are used
just to illustrate how to plug a transistor into
a socker.

That's really step-by-step instruction! The
chassis itself is broken down into 8 parts.
That's how a small pictorial section can be
placed on the same page with the wiring
steps. And there's no pictorial crowding; if
the pictorial is large, there might be just §
steps on the entire page.

A new Heathkit construction feature con-
sists of color callouts on the instruction
manual pictorial. To avoid having the build-
er's eye lose its place in the wiring dia-
grams, each step is positioned near the ac-
tual wiring position. A red number indicates
the step sequence, while red numbers in the
pictorial indicate the number of wires to be
soldered at that location. You have really
got to try hard to make an error.

Built-in Super Sleuth, too. Now let's look
at the built-in Volt-Ohmmeter turned trou-
bleshooter. To insure that everything possi-
ble is checked out before power is applied.
the GR-370 includes a volt-ohmmeter kit

(Continued on page 40)

PLUG-IN  HI-F! PLUG-IN
AGC/SYNC SOUND LUMINANCE PLUG-IN VIDEOQ
ouTPUT CIRCUIT BOARD  OUTPUT BOARD

PRE -WIRED HIGH /
VOLTAGE ASSEMBLY



NTS puts a whole new world at vour finoertios.

NTS home training can put a
whole new way of life in the palm
of your hand. A new, exciting job,
a much bigger income is now
easily within your reach.

NTS training is something spe-
cial. We provide all the kits you
need for the most effective train-
ing. National Technica! Schools
sends kits with every course, and
teaches you to build and test a
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wide range of professional equip-
ment — the same kind of equip-
ment you'll actually use onthe job.
That's the NTS ““Project Method™
—training that's practical and
in-depth. You learn everything
from fundamentais to the latest
innovations. From beginning
to end, NTS makes it fas-
cinating and fun to !earn this
way. And all you need is a little

spare time and an interest in
electronics.

Each year, men are moving into
important new jobs, or their own
businesses, straight out of
NTS electronics training. NTS is
what’s happening to men every-
where. Check the coupon. Take
hold of the career you want most.
Do it now. No obligation. No
salesman will call.

ELemENTARY ELECTRONICS



We pack vour electronics course with kits to make
vour {raining fast. You'll eniov every minute of it

NTS COLOR TV
SERVICING

COLOR TV
295 SQ. IN. PICTURE

NTS training provides an easy way
to become a professional home-
entertainment service technician.
You receive a big screen Color TV
with many unique features. The unit
even includes self servicing equip-
ment that permits you to make all
normal test operations. No addition-
al test equipment is needed for ad-
justing your set. In addition you get
an AM-SW radio, Solid-State radio,
Field-Effect Transistor Voit-Ohm-
meter, and Electronic Tube Tester.
You learn about Eiectronic princi-
ples and trouble shooting, hi-fi,
multiplex systems, stereo, and color
TV servicing.

NTS COMPUTER
ELECTRONICS

This is the future. And it's happen-
ing now. The number of computers
will increase many times in the next
few years.

Exclusive new
Compu-Trainer®

e ———— e —— -
If card is missing

check coupon and

mall for free color

catalog and sample

lesson. Now.

National Technical Schools
4000 S. Figueroa St., Los Angeles, Calif. 30037
Please rush Free Color Catalog and
Sample Lesson, plus information on
course checked below. No obligation.
No salesman will cali.
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NTS offers a solid grounding in com-
puter operation, wiring, data pro-
cessing and programming. One of
the 10 important kits included is our
exclusive Compu-Tralner®. It's a fully
operational computer logic trainer
— loaded with integrated circuits —
the first ever offered in home study.
It introduces you quickly to how,
what, when and why of computers

from theory to practical servicing
techniques. This unit is capable of
performing 50,000 operations per
second.

NTS ELECTRONICS
COMMUNICATIONS

Choose from two exciting courses
to get into the big-paying fields of
transmitting and receiving equip-
ment: (1) The FCC License Course.
(2) The Master Course in Electronic
Communications (more comprehen-
sive, with Citizens' Band Two-Way-
Radio). Either Communications
program qualifies you for your FCC
First Class Commercial Radio-Tele-
phone License — NTS assures you
will pass this FCC exam within six
months after successfully com-
pleting your course or your tultion is
refunded. Kits include an Amateur-
Phone 6 Meter VHF Transceiver —
NTS exclusive, 6 transistor Solid-
State Radio, Volt-Ohmmeter (fully
transistorized).

5 Watt AM Transmitter/
Receiver

L

[C] Master Course in Color TV Servicing
] Color TV Servicing

[C] Master Course in TV & Radio Servicing
] Practical TV & Radio Servicing

[] Master Course in Electronic Comm.
[] FCC License Course

{1 Master Course in Electronics Tech.
[] Industrial and Automation Electronics
[} Computer Efectronics

[] Basic Eectronics

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems Automation
is rapidly becoming the emphasis of
modern industry. Your NTS training
in automation electronics includes
equipment like a 5” wide band Oscll-
loscope. You also get the new NTS
Electronics Lab. It's an exclusive
NTS experimental laboratory —a
complete workshop that simplifies
learning about solid-state, miniature
and integrated circuits.

5" Oscilloscope

CLASSROOM TRAINING
AT LOS ANGELES

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

NATIONAL == SCHOOLS

WORLD -WIDE TRAINING BINCE 1903

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

APPROVED FOR
VETERANS

Accredited Member: National Assocl-
ation of Trade and Technica! Schools;
National Home Study Council.

Name . Age
Address .
City .State__ _Zip

{0 Check if interested in Veteran Training under
new G.1. Bill

{J Check if interested only in Classroom Train-
Ing at Los Angeles

Dept. 222-03¢
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(Continued from page 35)

Heath terms a “Troubleshooter.” Through-
out the checkout and adjustment procedure,
there are instructions utilizing this instru-
ment. Similarly, the Troubleshooting and
Data Manual lists the meter readings for
every transistor and test terminal in the set.
Before power is ever applied, virtually every
connection and most of the components are
checked out with the Troubleshooter. By the
time you are ready to fire up the receiver,
you are an expert on the innards of the
Heath color TV.

Naturally, final alignment is the last step.
Since all the critical circuits are factory
wired and aligned, most of the final align-
ment is the color tube convergence. As with

other Heath color sets, the dynamic con-
vergence panel is up front where it’s easy to
see the results of the adjustments. All you
need do is follow the instructions using the
built-in dot generator. And you get perfect
color alignment.

We say perfect—because unlike a factory
wired receiver which gets a fast assembly
line alignment—you can spend as much time
as you like to insure optimum color con-
vergence. Considered as a fringe benefit,
once you have performed the convergence
you’re an expert (no joke, it just takes prac-
tice). And periodically, say monthly, you can
trim up the color in a few minutes. Remem-
ber, your neighbor down the block has to
put up with deteriorating color until he can
afford a serviceman.

Performance With a Punch. With all of
the aids that Heathkit builds into the GR-
370, it’s only fair to ask about color perfor-
mance. As with any color TV, your first
questions should be: how good is the pic-
ture? And what’s the final result available
from a consumer set. With all the talk about

“special color circuits,” -the most a con-
sumer set can do is come close to Heathkit
color. Heath color is soft (natural), not gar-
ish as 1s common to many consumer sets.
Normal brightness level is very high, and
good color saturation is obtained even in a
brightly lit room. Fact is, the standard tube
produces the maximum brightness level that
can be accommodated by the eye. There is
no reason to go to the extra-cost, extra-
brightness RCA Matrix CRT unless sunlight
will be falling directly on the tube’s face.
As expected, this Heathkit traditionally
reaps long-term low cost for the kit builder.
While the cost of the Heathkit GR-370 in
kit form compares with wired color TVs,
it is important to keep in mind that color
sets do eventually break down. The savings
made by being able to do your own service
will be considerable, particularly when you
consider the cost of TV service is approach-

interior view of
pre-wired, 3-stage
IF assembly. Unit's
aligned at factory.
Solder three wires
to appropriate lugs,
then connect three

: cables into their
jacks—your IF’s
now wired into
circuit!

ing $20 per hour. Best of all, after you
finish building and adjusting the Heathkit
you will know a lot more about the color set
than the average technician. And, of course,
you will be able to obtain exact replace-
ment parts within days, rather than wecks
or months.

Summing up. The Heathkit GR-370 color
TV offers the kit builder two prime ad-
vantages: 1) excellent initial color per-
formance, and 2) the knowledge, ability
and experience to keep the overall level of
color performance great year after year.

The basic GR-370 color TV Kkit is priced
at $539.95. With the RCA Matrix-type
CRT the price is $549.95. The remote con-
trol kit, Model GRA-70-6 is $64.95. Three
factory-assembled cabinets are available for
the GR-370, with prices ranging from
$74.95 to $129.95. (Custom mounting tem-
plates are supplied with the kit.)

For additional information describing the
Heathkit GR-370 color TV, circle number
30 on the Reader Service Coupon on page
17s |
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NEW TRICKS
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GRANDPA’'S LOOSE COUPLER

IS ALIVE AND WELL AND STORMING

OUT OF WIRELESS' GOLDEN PAST/by Art Trauffer

NIANY Americans could vividly remember
Lee’s surrender of Appomattox when
the Age of Wireless was born. As an infant
industry, it was weaned by some of the
foremost scientists of the day—and count-
less home-bound experimenters all eager to
stretch their ears across the cold, blue
Atlantic.

But unlocking the mysteries surrounding
this electric infant proved to be a difficult
task. It was comparatively casy for scientists
to theorctically prove the existence of radio
waves in their laboratory. But extracting RF
energy from a noisy, spark-belching trans-
mitter was a task beyond most experi-
menters’ abilities.

And receiving gear fared no better on the
home-brew front, either. Most rigs depended
heavily upon the vagaries of nature to
bring man-made ethercal energy down to
mile-long antennae. Fact is. much of radio’s
earliest experimental work was the result of
sheer dumb luck! But theory would soon
outpace the rabbit’s foot with the introduc-
tion of a deceptively simple radio frequency
tuning device.

The loose coupler is radio’s classic tuning
device from the heyday of wireless. We
don’t know exactly who invented it. but we
do know that it was onec of the most com-
monly used pieces of gear found in any
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well-stocked radio lab—or living room—
between the years 1900 and 1922. Perhaps
the loose coupler evolved from the com-
bined efforts of several pioneer experi-
menters. Yet nobody really seems to know
for sure; records tell us that the device was
manufactured commercially, and home-
brewed by most of radio’s carliest enthusi-
asts.

Loose couplers, or receiving-type trans-
formers, as they were also called, are now
considered by most collectors of antique
radio gear to be in the most-sought-after
category. The few remaining models are in
museums and painstakingly-assembled pri-
vate collections.

But unlike other ecqually-extinct relics
from the Wireless Age, you can easily build
a replica of the loose coupler. Here's the
best way you can recreate for yourself the
earliest radio-frequency experiments of the
pioncers of wireless. And. as a conversation
piece harking back to the dawn's early light
of radio's history, the loose coupler is an
attention-getter from both Aquarian audio-
phile and micro-circuit oriented amateur
alike!

Grandpa’s Energy Grabber. Arizona was
stil a decade away from staichood when
syntony (radio’s earliest term describing coil
tuning) was stumbled upon. But Grandpa
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didn't know about coils and capacitors as
we know of these tuning components today.
He lashed together various forms of brass
tubing, Leyden jars and even variable re-
sistors, in an effort to vary the frequency
of cumbersome, spark-spitting transmitters
and yard-long receivers.

Finally, gramps hit upon the idea of wind-
ing a continuous copper wire around a
shellacked cylinder, and tapping the coil’s
wire every ten turns or so. The wire taps
were sent to a variable switch; this method
was used until someone figured they could
build a better radio frequency trap. By
winding the same coil on the same cylinder,
but substituting a sliding tap for the fixed
taps, radio’s ecarliest experimenters found
they could wring even more selectivity from
the coil. Some of the more intricate slide
tuners boasted up to three sliders, but the
slider would wear out the coil wire. deposit-
ing copper between the turns.

Perfection—as radio’s early experimenters
thought of it—arrived on the spark-gup-
galena-detector scene as the two-circuit, or
*“loose coupler.” No longer was it completely
necessary to rely solely upon the vagaries of
insulating-today, shorted-tomorrow copper
wire insulation. Here was a tuning device
that transferred received cnergy from the
antenna circuit to a secondary circuit with-
out actual clectrical contact. As you can sec
by our photos, this device has two
cylindrically shaped coils of wire, cach
wound on tubes of insulating material.

The secondary coil is mounted so it can
slide in or out of the primary coil with just
enough clearance between the two coils.

SECONDARY
coiL
SLIDE RODS (M)

SLIDER

PRIMARY COIL
SLIDE BAR

ASSEMBLY

SECONDARY

(0 (N roTaRY SwiTcH

The chief advantage of the loose coupler
over fixed, tapped inductances was that the
inside coil (in this case, the secondary coil)
could be moved with respect to the sta-
tionary coil, or primary coil. This effect was
first called “coupling” and the name stuck.
When the secondary coil was pulled away
from the primary coil, it was “loosely
coupled.” When the experimenter pushed
both coils together, the device was then
“tightly coupled.” By altering the relative
positions of the coils within one another,
the overall receiver seclectivity could be
increased or decreased at will.

Slide Bars and White Shellac. The loose
coupler described is very similar to the
typical couplers of way back when. But, as
you build the coupler, you might want to
make some minor changes according to the
materials you are able to beg, borrow or
make.

Let's start with the coupler’s foundation.
or baseboard, first. The author found a piece

@ PRIMARY

BINDING

SECONDARY BINDING POSTS

Circled letters in both
pictures refer to parts
described in Bill of
Materials. Comparing
loose coupler in both
pictures, you'll note

that secondary coil bind-
ing posts are located

on both front, rear end
supports. If you don't
need second set of bind-
ing posts, omit posts on
front end support; sub-
stitute hex nuts of prop-
er size in their place.

BINDING POSTS

ELEMENTARY ELECTRONICS



BLACK WALNUT OR OTHER HARDWOOD 'BLA_C';HWCA':.NUT OR OTHER HARDWOOD
5/8" THICK 5/8 1
N a N e
3/16” ORILL FOR f T !
SLIDE RODS 374"
—_— 12 3/4" -

43/4“—!‘

Y-

‘<___

FRONT END SUPPORT
Correct spacing is vital for
secondary tube alignment with
primary tube form. Best bet

is to place front end support
block in C-clamp wood vise;

~—__ CUT-OUT FOR PRIMARY
COIL FORM (SEE TEXT)

{THE SIZE OF THIS OPENING
DEPENDS ON THE 0.D. OF

THE COIL FORM)

temporarily fasten vise to -
flat bed of drill press before
proceeding to bore holes.
CENTER SUPPORT 7%-

You’ll need hole saw, electric
drill in order to accurately
cut out hole for primary coil
form. First bore starter

hole in wood with 1/16-in.
drill, then proceed to cut
hole in wood with hole saw.

BASEBOARD

Dimensions given in picture to
right are for baseboard. As !
with other wood supports, ac- |
curate hole location is extreme-
ly important. We suggest you
treat baseboard, other wood }

N > |,
I

e L

supports with liberal coats of
varnish to prevent warping.

of Ss-in. solid black walnut for this part,
as well as for the three upright supports.

As our drawings show, all visible surfaces
of -the wood were sanded smooth. Sharp
corners and edges were slightly rounded
off with a mill file and finished with a
medium grade of sandpaper. As a final
fillip, all walnut pieces were stained and
hand rubbed with facial tissues to bring out
the wood grain.

After you've cut the wood base and up-
right pieces, and finished them to your lik-
ing, you'll probably want to make both
primary and secondary coils next. The
author found a cardboard container with
an outside dimension of four inches. Try

MarcH-ApRrIL, 1971
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art supply companies or drafting firms in
your search for a similar coil form.

The secondary coil form is a piece of
3s-in. cardboard tube originally used to
ship large sheets of photo paper. After the
tube was cut to size, it was given a coat of
white shellac, and allowed to dry before
winding the secondary coil onto it. If you
can obtain Bakelite or plastic tubes of these
sizes, go ahead and use them.

Starting with a half pound of #22
enamelled magnet wire, you'll closely wind
175 turns of the wire onto the primary
form. It doesn’t make any difference which
direction you wind the coil; the important
point to remember is that the coil must be
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@ @ OPTIONAL
ZSEE TEXT
LOOSE COUPLER -—-—}i——--
™ SLIDER

L2

You can’t tell how well
this rig performs just
by gawking at its

schematic! Alithough

SECONDARY

Lt

substitution of IN34A PRIMARY

germanium diode for
galena detector de-
tracts in eyes of home-
brew-or-bust purists,
improved performance

. tgzipzd from s:)':id- =GND OR IENgJIQ
state diode more than
makes up for this 'J'EQN'EMT'TEDSQCE

seemingly modern

‘“‘oversight."’
GREATER)

ZNO CONNECTION

CRYSTAL EARPHONES —
{2,000 -0HMS OR

Ny

SWITCH LEVER
AND 6 SWITCH
POINTS

BILL OF MATERIALS FOR LOOSE COUPLER

A—16-in. x 54-in. x 54-in. black walnut
or other hardwood (baseboard).

B—5:-in. x 5-in. x 54-in. rear end support
for primary coil.

€C—5-in. x 5-in. x 54-in. center support
for primary coil.

D—3:in. x 2Y4-in. x %-in. front end sup-
port for slide rods.

E—Primary coil form about 634-in. long
and about 4-in. O.D. Cardboard, fiber,
bakelite, plastic, etc.

F—Y5-Ib. #22 enamelled magnet wire
for primary coil.

G—14-in. thick wood or composition-
board disc (fits in end of primary coil).

H—Springy brass band 34-in. wide and
about 1Y%:-in. long; 6-32 brass machine
screw about 3g-in. long; small in-
sulated knob to fit 6-32 screw (pri-
mary coil slider).

I—Binding post for primary coil slide
bar: 6-32 rh brass machine screw 114-
in. long; brass hex nut to fit; round
knurled brass nut to fit.

J—54-in. rh steel wood screw (holds
slide bar to wood center support).
K—Binding post for primary coil: 6-32
rh brass machine screw 1l%-in. long;
soldering lug to fit; two brass washers
to fit; brass hex nut to fit; round

knurled brass nut to fit.

L—6 rh wood screws about 114-in. long;
6 washers to fit (hotd wood upright
to baseboard).

M—Slide rods for secondary coil: two
pairs of 3/16-in. dia. brass curtain
rods cut 16Y5-in. long; eight lock-
washers to fit; eight brass hex nuts to
fit 10-24 threads; four round knurled
brass nuts to fit 10-24 threads.

N—=6-in. L x 3Y-in. O.D. secondary coil
form (cardboard, fiber, bakelite, plas-
tic, etc.).

O0-—14-1b. #26 cotton-covered enamelied
magnet wire for secondary coil.

P—2 end discs for secondary coil form
(see drawing).

Q—Brass tubing to fit over 3/16-in. dia.
brass rod (sleeves for secondary coil
slide rods).

R—Switch lever: 5/16-in. dia. brass rod
34-in. long; 6-32 rh brass machine
screw about 134-in. long; three brass
washers to fit; small compression
spring; springy brass band for making
switch lever blade; insulated knob to
fit 6-32 screw.

S—6 switch points for switch lever
(make from 6-32 rh brass machine
screws 3/-in. long, with brass hex nuts
to fit). Four rubber tack bumpers for
bottom of baseboard.

4

close wound with no spaces between the
wires.

The secondary coil will need a bit more
finagling. After the coil form’s been shel-
lacked, start by winding the secondary with
#26 single-cotton-covered enamelled magnet
wire. As with the primary coil, you'll need

about a half pound of wire for the secondary
coil.

Note, however, that the secondary coil is
tapped once every 46 turns. Each tap termi-
nates at a separate rotary switch position.
Noting our drawing, you'll find this home-
brew rotary switch located on the secondary

ELEMENTARY ELECTRONICS




BLACK WALNUT OR OTHER HARDWOOD
5"x5"x5/8"THICK \

MACHINE SCREW
(PRIMARY COIL
BINDING POST)

Ly

fe———— 2-172"————]

3/16" DRILL FOR
SLIDE RODS

PR

fe——— |- 3/4" —|=1/2"—

1-3/4"

1 #28 DRILL FOR 6-32

— 1-3/4" ——=

Rear end support for primary
coil, slide rods is bored,
finished with same methods
described for other wood
pieces. Black walnut stock,
while not necessary for loose
coupler’s performance, adds
to unit’s good looks—es-
pecially when wood’s hand
rubbed with many coats of
stain, then finished off with
elbow-grease-furniture-polish
treatment. But if one piece
of wood looks like any other
to you, then by all means
hack up plywood stock. We
promise not to snitch.

o

it

I END OF WINDING H

N\ SOLDERED TO LUG

7/32"0.D. SQ. BRASS TUBE

ABOUT 7" LONG
/ j“l J
12

HEX _g /’ ET : -
METAL
NT S/ BAND ~ '\< _E
> I} 6-32 R BRASS . '
mkmmn SCREW |-|/2‘h END OF WINDING l-C Detailed cutaway of pri-
~ LONG CONNECTS TO mary coil mounting tech-
N 6-32 ROUND  BINDING POST ON ;
St KNURLED REAR END PIECE higtie. blote square brass
B —. NUT tube in picture—it’s
a1 E what author used for his
" loose coupler. If you

can’t find similar brass
tubing, cut up third cur-
tain rod as instructed in
text, construct primary
coil brass band (part H)
to wrap snugly around it.

~p

/ RUBBER TACK \_START OF WIRE WINDING E
BUMPER {NO CONNECTION TO IT)

coil’s front plate. Be sure to feave a sufficient
length of wire at the beginning of the
sccondary winding so you can solder it to a
brass slider sleeve. The end of this winding
is soldered to position 6 on the rotary
switch.

Homebrew Twister. Don't be frightened

MarcH-APRIL, 1971

away from this project merely because
you've never built your own switch assembly
before. After, all grandpa didn’t have mail-
order-catalog parts ordering convenience in
his day. If he could make a rotary switch.
well, by jiminy, so can you.

First step’s rounding up the parts you'il
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LOOSE COUPLER

need; then look at our rotary switch diagram
for the sequence construction. The most
difficult part of this build-it switch is making
the actual switch points.

Start by putting half a dozen hex nuts
onto each 6-32 x %-in. Round Head brass
machine screw. Holding the nut/screw as-
sembly in a machine vise, you file the screw
top parallel to the screw’s body with a mill
file. The nuts serve to hold the screw firmly
in place in the vise. After each screw head
has been filed flat, smooth them with a sheet
of fine emery cloth.

Picture to right shows sample
switch point, exploded view
of rotary switch. While this
phase of loose coupler’s con-
struction isn't difficult, it
separates do-it-yourself men
from store-bought boys. All
parts required for home brewed
switch can be bought in any
well-stocked hardware store;
any non-shorting rotary job
intended for radio frequency
switching'll do if you want

to take easy way out. Bot-
tom pix shows secondary
coil’s method of mounting.
Note end of winding; it
doesn’t terminate at any
rotary switch point.

HEX NUT.

6-32 BRASS
HEX NUTS

SPRING

SLEEVE 5/16" DlA.
BRASS ROD, 374"
LONG

6-32 BRASS

==l

COMPRESSION

Now cut out 1wo secondary coil end
discs: one's for the front and the other sits
on the coil's rear. A piece of composition
board or Ya-in. plywood does the job mate-
rial-wise. Drill six Ys-in. holes for each
switch point as our front-end disc layout
shows. Using a #28 drill, you bore a hole in
the center of the disc for the remainder of
the switch assembly. Following our dia-
grams, mount the entire rotary switch kit 'n
kaboodle on the front-end disc. Finish this
part of the project by soldering cach sec-
ondary coil tap to its switch point.

Brass Rails. Buy the secondary coil slide
rods from the least likely of all possible
electronic construction project sources—a

(Continued on page 104)

6-32 RH BRASS MACHINE
SCREW 374" LONG

ROUND HEAD IS

\ﬂ i) FILED FLAT

SWITCH POINTS

(6 REQ.)

6-32 RH BRASS
MACHINE SCREW

2" LONG

BRASS 6-32 BRASS
WASHERS HEX NUT\

HOME-MADE OR

~ PURCHASED IN-
\ SULATED KNOB

SWITCH LEVER BLADE ABOUT
174" WIDE AND CUT TO REQUIRED
LENGTH. USE SPRINGY THIN
BRASS MATERIAL.

COMPRESSION 10-24 ROUND
23‘&3},?{0“’7'8"'”5 SPRING ——) P KONURLED BRASS NUT
SLIDER SLEEVE N END OF WINDING —— /| |

i ‘ \ / BRASS
M ] WASHERS
Q \ |/ \
L Y A ey ) L8 1 N ]
WG ing 1 e -
/ . TAPI TAP2 TAP3 TAP4 TAPS5.-7 v
/ \ On Q«\-,\ Q. o
{ i Q A, N

te

3/8% b

T 3

NOTE: FOR CLARITY,ONLY ONE
SWITCH POINT IS SHOWN ON
FRONT-END DISC.

WIRE LEAD SOLDERED |
FROM SLIDER SLEEVE _
TO SLEEVE OF SWITCH
LEVER SHAFT

SLEEVE FOR SWITCH LEVER.
5/16"0lA, BRASS TUBE 3/4"
LONG. BORED THROUGH WITH
#28 DRILL
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Join the old timers, experiment with an electrolytic interrupter

ln the early days of radio, at the beginning
of the 20th century, experimenters tried
weird and wonderful ways to solve their
problems. Before the electron tube was dis-
covered by DeForest, most radio transmis-
sions were generated by spark coils. These
spark coils required an interrupted DC input
which was usually achieved by mechanical
interrupters.

Another method of interrupting DC was
the electrolytic interrupter. The electrolytic
interrupter used lead and platinum elec-
trodes immersed in dilute sulphuric acid.
Electric current flowing through the circuit
caused bubbles of gas to form on the plat-
inum electrode that temporarily interrupted
the circuit.

You can experiment with the electrolytic
interrupter by using our Liquid Pulse Gen-
erator, a modified unit that employs salt
water as an electrolyte, and lead wire solder
and a sewing machine needle as the clec-
trodes. We have included information for
the construction of an experiment board that

MaRrcH-APRIL, 1971

by Charles GreenﬁSFFﬂ

can enable you to observe generated pulses
on your oscillosope.

How-1t-Works. Pure water is a poor con-
ductor of electricity. When ordinary table
salt is dissolved in water, some of its mole-
cules are split up and the resultant ions of
chlorine and sodium cause the water to
become a good conductor of electricity.

When electric current flows between the
lead wire-solder electrode immersed in the
salt water electrolyte and the point of sewing
machine needle (serving as the other elec-
trode), gas bubbles are created. These gas
bubbles form at the junction of the needle
point and the electrolyte. Since at these low
voltages gas is an insulator, the DC current
flow through the circuit is interrupted by
the bubble. When the DC current flow stops,
the gas bubbles no longer form and they
are dissipated. When the gas bubbles are
gone, clectrical contact between the needle
point and the electrolyte is remade, and the
process is repeated indefinitely.

Construction. The Liquid Pulse Generator
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unit and the Experiment Board unit are both
built on 5-in. squares of 3-in. thick white
pine. Begin construction by cutting thesc
pieces to size.

Pulse Generator. The Liquid Pulse Gen-
erator is an assembly of units made of clear
plastic cut to the sizes shown in the draw-
ing. This assembly is mounted on a 2-in.
length of 34-in. diameter clear plastic rod
(D). After cutting support C to size, care-
fully drill a hole at one end so that C will
fit over D and can be moved up and down.
Mount a small set screw in a tapped hole on
this end of C so that it can be locked in
position on D.

Cut and drill G to size shown in the draw-
ing and then cut collar E so that G can fit
inside E. Mount a small set screw in a tap-
ped hole in E to lock G in place. Cement E
to the end of C as shown, and carefully drill
and tap hole in C, to fit the Y4-20 threaded
rod of B in the exact center of the space
within E.

A(NOTTE CONNECTION
)

Feed screw B is a 2-in. piece of '4-20
threaded rod cut from a longer piece. Solder
a sewing machine needle to the exact center
of B at one end and cut a slot for a screw-
driver at the opposite end of the threaded
rod. Insert the threaded rod into the hole in
section C, making surc that the sewing
machine needle tip passes frecly through
the small hole drilled in the end of G, as
B is turned with a screwdriver. Notch one
corner of machine nut A4 so that clip / can
be fastened to it. Install 4 on B.

Cut the plastic cup H to size specified in
parts hist. Mount it in the hole in the center
of the wood, base K. We sed a plastic coin
tube cut to the size nceded for our unit and
wrapped several layers of plastic tape a-
round the base of H so that the cup will fit
snugly in the hole.

Position the needle holding assembly so
that G is directly over the center of H and
fasten it permanently by cementing D to
the wood base K. In our model we threaded
a hole in the base of D and bolted D to the
wood base K. Connect the clip lead / to
Fahnestock connector J/. and wire leads to
J2. and J3 using solder lugs, wood screws

This neat, easy-to-make Pulse Generator is the heart of your experiments
with Liquid Noise Generator. All materials should be readily available; they
are easy to work with so with a little patience and care you should come up
with a perfect duplicate of our model shown here. Full dimensions and a de-
scription of material required for each piece is given in Materials and Parts
List. Each part identified by letter in photo can be found in Parts List.

ELEMENTARY ELECTRONICS
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APPROX
60° BEVEL <~

APPROX. 3/8"

LIQUID NOISE

(1) LIQUID PULSE GENERATOR UNIT
(See Dwg.)

A—1/4-20 nut to fit threaded rod(B).

B—1/4-20 threaded rod, approx. 2-in.
long.

C—214 x 1 x Y4-in. clear plastic sheet.

D—2-in. long x 34-in. diameter clear
plastic rod.

E—14-in. long, 74-in. diameter clear
plastic tube. (See drawing for drill-
ing details.)

F—6-32 x 54-in. set screw for E.

G—3/-in. x 54-in. diameter clear plas-
tic rod (shaped and drilled as in
drawing.)

H—Clear plastic cup, approx. 1Y%, x
1-in. high (see text).

I—Insulated alligator clip with 4-in.
lead.

J1, J2, J3—Fahnestock clips. (Lafay-
ette 33F71028 or equiv.)

K—3/-in. white pine 5-in. square.

HOLE TOFIT"

A > NOTE: SEE MATERIALS O Tl 45
R LIST FOR i O
{ DIM
' IMENSIONS e |IC sec
-8 PROBE
(174 ~20 THREAD} 20— — ve
M
\ THREADED HOLE ¢l
Y & 14
Gy TOFIT'8 APPROX. 30 1C —Q 7
——‘5/8"‘—- - 1 MF
80Q
¢ | ORILL HOLE @ © o
: 174" DIA. Ja J8
| /@\ 172" DEEP G
F | £

Schematic above makes an inter-
esting experiment board, which,
when added to Liquid Pulse
Generator, batteries and your
oscilloscope, provides a means

of experimenting by changing
circuits and/or components

and then observing their ef-

fects on the scope. Full di-
mensions and instructions

for the critical parts of

the Liquid Pulse Generator

" are included on this exploded

H diagram shown to the left.
DEEP

MATERIALS AND PARTS LIST FOR

GENERATOR

L—Small rubber bumpers.
M—6-32 x 54-in. set screw for C.

(2) EXPERIMENT BOARD UNIT

(See Dwg.)

Cl—.1 uf, 600V ceramic disc capaci-
tor (Centralab DF-104 or equiv.)

J1, 12, 13, J4, 15, 16, J7, J8—Fahne-

stock clips (Lafayette 33F71028 or
equiv.)
R1—680 ohms, 109%
sistor.
Tl—Audio transformer, single plate
to single grid, turns ratio 1:3 (Allied
54D2062 or equiv.)

MISC.—3/ in. white pine 5-in. squares.
small rubber bumpers, solder lugs and
hookup wire, pure lead wire-solder.
Oscilloscope
Spst Knife Switch
Batteries (approx. 18 volts—see text)
Table Salt (see text)

Wire Solder (see text)

14, watt, re

[

as shown in schematic and drawing. Posi-
tion the components as shown in the draw-
ing and photo.

Experiment Board. Next mount the com-
ponents on the wood base as shown in the
photo and schematic of the Experiment

MARCH-APRIL, 1971

Board. Mark the fahnestock clips with their
respective designations of J/ to /8 We
mounted small rubber bumpers on the four
corners of the bottom of both wood bases.
Experiment No. 1. Connect the Pulse
Generator unit, Experiment Boa d. batter-
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Ja
J3

We're all familiar with that

old cry of the usher—you can't
tell the players without a pro-
gram. Well, we claim you can’t
experiment without the proper
setup—so—we made the ex-
periment board for you eager
beavers to make your experi-
menting meaningful. it's simple
to build and worth the effort.

ies. knife switch and on oscilloscope as
shown in Block Diagram No. 1. We used
three 6-volt lantern batteries for an [8-volt
supply, but any voltage from 12 to 24-volts
will be adequate for the experiments.

Place a length of wire-solder (preferably
plain, pure lead solder—do nor use acid
core solder) coiled inside the bottom of the
plastic cup of the pulse generator, and con-
nect the end of the wire solder to J3.

Mix approximately Y4 teaspoon of table
salt (sodium chloride—NaCl) with enough
water to fill the plastic cup to about Y4-in.
from the top. Remove plastic shell G from
the assembly and adjust the probe so that
the needle point just touches the surface of
the salt water electrolyte. Finger tighten nut
A on this probe to prevent movement of the
needle and attach the alligator clip lead from
J1 to the nut.

Close the knife switch (ON) and adjust the
probe for maximum pulse amplitude as seen
on an oscilloscope. Adjust the oscilloscope’s
vertical sensitivity for a convenient display
height on the CRT. Adjust the oscilloscope’s
time base for a slow sweep for best display
of the pulses. Observe that the pulse display
is comprised of many small spikes and few
large pulses. This indicates a high noise out-
put.

Experiment No. 2. Open the knife switch
(OFF) and disconnect the pulse generator
lead and oscilloscope leads from the experi-
ment board. Reconnect them as shown in
Block Diagram No. 2.

Close the knife switch (ON) and again
adjust the probe for maximum pulse display

JIL,J2- PRI

J5,J6-SEC.

on the oscilloscope CRT. Observe that the
pulses are much sharper, and have greater
amplitude. This is because the pulse from
the liquid generator DC circuit is increased
in voltage due to the inductive kick from the
primary of T/.

Experiment No. 3. Open the knife switch
(OFF) and remove the probe from the
liquid generator assembly. Install the plastic
nozzle G. Adjust position of C until the
nozzle tip just touches the surface ot the
salt water electrolyte.

Insert the probe B into the assembly, and
adjust it so that the needle tip is protruding

Here's an uncluttered view of our
Liquid Pulse Generator. It's versa-
tility shows through its neat design.

ELEMENTARY ELECTRONICS
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Here are connections

LIQUID PULSE EXPERIMENT SCOPE for a basic experi-
GEN. BOARD ment using various
ShEnE Ti units constructed from
ol de directions in text.
PRI SEC Once it's mastered go
OVERT. :
) INPUT to other experiments
2(+ 1(- 3 )
J J e il L YT using same units, but
develop your own

KNIFE
18v SWITCH
—*—M'I'I‘J'

interconnections. Just
take care not to harm
any of the units that
are interconnected.

into the small hole in the nozzle. Connect
the clip to the nut and close the knife switch
(ON).

Adjust the probe B for maximum pulse
amplitude on the oscilloscope. Also adjust
the nozzle assémbly G at the point where it
touches the electrolyte. Observe that the
pulse display has a much sharper waveform,
at a lower display rate, than without the
plastic nozzle in the previous experiments.

Reason for this is that in Experiments |
and 2, although the needle was adjusted so
that its tip was just touching the electro-
lyte, the shank of the needle was exposed so
that bubbles of gas surrounded by a thin
film of electrolyte produced a profusion of
interruptions. Whereas in Experiment 3, the
plastic nozzle prevents this build-up of bub-
les on the needle shank. Just one bubble
forms at one time; therefore, it takes longer
to form and it will be larger in size.

You can make further experiments with
the Liquid Noise Generator by substituting

plastic nozzles with different sized holes,
and probes with broader points in place of
the needle point. [ |

Here's how schematic shown in above
basic experiment looks in the flesh.

LIQUID PULSE EXPERIMENT

GEN. BOARD rees

eu O

PROBE NES ol ;7

R
680{) VERT.
3 il OINPUT
J2® uIc =@ O+
Ja 48 HO 6ND

KNIFE
- 5 SWITCH
L

To improve on clarity and definition of pulse displayed on your scope try

hookup shown in this schematic. It's easy to see on actual scope photo that

pulse is more sharply defined and much cleaner with lots less noise in this
experiment than in the basic one shown in photo above this one.

MARCH-APRIL, 1971
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Clip Book Circuits

=IIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
s ECONOMY CPO I
[
[
E PARTS LIST - ci £t
= B1—4.5-V battery HEP-64I c2
= €1—0.02-uF, 10-VDC capacitor
» €2—0.22-uF, 10-VDC capacitor
- E1—2000-0hm magnetic earphone R4
— Q1—HEP-641 npn transistor (Motorola)
- R1—2700-ohm, Ya-watt resistor
- R2—1500-ohm, Y2-watt resistor
H R3—27,000-ohm, Y2-watt resistor
- R4--50,000-ohm potentiometer
g sY,
™ lll—-O
B Components you have lying about might A 8,
E make this simple, budget CPO (code prac = TO KEY
m tice oscillator). Using component values — AAA~
= given, the tone frequency is approximately
- 800 Hz. It can be changed by substituting should always be about 10 times larger
m different values for C1 and C2, but main- than Cl. Battery current drain is only about
B tain the same capacity ratio. That is, C2 1 milliampere.
]
[ ]
=UI’I’IIIIIIllIIIIIIIIIIIl’II’IIIIIIlIIII'III'II'III'IIIIIIIIIIIIIIIIIIIIl
2 FANTASTIC FUZZBOX
a
- 8l
= 1.5V DC
] /
] O
-
m
]
u
m
-
Q2
= 2N26i3
]
=
]
=
]
=
]
]
]
-
-
]
-
m Add that 'way-out NOW sound to any elec PARTS LIST
B tric guitar by connecting the Fuzzbox be-
: tween your guitar and amplifier. Potentio- B1—1.5V AA battery
: meter R3 sets the degree of fuzz, R8 the g; %3?0.31-%,(: 3-\I/D(i cla?'acitor 0
! —5-uF, 3- electrolytic capacitor
= °F’tp“t i Q1, 02—2N2613 pnp transistor
m Since the fuzz effect cannot be completely R1, R6—22,000-0hm, Y2-watt resistor
: eliminated by R3, fuzzy-free sound requires ::2;_ i8 000-rc‘>hm, lt/z-v:_att rtesistor
m a bypass switch from the input to output — 1-megohm potentiometer
o : . R4—100,000-0hm, Y2-watt resistor
: tgrmmals. The switch should compl'etely RS, R7—10,000-0hm, Ye-watt resistor
B disconnect the fuzzbox output; the input R8-50,000-0hm. audio-taper potentiometer
B can remain in parallel with the bypass S1—Spst switch
m switch.

ELeMeENTaRY ELECTRONICS



Mix-up
the boys
in the band

ix

by Joseph J. Carr

o, we're not in the genetics business!
We’ve got an interesting four position
audio mixer, designed around an RCA in-
tegrated circuit (IC), that can be built for
just a few dollars worth of parts and about
one evening’s worth of your leisure time.
What can you do with it? It’s an excellent
pre-amplifier/mixer that will let you feed
four different audio signals into a single in-
put of your power amplifier and individually
adjust their volume levels. You may have
organized a new rock group that owns up to
four guitars that you want amplified to get
that solid sound the group is capable of pro-
ducing. Easy to do with Quad-Mix. Just
feed the outputs from the electrical pickups
on the guitars to the individual input jacks

MaRrcH-APRIL, 1971

of Quad-Mix and feed the output of Quad-
Mix to the input of the PA amplifier. If
your group doesn’t use four guitars, you can
connect one or more microphones to the un-
used inputs on Quad-Mix and blend the vol-
ume level of instruments and/or voices for
the specific effects you want. Quad-Mix has
sufficient gain to raisc the low level output
of musical instrument pick-ups and most
microphones to drive the average PA to full
power and perhaps, even beyond into dis-
tortion.

How It Works. Input jacks J1 and J2 are
connected through potentiometers R1! and
R2, which serve as series mixers, to feed one
of the two pairs of Darlington connected
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/ QUAD-MIX

This handy, portable, self pow-
ered four position mixer lets
your group sound its best
over any PA. Each of four in-
struments or vocalists can
be individually blended and
the overall level adjusted
and fed to a simple amplifier
input via the master level
control

MIXER #1

transistors that make up the IC. Input jacks
J3 and J4 are similarly connected through
potentiometers R3 and R4, which serve as
series mixers, that feed the second pair of
Darlington connected transistors of the IC.

Resistors RS, R6, R7 and R8 were pur-
posely made fairly high in resistance to as-
sure freedom from interaction between the
potentiometers or affecting overall gain due
to variations in setting of any of the con-
trols. If they were not a fairly high resist-
ance, it is possible that differences in set-
tings of the two potentiometers associated
with their common amplifier would be ef-
fected. This would be particularly true in the
event one of the potentiometers in the pair
should be set at minimum gain (near or at
ground).

The RCA KD-2116/CA3036 integrated
circuit (IC) contains two low-noise, wide
band amplifier circuits in one package. It
has two isolated inputs and a common out-
put connection. Each of the amplifiers is

!/

J5-0UTPUT J4
-INPUT #4

MIXER #2

MASTER LEVEL
CONTROL

MIXER #3 MIXER #4

comprised of Darlington connected transis-
tor pairs arranged in a differential amplifier
configuration. The IC is housed in a stan-
dard 10 lead TO-5 package.

When used as an audio mixer in our
Quad-Mix, the IC is employed as a dual
input active mixer. By combining two pas-
sive mixer circuits, one dual passive for each
of the active sections of the IC, the unit can
mix, and individually adjust, the level of a
total of four different transducers (pickups)
or microphones. Since total current drain of
the IC is only 50 mA, we power Quad-
Mix from a 9 V transistor radio battery
mounted in Quad-Mix’s cabinet. Another
advantage of the battery supply is that it
makes Quad-Mix portable and indepen-
dent of the 117 VAC power lines. This also
results in a much quieter hum free operating
mixer.

Making A Quad-Mix. Since the mixer is
small and designed for portable use, we
housed it in an attractive hooded front alu-

Connections from microphones
and/or pickups are easily and
quickly made to Quad-Mix by
regular easily available phone
plugs as is output lead to PA
amp. Input and output jacks
neatly arranged on rear apron.

J3 J2 Ji
SINPUT #3  -INPUT#2 -INPUT #1
ELEMENTARY ELECTRONICS



MIXER-I

B1—9V transistor radio battery (Ev-
eready 216 or equiv.)

Cl, €2, C4—10 uf, 12 VDC electrolytic
capacitor. (Calectro A-1-10A or equiv.)

€C3—500 uf, 25 VDC electrotytic capaci-
tor (Calectro Al1-132 or equiv.)

IC1—RCA KD2116 or CA3036 dual dar-
lington array, monolithic silicon inte-
grated circuit.

*J1, J2, J3, J4, J5—Standard closed cir-
cuit jack (Switchcraft 112A or equiv.)
P1-—Standard 2-conductor flat phone
plug (Calectro F2-819 or equiv.) (As
many as needed for input and output

—maximum of 6)

R1, R2, R3, R4—500,000 ohm, audio
taper, potentiometer (Calectro B1-688
or equiv.)

R5, R6, R7, R8—150,000 ohm, 14-watt
resistor

R9, R10—220,000 ohm, 1/, watt resistor

R11, R12—56,000 ohm, 1%, watt resistor

R13—1,500 ohm, Y, watt resistor

R14—10,000 ohm, 14, watt resistor

R15—1,000,000 ohm, audio taper, po-
tentiometer with s.p.s.t. switch (Calec-

e

sl
a
e "
7 é l (PART OF
RS RIS)
INPUT L
: MIXER-2 1 W
N B AsSE
E J2
ct
77 1+
INPUT 2 i
MIXER-3
il c\f+
J3 Pl
10uld OUTPUT
7 o | ouTPUT
INPUT . LEVEL
(54 CONTROL
V] 7
J4 -
ﬂL 500K A
INPUT & PRINTED CIRCUIT BOARD

PARTS LIST FOR QUAD-MIX

tro B1-692 or equiv.)

1—Battery Connector (Calectro £3-052

or equiv.)

1—Battery Holder, (Keystone 203P or

equiv.) (See text)

1—Hooded atuminum metat cabinet 3 x

5 x 8-in. (Lafayette 12F85956 or equiv.)
4—Knobs black with silver trim, 1-in.
diameter, (Calectro E2-720 or equiv.)
1—Knob black with silver skirt and silver

trim, 1%s-in. diameter (Calectro E2-717
or equiv.)

1—3 x 6-in. piece copper clad, phenolic

printed circuit board (Calectro J4-605)

Misc. Hookup wire, bolts, nuts, solder

lugs, solder, spacers, printed circuit ma-

terial (See text) etc.

*Note: You can get a 6 or 12 ft. shielded
lead fitted with standard phone
plug on one end and pig tails on
other end (6 ft. Calectro 30-450S
12 ft.,, Calectro 30-451-S or
equiv.) to use for an output lead.
If either of these cables are pur-
chased one less plug may be all
that are required.)

minum cabinet that's only 3-in. high. 8-in.
wide, and S-in. deep overall. Although we
haven’t finished the aluminum cabinet of our
model, you can, if you have a more artistic
nature, paint yours an appropriate attrac-
tive color or you can cover it with pressure
sensitive plastic sheeting (CONTAC or
equiv.) that comes in cither in woodgrains,
solid colors or patterned prints.

We suggest you identify cach of the con-
trols and input jacks by applying transter
letters and digits (Datak or equiv.) once the
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Ever wonder what's crammed into the
TO-5 case of an IC? Here’s a schemat-
ic, base pin arrangement of CA3036.
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You can appreciate how welf
planned Quad-Mix has been
conceived from this view show-
ing what's inside its attrac-
tive housing. Each component
is identified to help you in
laying out your own unit. Just
follow our suggestions for
wiring and you’ll wind up

with surprizing success.

newly applied spray paint or plastic sheeting
has thoroughly dried. You should spray the
letters and digits with a very light coat of
clear plastic to protect them from scratches
etc.

First step in fabricating your Quad-Mix
is to make the printed circuit board. We
have included a full sized pattern to assist
you. Rather than repeat instructions on how
to make printed circuit boards we refer you
to the construction article titled Touchdown
Twinhaler in the September-October issue of
ELEMENTARY ELECTRONICS. Detailed
steps for making printed circuit boards are
outlined on pages 32 and 33 of that issue.
Or, you may preter the more simplified
method made available in the kit reported
on in the November-December 1970 issue
of ELEMENTARY ELECTRONICS.. .

While the etching process for the printed
circuit board is in progress you can spend
this time in laying out and drilling the chas-
sis. Since you are dealing with very
high gain units. we suggest that you

ICl
|

RI3 RIO C3 U5

RIS

RI2 R4 R9 R4 ca
input and output leads, which makes for a
stable amplifier.

By the time the holes have been located
and at least partially drilled, the etching of
the PC board will have been completed. If.
by chance, layout and drilling takes longer
than the recommended etching time, follow
those etching timing instructions explicitly tn
preference to completing the drilling which
can be completed after the etching. Once
etching is completed rinse the board thor-
oughly, dry it, and put it aside.

Finish the drilling and de-burring of all
holes then apply either the viny! covering or
the spray paint to the cabinet and front
panel. During the time the finish is setting
thoroughly, mount all components to the PC
board and the chassis. Save the mounting of
the IC on to the PC board for the last task.
Double check to be sure that you have it
properly oriented before applying heat from
the soldering iron. Use a small, low wattage

i ¥ INPUTS OUTPUT
follow our layout. A great amount = = = = E/JACK
of thought has been put into it to :
reduce, to a minimum, input-output NI O 3 ) ‘J_4‘ IJ_5‘
coupling. With this layout vou are
assured of maximum separation of A I

CROUND L0G #22 8US WIRE

Because actual photo of Quad-
Mix doesn’t show ground buss TO PC BOARD
details too clearly we had GROUND LUG
this pictorial layout draw-
ing made. From it you can °He T Yol 1 ¥
readily determine just where
and how to run grounding
leads between components.

RI R2 R R4 RIS

ELEMeENTARY ELECTRONICS



TO-9V(B1)\ TO +9V(B1)

TO INPUT -
POT. (R3) R7 RIZ%
oo B PR o B o oureuT
POT. (RA) ~asnas e 55 Ramunn W § .
RS ICt .+ C3 c4

TO INPUT__ I oD o BB 59, (9 ¢ miad T
POT. (R1) 3 A\

© Re LR ‘
TO INPUT s R”%RB% :
POT. (R2) | w

Here's a foil side view of printed circuit board showing where each component is lo-
cated. Components mounted on top side of board and are soldered to foil on bottom.

iron to avoid damage to the IC. the capaci-
tors and the PC board from excess heat.
Make certain too that clectrolytic capacitors
are properly polarized before soldering them
into the circuit.

A short scrap of coiled spring, extended
beiween two solder lugs makes up the bat-
tery holder on the inside of the chassis. You
may prefer to buy a standard battery holder
since they are inexpensive and do a good
job of holding the battery in place. We've
listed one in the parts list along with a
standard battery connector.

Bond the ground side of the four input
jacks to a common ground point on the PC
board. Do the same for the ground point of
the five potentiometers. Easiest way to do
this is 10 loop a bus wire from ground lug

to ground lug of each ol the components
involved and terminate the loop on a ground
point of the PC board. Use separate loops
for the jacks and potentiometers and make
each loop as short and direct as possible.

A bundle. or harness, made of four dif-
ferent colors of insulated hookup wire con-
nects the high side of each jack to the high
side of its respective potentiometer. Clamp
one cnd of four lengths of difierent colored
wire, each about 2-ft. long, in the jaws of
your bench vise. Clamp the other ends into
the chuck of your hand drill. Twist them
together 1o make a neat tightly twisted bun-
dle: once removed from the vise and chuck
they’ll hold together. To assure their holding
together you may wrap the bundic at sev-
eral points with 's-in. wide strips of insulat-

Easy way out is to order completely etched printed circuit board by filling in coupon
on opposite page. If you're a brave or venturesome soul you may want to roll your
own. There've been several articles in previous issues of this magazine telling you how.
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ing tape. Locate the harness with one end
centered between pots 2 and 3, fan out two
leads to the right and two to the left of this
center position and solder them to the high
side of each potentiometer. Neatly fold the
bundle to conform with the bends in the
chassis, crossing under the PC board and
comming inside up the rear apron of the
chassis between input jacks 2 and 3. Follow-
ing the color scheme used in connecting the
pots match the fan out and connection to
high side of the jacks so that the same color
used for a potentiometer is used for the cor-
responding numbered jack. (i.e. Jack | to
pot 1 etc.) Center contact of each input
pot is connected to ils respective resistor.
mounted on the PC board. through connect-
ing pods on the left hand side of the board
(see photo). The output lead from the cen-
ter of the master control potentiomcter to
the outjut jack is dressed under the PC
board’s right edge, close to the chassis. The
lead to the high side of this pot is connected
to a pod on the PC board near the right
edge.

Once the four input, one output and the
battery connector leads are soldered to the
PC board it can be fastened to the chassis.
Use 'a-in. spacers or extra 8-32 nuts to
raise the board above the bottom of the
chassis to avoid shorting any of the PC
board ribbons or solder mounds. Before
tightening down the board check out the
circuit to be sure you've not made any mis-
takes. If all checks out mount and connect
the battery.

You've Done It. Now you are ready for
The Big Thrill—checking the mixing action
and actually putting Quad-Mix into use.
You'll need a shiclded lead between the out-
put jack of Quad-Mix and the input con-

-------- L L L L R R L R R R R R R R R R R R R N

QUAD-MIX PRINTED CIRCUIT BOARD ORDER BLANK

ELECTRONICS HOBBY SHOP
PO BOX 587
Brooklyn, N.Y. 11202

Please rush your Printed Circuit Board for the Quad-Mix project at once. | am enclosing
$4.00 for board plus 75¢ to cover costs for handling and postage.

We made battery holder from old spring.
It you'd rather, buy one per Parts List.

nector of your amplifier. In all probability
the plugs for both the Quad-Mix output and
the amplifier input jack will be the same,
standard tip-slecve phone plugs. Betore pur-
chasing parts to hold Quad-Mix check for
the correct input plug so you can add this to
your parts purchase and have everything
available at the same time. It is best to keep
the interconnecting lead between Quad-
Mix and the main power amplifier as short
as possible; in any event never longer than
25-ft. The shorter this lead is the less chance
there will be for picking up electrical inter-
ference. Also, by keeping the lead short ca-
pacity between ground (shield) and the hot
side (center conductor) will be small to re-
duce high frequency attenuation. After all
you want to get the widest band of fre-
quencies from the instruments to the am-
plifier.

You might also check the connectors on
the leads from the guitars and/or micro-
phones you're going to use with Quad-Mix.
You do want to be able to plug them into
Quad-Mix after doing such a fine job of
building it. It they don't match the input
jacks buy suitable plugs for them as speci-
fied in the parts list when purchasing all of
the other parts. So now that you've com-
pleted the construction and tested out your
Quad-Mix—go ahead and surprise ecvery-
one—use it on your next performance. W

Name__ . — —

Address__ = — - s s —

City___ - State. o _.Zip. —
Sorry, this offer expires November 30, 1971 2

Ceccssesnencccrscrernnnens D N L mesbrament
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TALLIN NS
DXing Russias Other Uoices

Russia is a riddle inside a mystery wrapped in an enigma!
Sir Winston Churchill

inston could—like a printe minister should —turn a
Wcatchy phrase when he chose. But few Churchillisms hit
the mark as accurately as his definition of the Soviet Union,
rasped out during a BBC speech one night in October 1939.
In Russia, things seldom are what they seem and Winnie’s
words now seem particularly apt in describing the shortwave
scene. For, contrary to popular notion, there’s much more
detail in the DX picture than just Radio Moscow.

In Amharic and Zulu, and dozens of languages hetween, the
Kremlin weaves its propaganda thread around the globe.
English programming, for instance, is heard  (Turn page)
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from no less than five different overseas
services beside Radio Moscow. At home in
the USSR, domestic networks span a sixth
of the inhabited world, programming in 60
different Soviet languages to the peoples
from the Baltic and Black Seas to the Pacific.

Russian shortwave transmitters are lo-
cated in some 100 cities. Many of these
are used interchangeably by the various for-
eign and home services, depending on the
time of day and the audience. Station iden-
tifications often aren’t much help. Programs
produced in Moscow, or in other regional
capitals, actually may be radiated from trans-
mitters thousands of miles away.

The announcer says. “This is Radio Mos-
cow.” But the signal really may be coming
from a transmitter in the Ukraine, or the
Far Eastern Kamchatka Peninsula.

Other Voices. Ditto for most of the other
English language programs. Radio Kiev,
best known of Russia's other voices, has
a popular DX program Mondays, Tuesdays
and Fridays at 0030 GMT. Though tape
recorded in the Kiev studios, it’s transmitted
on various frequencies by stations outside
the Ukraine. Armenia’s Radio Yerevan
has some English around 0300 GMT, during
the first portion of a transmission to the
western United States. But these programs
really come from outlets in Asiatic Russia,
not Armenia. And English may be heard
during Radio Viinius’' overseas service for
Lithuanians abroad. Recorded at Vilnius,
usually it is aired by a number of ditferent
stations elscwhere in the USSR.

It isn’t that the Kremlin’s masters are
trying to be tricky. Idea is that with so many

View of Tashkent. City is the home of Radio
Tashkent, one of Russia's other voices.
Rodina cinema house is seen in this picture.

A0 4

One of the many Radio Moscow QSL's that
have been issued over the years. If you
request, staff’ll show on QSL transmitter site.

different audiences to reach and with so
many stations and programs to operate, the
situation is complex and confusing.
Though it is never quite admitted, what is
clear is that sometimes the left hand doesn't
know what the right is doing. For instance,
Radio Moscow, while verifying reporis for
its own programs. tells SWLs that it is
unable to issue QSL cards for the other
foreign or home services. Having made the
point that it's usually tough to keep track
of which Soviet tramsmitters broadcast
which programs, on which trequencies, and
when, let’s take a look at somc of the other
Russian shortwave voices.

Touring the Borscht Belt. From a politi-
cal standpoint, one of the most interesting
stations on a SWLs DX agenda is Radio
Peace and Progress. It shouldn’t surprise you
to learn that it uses the same series of trans-
mitters as Radio Moscow. But its programs
present another image of the Soviet Union.

Sovietologists maintain that Radio Pcace
and Progress speaks for the international
Communist movement and reflects covert
Russian foreign policy. Radio Moscow, on
the other hand, skips the vitriolic, anti
American blasts and carefully polishes the

ELEMENTARY ELECTRONICS
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QSL card issued by Radio Tallinn, located in
Tallinn, Estonia, SSR. Note that one freq-
listed—1034 kHz—is on Broadcast Band!

Kremlin's “nice guy” public posture.

Not so, says Moscow. Radio Peace and
Progress is a private radio station belong-
ing to Soviet public organizations. fts broad-
cast targets are Europe, Asia, Australia,
Africa, the Near and Middie East, ard
Latin America. The claim is that the station
presents Russian public opinion—the collec-
tive views of lIvan Q. Public—and not
necessarily those of the government. Because
of its alleged “private” status, Russian au-
thorities maintain there is no governmental
control of program content.

Radio Peace and Progress began opera-
tions in 1964 with Spanish programs to
Latin America. Today it uses a dozen dif-
ferent languages and dialects. English pro-
grams to Africa can be heard at 1430 GMT.
Other English language programs for Asia
are aired at 1030 and 1530 GMT on various
common Radio Moscow channels. These
broadcasts clearly are not intended for
American audiences. But, they are readilv
heard Siateside, and present an interesting
contrast to Radio Moscow's programs.

I you’re game to tackle some of the
many non-English shortwave (ransmissions
from the USSR, the field is wide open
There are all sorts of domestic programs in
Russian and the other national lingos that
are interesting DX. With a little experience
you can learn to pick out identifications,
despite the fact they’re not in English.

National nyet-works. Among the national
networks. the First. or “All Union™ Pro-
gram is intended chiefly for European Rus-
sia. Its schedule is heavy on classical music.
lectures and newscasts. Similar are the so-
called Fourth and Fifth Programs, but
they are timed for audiences in the Far
Eastern and Siberian regions. Still another
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service is aimed at the more cosmopolitan
Muscovites.

An identification often noted by SWL's
is “Radiostantsiya Yunost.” This is a special
daily broadcast for members of Komsormol,
the Communist youth organization. Another
frequently heard is the “Majak,” or light-
house. program. This is aired on a 24-hour-
a-day basis throughout the nation by trans-
mitters in many cities. Majak programs are
lighter and brighter than the rest, featuring
more popular music. Its interval signal—an
old Russian folk tune popularized in the
U.S. as “Midnight in Moscow"-—makes it a
cinch to spot.

Not forgotien are those who, for one rea-
son or another, have left the homeland.

‘Radiostantsiya Rodina” is a service for
Russian—and Armenian, Latvian and Esto-
nian—citizens abroad. Sovict fishermen are
kept in touch with home by “Radiostant-
siya Atlantika.” transmitted by stations in
Latvia and European Russia. Radio len-
ingrad has a similar program for Baltic
Sca trawler crews that operate out of 1its
port. Still another maritime service is “*Radio-
stantsiya Tikhiy Okeahn,” Radio Pacific
Ocean. broadcast by stations at Patropa-
lovsk-Kamchatskiv and Vladivostok. This
one may be heard during the morning hours
when Asian signals are coming through.

With all of these, a pair of sharp ears will
help you pick out the announcements. Figur-
ing out actual transmitter location is another
matter. But, then, who cares about that
anyway? Hide and seek is kidstufT.

Hear one Ruskie and you've heard ‘em all.
right? Uh-uh, and you can bet your sweet
samovar on that. True, the Soviet Union is
the most highly unified politicil monolith
around today. But for DXing purposes, most
shortwave listeners consider cach ol Russia’s

Probably the most famous photo of Moscow,
this picture of Kremlin in known worldwide.
Red star is on top of foreground tower.
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internal “republics™ a separate count:y 10 be
logged. Tuning broadcasts from stations in
each of these regions included in DX country
lists is a real challenge. And o do this you
need to know if a particular signal is coming
from Kursk, Kiev or Khabarovsk!

The DXer's World-Wide Poop Sheet. One
way to do it is o invest in “Teniative High
Frequency Broadcasting Schedules,” pub-
lished regularly by the Swiss-bascd Interna-
tional Telecommunications Union. These
lists will tell vou what you need to know.
frequency, transmitier location. current op-
erating schedule, and much more, about
stations in the international shortwave bands.
They’li help you not only with the Russians,
but with all your DXing.

“Tentative High Frequency Broadcast-
ing Schedules™ are issued four times a year
and cost about five bucks each. or $S20
more or less. for a year’s worth of up-to-date
DX data. The latest list is available by mail
from the ITU. Geneva, Switzerland. They
have other useful publications o and a
price list is free for the asking. Admittedly
the ITU lists are a bitr steep for the average
guy on a budget. And. while useful, thev're
not essential for DXing some of 1he regional
Russian outlets.

Luckily, some of the stations in the Soviet
“republics” operate on predictable schedtiles
and frequencies. For example, thougn Radio
Kiev’s English programs generally are aired
by transmitters outside the Ukiame, you'll
find the real thing can be fogged on 1.240
kHz., around 0330 GMT. No English, of
course, but the Ukrainian identification
“Hoverit Kiyiv” is the tipoff.

And the real Radio Yerevan, its trans-
mitters actually in Armenia, can be heard
occasionally in Russian and Armenian on
5,740 and 7,270 kHz. Try for “Erevan
Khosum™ on 7,270 kHz. around 0430 GMT.

An English language program intended for
foreign audiences is broadcast by Radio
Tashkent each day from 1200 to 1230
GMT on 9,600 and 11,925 kHz. It’s casily
heard and will give you another “country”
to count since its transmitters are within
the Uzbek “republic.”” Home service pro-
grams in Estonian, from Radio Tallinp,
6,085 Kkhz., are normally blocked by a power-
ful Radio Nederland on the same wavelength.
But the Dutch station takes a brief break
about 2120 GMT. So. while difficult to log,
Radio Taliinn sometimes slips through ror
a few minutes. Okay. that's the Soviet DX
lowdown for now. As you can readily <ee,
Russian S\Ling is not reaily a riddle in-
side a mystery wrapped in an enigma. [ |

View of Khreshchatik Street, one of many
modern thoroughfares in city of Kiev.
City is Ukranian capital, one of the

major broadcasting centers of USSR.

Try tuning in Radio Kiev on 4940 kHz
about 0330 GMT. Listen for Ukrainian
identification ‘“‘Hoverit Kiyiv'’ as tipoff.

SOVIET DX

Station kHz. Best Listening

(Radio—) Time (GMT)
Armenia Yerevan 5740, 7270 About 0430
Asiatic USSR | Vladivostok 5015 Early mornings
Estoni.a Tallinn 6085 2120 (see text)
Georgia Thblisi 5040 Evenings
Kazakh Alma Ata 9250, 9380, 10530 | 0130 to 0300
Kirghiz Frunze 4008 Early evenings
Tadzik Dushanbe 4635 Early evenings
Turkmen Ashkhabad 4825 About 0215
Ukraine Kiev 4940 About 0330
Uzbek Tashkent 9600, 11925 1200toc 1230

ELEMENTARY ELECTRONICS



Ten timely tips
for resistance
measurement

By Marchall Lincoln, W7DQX

Resistance measurements must be one of
the most misunderstood tasks under-
taken by electronic’s bufls. Why? Because a
good many of us don’t really understand
how resistance is actually measured.

Since the meter we use can’t think for it-
sclf, we must use it properly to obtain the
correct results. Like all electrical instru-
ments, of course, a meter performs accord-
ing to electrical laws which cannot be vio-
lated. But it may not give us the results we
want, or the results we rhink we're getiing,
unless we use it properly.

1 For our first tip. all we need do

is look at the ohmmeter scale on the face
of our handy VOM. Notice how the
numbers indicating resistance are squeezed
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together near the high end of the scale?
Down at the low end, the numbers are
spread out where we can casily read them—
the number 1 is a fair distance from 2, and
2 is almost as far from 3 and so on.

But up at the high end, we see that 200 is
about as close to 500 as 1 is to 2. And 1k
and 2k are practically on top of each other.

This compression at the high end of the
scale is normal for an ohmmeter, and there’s
nothing we can do about it. But what we
can do is make use of this situation so it
works to our advantage.

How? Very simple—just remember to use
the right two-thirds or so of the scale, where
the numbers are spread out the most, when-
ever possible. This will allow you to read
much more clearly just exactly what calibra-
tion is being indicated by the meter needle.
If the pointer stops far to the left, where the

20,000 DC
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scale calibration is greatly compressed, the
thing to do is switch the meter's range
switch to a higher resistance range so the
needle will drop to a more usable part of the
scale. And don't forget to re-check the
zero-set adjustment when you do this, since
it may need re-setting for the new range.

If you're already using the highest resis-
tance range. then to achieve a more accu-
rate reading vou'll have to use a different
method for measuring high resistance. as
explained in Tips 8 and 9 which follow.

2 Our sccond tip is another simple
item often overlooked. Did vou ever notice,
when holding ohmmeter prods tightly
against the leads of a resistor, that the ohm-
meter ncedle couldn’t seem to make up its
mind just where to stop? Then you probably
discovered that as you pressed the test prods
tighter against the resistor leads. you got an
indication of lower resistance on the meter.

Al ha, you thought, there's some corro-
sion on the resistor leads and I'm pressing
the test prod through it and gerting berrer
contact with the wire. This may have
been true. But there more probably wus an-
other reason for this occurence. or lor the
major part of the effect.

It's simply that the meter was measuring
not only the resistance of the little resistor
you held agairst the prods. but the resis-
tance of your body as well! When vou
pressed harder on the prods. you also
brought more skin area into contact with
them.

So. you should be sure. especially when
using a high-resistance range, that you don’t
touch the metal tip of the test prods. Or if
you do touch a prod. touch only one—never
both. Use an alligator clip on one lead so

you don’t have to hold it in contact with the
resistor lead.

On low-resistance ranges, the effect won’t
be noticeable, since your body resistance is
rather high. For this reason, connecting it
in parallel with the resistor you’re measuring
will have little effect.

3 Another often-overlooked item
that can have a large effect on the accuracy
of an ohmmeter is the condition of its bat-
tery. Every ohmmeter has a small battery
inside its case to supply the small current
which passes through the resistance being
measured. The amount of current which
flows gives us the ohmmeter indication.

However. if the battery is weak. the in-
dication may become false if we hold the
test prods on the resistor for any length of
time. Reason is that the battery voltage may
drop during this time. And if the battery
voltage changes aftcr we set the meter to
zero, we'll get a talse meter indication.

There's a simple way to check the battery
condition without opening up the meter case
and removing the battery. When you touch
the prods together and adjust the zero-set
knob to prepare to make resistance mea-
surement, hold the prods together for sev-
cral seconds longer and watch the meter

Above—Be sure battery in your
VOM is putting out enough
voltage if you want accurate
resistance readings. Keep test
leads together for a few sec-
onds to be sure zero setting
remains constant. Left—Never
hold both test probes in your
hand when checking resistance,
your body resistance in paral-
lel with resistor being meas-
ured affects reading.
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needle closely. If it stays at zero, the bat-
tery voltage is holding steady. But if the
needle begins to slowly move upscale, the
battery voltage is dropping, and the battery
should be replaced.

Make a habit of performing this test each
time you use your ohmmeter. This way,
you'll always know for sure if the battery is
in condition to give you accurate measure-
ments.

4 An ohmmeter can be put to handy
use in checking for one of the peskiest of all
troubles that may occur in a vacuum tube—
an intermittent short between elements.
This is a condition that may not show up on
a conventional check in a tube tester.

This test is made with the tube plugged
into its regular socket in radio or amplifier
or whatever. The heater should be lit, but
there should be no voltage on either plate
or screen. After the tube is thoroughly
warmed up, use the ohmmeter to check for
continuity between each pair of tube socket
terminals in all possible combinations. Be
careful, though—don’'t connect the ohm-
meter across the heater pins'

Tap the tube firmly with the rubber era-
ser on the end of a pencil while making each
of these checks, and watch the ohmmeter
closely. If there’s a momentary flicker of the
ohmmeter needle, there is contact between
tube elements, and the tube should be
scrapped. A stable resistance reading be-
tween two tube pins could indicate a resis-
tive short between two tube elements. Then,
too, it could merely be caused by a resistor,
capacitor, or coil in the circuit. Check the
stage’s wiring to be sure.

5 Got a box full of battered and
scraggly-looking diodes—and you don’t
know which ones are good and which ones
are open or shorted? Fortunately, there’s a
quick way to tell. And while you're at it,
you can find out the correct polarity of
those that have the cathode marking band
rubbed off.

To make this simple test, you’ll need to
know which ohmmeter lead goes to the
positive terminal of the ohmmeter battery
and which goes to the negative battery
terminal. Generally, the ohmmeter in a
VOM is wired so that positive (+ or red)
jack on the meter case goes to the nzgative
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battery terminal, and the common or nega-
tive (— or black) jack goes to the positive
battery terminal.

If you have the wiring diagram for the
meter, or care to open the case and trace
the wiring, you can find out for sure. Or,
you can make this check: switch the ohm-
meter to a medium range and touch the
prods to the leads of a rectifier which you
know is good. You'll get the lowest resis-
tance indication when you have the positive
lead touching the anode and the negative
lead touching the cathode.

To test unknown diodes, connect the ohm-
meter to their leads first one way, then the
reverse. The two resistance indications you
obtain should be considerably ditferent—
one should be quite high and the other
rather low. If this occurs, you have reason-
able assurance the rectifier is good, since it
passes current much more readily in onc
direction than it does in the opposite direc-
tion. If you get resistance indications that
are ncarly the same. the diode is shorted.
And should you get indications of a high re-
sistance in both directions, the diode is open.
When you get the lower resistance reading,
you have the positive ohmmeter lead con:
nected to the anode and the negative lead
connected to the cathode.

6 Transistors also can bhe checked
with an ohmmeter . . . or can they? Yes,
they can . . . sometimes. (How’s that for a
straight-forward answer?)

The reason it’s impossible to give an abso-
lute yes or no is that there are so many
types of transistors in the world today.
Many of them can be safely checked with
an ohmmeter; others, being on the delicate
side, can’t be. Assuming you want to be per-
fectly safe, you should never touch an ohm-
meter lead to a transistor. But it you follow
this precaution, you'll be passing up many
golden opportunities to check transistors
which can be safely tested with an ohm-
meter—if you do it properly.

To determine whether or not to even try
it, you'll have to refer to a transistor manual
for the particular type of transistor vou
want to check, then do a few calculations.
Always use the lowest ohmmeter range
available for the test. This will assure mini-
mum current flowing through the transistor
as you make the check.

By knowing the polarity of vour ohm-
meter battery, as explained in 7ip 3. vou
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can determine if each section of the transis-
tor has the proper relationship of low resis-
tance in one direction and high in another.
Which way is which will of course be deter-
mined by whether you're checking a pnp or
npn transistor, and which leads you're
touching with the ohmmeter prods.

For example, with the positive ohmmeter
lead connected to an 2 lead and the negative
ohmmeter lead connected to a p lead, you'l
get a higher resistance indication than with
the leads reversed, if all is normal. As with
a diode, equal readings would indicatc a
short, and excessively high readings would
indicate an open.

7 Some rudimentary checks of cu-
pacitors can also be made with an ohm-
meter. Most common of these is checking
an electrolytic capacitor. Even so, you can
learn at least a little about the health and
well-being of coupling and bypass capaci-
tors as well.

A capacitor, unless shorted or leaking
shoutdn't conduct current. When a ohm-
meter is connected across a capacitor, the
battery in the ohmmeter supplies current
which charges the capacitor. As this is done.
the meter scems to indicate that the capaci-
tor is conducting current. But once the
charge begins to build up on the capacitor
plates. this charging current drops off.

In the case of an electrolytic capacitor.
which has a fairly large capacity, enough
current flows when you first connect the
ohmmeter prods to the capacitor leads
that you will get an indication of very low
resistance. This is normal, as long as this
resistance indication quickly increases. with-
in a few seconds, to a value of several hun-
dred thousand ohms.

However, if the apparent resistance re-
mains rather low, then the capacitor has ex-
cessive leakage and probably should be dis-
carded.

Other types of capacitors, such as coupling
capacitors, have much lower capacity. This
means that usually you'll get no indication
on the meter that the capacitor is charging.
Reason is that the capacitor requires so lit-
tie current to take on a full charge that the
ohmmeter battery supplies this current very
quickly. The meter movement barely flick-

ers—if it budges at all.

With such capacitors. you should get an
indication of infinite resistance with the
ohmmeter. If you do get an indication of
low or medium resistance. then the capaci-
tor is leaking or shorted, and should be
discarded.

8 By adding a simple externai modi-
fication to your ohmmeter, you can extend
its range upward to accurately measure re-
sistances much higher than what you nor-
mally can read on the meter scale.

Fig. | shows how this is done. What you
do is add a battery and resistor in series
with one ohmmeter lead. The positive bat-
tery terminal is connected to the negative
ohmmeter Icad, so that the internal and ex-
ternal battery voltages add. The external
battery voltage should be nine times the
voltage of the ohmmeter battery: similarly,
the external resistor, R, should be nine
times the total resistance of the ohmmeter
high resistance range circuit.

The result of this external range extender
will be to multiply the ohmmeter's high
range by 10 times. With this hookup, for
instance, a resistance which produces an in-
dication on the meter of 2 megohms would
actually be 20 megohms.

The exact external battery voltage and
resistance needed will vary, depending on
the meter you're using. For the Simpson
260 VOM, for instance, the manufacturer
gives the values as 67.5 Volts and 1.08
megohms. But keep in mind that other
meters may require different values.

To determine what you must add to your
meter to use this range extension method.
consult the operating manuai for the meter
It this fails to cover the matier, write the
manufacturer, enclose a copy of the dia-

Fig. 1—External battery and resistor are

used in this manner to extend range of

your VOM for resistance measurements be-
yond normal range of your test set.
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gram in Fig. I, and explain what vou want
to do.

In case you find you need a rather pecu-
har external battery voltage, such as 54 or
13.5 Volts, remember that this doesn’t have
to be just one battery—you can connect
a series of flashlight cells together to add up
to the required voltage.

9 There's an alternate method of
accomplishing high-resistance measurements
which, unlike Tip 8 just given, doesn’t even
involve using an ohmmeter. The circuit for
this method is shown in Fig. 2.

For clarity, the diagram shows two me-
ters. However, you can use a single VOM to
make the two measurements required. The
unknown resistance is connected in series
with the VOM and with a DC power supply
of several hundred volts.

Start with the highest current range your
meter offers so as to guard against the pos-
sibility of throwing the meter off scale, then
switch down to lower ranges until you ob-
tain a usable reading.

After measuring the current flowing
through the unknown resistor, you now
need to measure the voltage across the re-
sistor. If you use the same VOM to make
this voltage measurement, remember to
close the circuit where the current meter is
shown in the diagram when you remove
this meter to connect it across the resistor.

With these two measurements made, ap-
ply Ohm’s law to determine the value of the
unknown resistance. If, for example, you
measured 700 volts across the unknown re-
sistor and 10 microamps flowing through it,
your calculations would be:

E 700
R I 00001 70 megohms
Before trying this method, be sure you are
really dealing with a large amount of DC

O—

DC
Blin @)
SUPPLY R
UNKNOWN
(oF l AAA I
Fig. 2—Here's how to measure high resis-
tance. Using a high voltage source, meas-

ure current and voltage and then apply
Ohms Law to calculate resistance value.
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resistance. With the voltages you'll have 1o
use, you could easily damage your meter or
burn out the unknown component if it
turned out to actually have only a medium
amount of resistance.

1 O A technique very similar to

that illustrated in Tip 9 can be used to
measure very low values of resistance using
a low voltage. A pair of dry cells connected
in series will be fine, though you may get by
with a single dry cell if your VOM has a
millivolt range.

The test hookup is shown in Fig. 3. In ad-
dition to having the unknown resistance con-
nected in series with the current meter and
the flashlight cell, there's also a second re-
sistor, about 5 to 10 ohms, in the series loop
to limit the current flow. The value of this
resistor isn’t critical. However, if it’s too
large, you'll have difficulty getting meter
readings large enough to be usable.

First, measure the current in the circuit.
Then remove the meter, close the circuit
again, and mcasure the voltage across the
unknown resistance. Again, a simple calcu-
lation with Ohm's Law gives the value of the
unknown resistance.

For example, suppose you got a current
indication of 160 milliamperes and meca-
sured 0.08 volts across the unknown re-
sistor. The calculation would be:

E 008
I ol6

Since you'll be measuring a pretty small
voltage across a tiny resistance, a VOM with
a millivolt scale would be handy. However,
if your meter doesn’t have such a scale, try
using two or three dry cells instead of one.
This will cause more current to flow, which
will increase the voltage drop across the un-
known resistance to the point where it
should be easier to measure. |

R 0.5 ohm.

5-10 OHMS (APPROX )
A

_"'L%EIL R @

UNKNOWN

L§J
Fig. 3—Very low resistance values require
higher current than available from VOM

cell; with external source as shown in
Fig. 2 read V and A and apply Ohms Law.
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¢ TEE-RIKE THREE!" barked the ump, as

b the player dropped his bat, and saun-
tered back to the dugout. Sitting in front of
my TV, | was watching the season’s first
ball game. Slowly, it dawned upon me why
the Citizens Band was loosing a goodly
portion of its regulars. For, it is said by the
fairer sex. that a young man’s fancy turns
in the springtime to—darn it!'—baseball.

All you have to do is tune through the
CB channels to hear the evidence. Almost
every call heard is a plea for relief players
al the town's hall field. Why, the other day
as | was band hopping, 1 heard a Bush Lea-
gue batter’s  wife-turned-baseball-widow
practically crying on Channel 9. Seems her
Little League-filled station wagon broke
down on the way to practice. and the
players were thinking of warming up—on
the highway's grass divider!

But not everyone's struck with bascball
fever. Some of the latest rigs were shown
ofl while at the local CB club the other
evening. Seems the transceiver copping most
tavorable comment from the other YLs was
the Courier Citation. And for good reason,
t00. Every Y1. who cast her eye shadow
toward the Courier Citation tound it the
dreamiest rig she’s ever seen.

Homey-Run Rig. More than one male
CBer has slept on the living room couch after
a spat with his wife over his “ugly CB
trans-something-or-other.” Okay, Fellows,
your CB dog days are over. Courier's Ciia-
tion transceiver ends the CB shack decorat-
ing doldrums forever. Cast your orbs toward
their highly-stvied. solid wood cabinet sur-
rounding the set. Then add the gorgeous
chrome bars accenting this rig. But the real

topper’s a built-in digital clock!

Not only is the Courier Citation a super
looker: it's scrunched into the 14Y2x9%ax4-
in. bikini-sized cabinet—and with room to
spare. While I’'m on the subject of space, take
a gander at the Ciration’s front panel con-
irol layout.

Ot course. there's the digital-styled clock
staring back at you. The clock turns this rig
on at any pre-set time. The transceiver
sports five look-alike knobs; two of which
are linear controls. These're for Squelch
and Volume. To the right of these slider-
type controls is Power on/off/auto. In the
“aulo’” position the digital clock turns the
rig on, or off, at any pre-set time. And, as
your blinkers sashay leftward, both the three-
position Delta Tune and Awrto Noise
Limit control functions are ready to do
your bidding.

Tucked into the lower left corner's a
standard 3-prong microphone socket: above
it is the S/RF Meter. Courier has also
seen fit to include three jewelled lamps into
their rig: these are for the Modulate, Trans-
mit. and Receive modes. The only rig-re-
lated dial you can twist on the Citation is
the Channel Selecior. 1t spins you through
all 23 channels. The rig's external Public
Address (PA) function is also selected by
this teensy, chromed knob.

If you thought the front panel was super
simplicity, just do a 180 and look at the rear
panel. Seems all I did to become CB-borne
was twist my antenna lead onto the SO-239
coax connector, hit the mike transmit switch
—and start gabbing! The transceiver also
sports both External speaker and PA speak-
er jacks on the rear panel. You've also got

Functional styling, superior
performance combine to make
Courier’s Citation centerfield
attraction. To receive score-
card from Courier describing
their rig, circle number 31 on
Reader Service Coupon located
on page 17.
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NOISE LIMITER
S/RF METER ON/OFF

'S
MICROPHONE
CONNECTOR

DELTA TUNE

CHANNEL SELECTOR

CLOCK CONTROL

| L
SQUELCH vOLUME POWER

Courier Citation front panel layout is very clean, making it easy to work with.
Noise limiter switch’'s next to mic connector; power switch sits to clock’s left.

access to the Television Interference Filter
(TVI Adj.)—but don't bet on using it too
often. Adjust the TVI filter only if one of
your tec-veed neighbors tells you that
you're competing with the Tube.

A Beauty With a Brain. 1 wondered if
Courier's Citation was merely a walnut-
finished beauty. But lo and behold—this rig
not only has looks, it’s got performance
worthy of the most avid CBer. The receiver
portion of the Ciration is double conversion
and frequency synthesized. You'll find a crys-
tal filter in the second IF amplifier. This
filter effectively squashes adjacent channel
interference. Our lab cranked out 45 dBs
worth from the Ciration.

The high selectivity available from the
receiver made Detta Tuning a mandatory
feature for the Cirarion. That's how vyou
can receive off-channel CB transmitters.

The transmitter portion of the transceiver
i1s a 5-stage affair. It, like the receiver half
of the rig, is crystal-controlled over all 23
channels. As you can imagine, all adjust-
ments for the transmitter are buried within
the rig's metal case. You won't ever need to

ANTENNA
CONNECTOR

TRANSCEIVER

----uuiuﬁgpi-‘-'i'—~*
CHANNEL _—"~ CLOCK
SELECTOR
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fiddle with them anyhow; there's very little
that can go flooey with the Citation rig.

Another feature putting the Courier Ci-
tation into the major league is a voltage-
regulated power supply. That's Courier'’s
way of keeping critical voltages where they
belong.

Pop-fly Performance. The Ciration has
all the receiver sensitivity that any CBer can
ask for. Fact is, the rig logged a high 0.6
uV tor a 10 dB S+N/N ratio before | lost
the received signal. And receiver image re-
jection was an excellent 50 dB.

The AGC action didn’t exactly slouch on
the job. cither. For a test input signal of
1 to 50.000 #V, the lab recorded a ver
good reading of 5dB.

Looking at the S-meter’s performance,
I saw that it took 50 «V to pin the meter
over 10 S9. But there was no other relation-
ship between the S-meter calibrations and
the input signal. So, the meter simply in-
dicates relative signal strength. The Cira-
rion’s transmitter put out in major lcague
fashion, 100. Three watts pumped into a
good whip should give you all the talk-range
you need. Of course, the output load's a
standard 50-ohms: no need to worry about
antenna matching problems. Courier’s mod-
ulator sopped up my vocal output as rela-
tive sensitivity for 90% modulation was

(Continued on page 101)

Top view of rig. We suspect that while YLs
like Courier’s rig mostly for its snazzy
looks, OMs look at gobs of interior space
with eyes toward future built-in accessor-
ies like RF amp or antenna matchbox.
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Five New Heathkit’ Solid-State Ideas

25-pedal

theatre organ

25" ultra-rectangular
Color TV

Amateur radio —

receiver =7 "
| —— 14" portable

\
Color TV
15 MHz frequency counter

e Another great idea:

Benton Harbor, Michigan 49022 a Schlumberger Company
O Enciosed is §. plus shipping.

| please send model (s} — .
1 [ Piease send FREE Heathkit Catalog. [ Please send Credit Application.

|
J
|
: Send for your
|
1
|
t

Name I — — — FREE 1971

| Address -— - = Heathkit catalog
City - —— _State ____ —1Zip

: *Mail order prices; F.0.B. factory. ‘Oday!

L Prices & specifications subject to change without notice. cx,..moj
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New Heathkit solid-state 25" ultra-
rectangular Color TV with exclusive
MTX-5 Matrix picture tube

This is the world's finest color TV . and you can prove It to
yourself. Compare the standard features of the new "'371" to any
color TV at any price . . . and you'll agree.

MTX-5 picture tube. .. standard. Developed by Heath engineers
in conjunction with leading domestic picture tube manufacturers
to provide optimum picture quality. Specially formulated etched
glass face plate cuts out unwanted glare . . . gives increased con-
trast without sacrificing brightness . . . delivers the sharpest, purest
most naturai 315 sq. in. of color you'll ever see.

Unique solid-state design . . under development for over 5 years
45 transistors, 55 diodes, 2 SCR's; 4 advanced Integrated Circuils
containing another 46 transistors and 21 diodes: and just two tubes
(picture & high voltage rectifier) combine to deliver performance
and reliability unmatched in the industry. Modular piug-in circuit
boards permit easier assembly & service

3-stage solid-state IF...standard . delivers higher gain for
better overall picture quality. Factary assembled & aligned.
Exclusive design solid-state VHF tuner MOSFET design for
greatler sensitivity. lower noise & lower cross-modulation. Delivers
visibly superior color reception. Assembled & aligned

Automatic Fine Tuning ... standard. Just push a button and the

assembled & aligned AFT module tunes in perfect picture & sound
automaticaliy, instantly eliminates manual fine tuning.

VHF power tuning...standard . ..scan thru all VHF channels
and one preselected UHF channel at the push of the button.
“Instant-On". .. standard. A push of the power switch brings in-
stant sound, picture in seconds. Preheated picture tube filaments
extend picture tube life.

Automatic noise limiting and gated AGC...standard. Keep
pulse-type Interference to a minimum, maintain signal strength at
a constant level

High resolution circuitry . .. standard. Improves picture clarity.
Adjustable video peaking lets you select the degree of sharpness.
Adjustable tone control . .. standard. Lets you vary the tone from
the built-in dual cone 6x9” speaker from deep. rich bass to clean,
cnsp highs.

Hi-fi sound output... standard. Permits playing the audio from
the 371" thru your hi-1i or stereo for better reproduction.
Exclusive Heath owner-service capability built-in. Heath color
TV's are the only sets on the market that can be serviced by you
without speclal equipment or knowledge. The exclusive Heath
manual. combined with the built-in dot generator and volt-ohm
meter make service and adjustment easy . . . and save money.
The GR-371 is the worid's finest color Tv. Order yours now. Kit
GR-371, 125 Ibs. . .. $579.95". Other solid-state color TV's in 227
& 295 sq. in. sizes from $489.95"°.

New Heathkit solid-state “‘Legato”
25-pedal Theatre Organ

The most versatile musical instrument ever created here to-
day in easy-to-assemble kit form, saving you hundreds of dollars
over comparable organs. A truly professionat instrument, designed
exclusively for Heath by the famous Thomas Organ company.
Exclusive Thomas Color-Gio key lights show you correct notes &
chorgds. Match the colors with your left hand, letters with your right.
The unique Color-Glo keys and comprehensive Thomas organ
course supplied will have you playing complete professional
sounding songs in minutes, without musical knowledge.

15 manual voices, 4 pedal voices . .any or all at the flip of a tab.
SOLO: Diapason 16’, Bass Clarinet 16’, Trumpet 16’, English Horn
8’, Oboe 8’, Violin 8’, Tibia 16’. Tibia 8’, Tibia 4’, Tibia 2. ACCOM-
PANIMENT: Diapason 8', Saxophone 8'. French Horn 8’, Oboe Horn
8’, Cello 8'. PEDAL: Diapason 16'. Major Flute 8’, Bass Clarinet 8',
String Bass 8'.

200 watts peak power rfom two separate sofid-state amplitiers
one for the Leslie system. one for the main system.

“Stereo” sound. 2-speed rotating Leslie to create the liquid trem-
olo beauty of the theatre organ...2-12" speakers in the main
system. Play some voices thru the Leslie, others thru the main sys-
tem to create a lifelike “'stereo’ effect.

Two 44-note keyboards . . . both manuals tilt & overhang for easier
playing. Accompaniment manual range 8’ ... F1 to C5; solo man-
ual 16,8, 4", 2" .. .F110C7

25-note heel & toe pedalboard . . exclusive Thomas Radiai-Arc de-
sign. permits easy, tireless pedal playing. Range 16’ & 8, CO to C3
Other features inciude selective repeat percussion for *'strum-
ming’’ effects; selective attack percussion for crisp piano or guitar
sounds; Reverb for concert hall realism; variable vibrato and easy
assembly with the famous Heathkit manual.

Put a universe of sound in your home today
TO-101 now. Kit TO-101, 299 Ibs .. $1495°.
Box accessories also available

.. order your new
Playmate & Band

[3] New Heathkit solid-state
14" portable Color TV

Console performance with portable convenlence that's the
new GR-169. Heath engineers took the highly sophisticated cir
cuitry ot the new GR-371 above, modified it siightly to accommo-
date the smaller picture tube, eliminated the AFT feature, and put
it \n a handsome, compact cabinet. The result is a portable that
performs better than any portable at any price . . . and better than
most consoles as well. Features the unique Heath solid-state
chassis for unexcelled performance and long-term reliability.

Other features Include modular plug-in circuit boards for easier
assembly, faster service. Solid-state 3-stage IF provides increased
gain for improved picture quality. Factory assembled & aligned VHF
tuner uses MOSFET design for greater sensitivity. . . delivers supe-
rior color pictures. Front panel secondary controls permit periodic
minor adjustments without removing chassls from cabinet. Exclusive
Heath seif-service teatures built-in provide complete owner service

capabillity . . . and you can do it without special knowledge or equip-
ment
it all adds up to the new Heathkit GR-169 the world's finest

portable {and one of the worid’s best consoles tool). Order yours
today. Kit GR-169, 69 Ibs. . $349.95"

[4] New Heathkit solid-state 80-10 Meter
Amateur Receiver

The world’s best ham receiver. Tunes USB, LSB, AM. CW & RTTY,
80-10 M. 15 MHz WWV coverage. 100 & 25 kHz calibration. Dual
gate MOSFET front end for greater dynamic range. Solid-state fac-
tory assembled & aligned Linear Master Oscillator for rock-solid
tuning with 1 kHz readout. % uV sensitivity for 10 dB S+N/N. 2.1
kHz selectivity with built-in SSB crystal filter . . . optional AM & CW
crystal filters available. Fast, easy assembly Order your SB-303
now. Kit $B-303, 21 |bs. . .. ... ..$319.95"°

See these and 300 other Heathkit suggestions at one
of the following Heathkit Electronic Centers:

MASSACHUSETTS
Wellesley, 02181
165 Worcester St

CALIFORNIA

Anaheim, 92808
330 E. Bali Road

COLORADO
Denver, 80212
§940 W. 38th Ave.

MICHIGAN

El Cerrito, 94530 GEORGIE Detroit, 48219
6000 Potrero Avenue Silnta $I008 3¢ ’
i 5285 Roswell Road e
e L (LLINOIS

8363 Cenler Drive

Los Angeles, 90007
2309 S. Flower St
Redwood City, 94063
2001 Middlefield Rd.
Woodland Hills, 91364
22504 Ventura Bivd.

Chicago, 60645
3462-66 W. Devon Ave.
Downers Grove, 60515 MESEOURY

224 Ogden Ave
MARYLAND

Rockville, 20852
5542 Nicholson Lane

NEW JERSEY

18645 W. Eight Mlle Rd.

Hopkins, 55343
101 Shady Oak Rd.

Fair Lawn, 07410
35.07 Broadway (Rte. 4)

[5] New Heathkit solid-state 15 MHz
frequency counter

Now . .. frequency measurement at a price you can afford. De-
livers stable. accurate counting from 1 Hz to over 15 MHz. All inte-
grated circuitry for top performance, high reliability. Automatic
trigger level for wide range input without adjustment. Five digit
cold-cathode readout with Hz/kHz ranges and overrange indica-
tors give B8-digit capability. Input Z 1 megohm shunted by less than
20 pF for low circuit loadmg Order youv new [B-101 today. Kit
1B-101, 7 |bs $199.95°

NEW YORK Pittsburgh, 15235
Jericho, LI‘I"' 11753 3482 william Penn Hwy.
15 Jericho Turnpike
New York, 10036 TE;:..S,,' 75201
35 W. 45th Street 2715 Ross Avenue

OHIO Houston, 77027
Cleveland. 44129 3705 Westheimer
5444 Pearl Rd. WASHINGTON
Woodlawn, {5215 Seasttle, 98121
10133 Springfield Pike 2221 Third Ave.

PENNSYLVANIA WISCONSIN
Philadelphia, 19149 Milwaukee, 53216
6318 Roosevell Bivd. 5215 W. Fond du Lac

S1. Louis, 63123
9296 Gravois Ave.

Retail Meathkit Electronic Center prices slightly higher to
cover shipping, local stock. consultation and demonstration
facilities. Local service also available whether you purchase
locatly or by factory mait order.

CIRCLE NO. 17 ON PAGE 17
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RuBy

A Numerous ancient civilizations. notably those
of Egypt, Greece, and Rome, placed a premium
upon the color red. Indicated in Latin by the
term rubeus or ruber. the color name entered
many European languages virtually unchanged.

From it, ruby appeared in fourteenth-century
English as the title for a red precious stone. The
gem comes from a common mineral, corundum,
which is a simple oxide of aluminum.

Murder, theft, pillage, and war are closely
associated with the story of the ruby—Ilong
considered the most valuable of gems. Today a
large crimson faceted ruby is worth more than
$10,000 a carat, wholesale.

The stone over which queens wept and for
which conguerors have given their lives led to a
major scientific breakthrough in 1960. For by
use of a small crystal of ruby experimenters
managed to generate intermittent but very pure
and concentrated beams of infra-red light.

Having led man to techniques that made the
laser a reality, the ruby was promptly chal-
lenged by a mixture of helium and neon. Many
kinds of gas lasers have been produced in the
last decade. For a variety of applications, how-
ever, the stone once prized chiefly for its color
remains the key factor in laser technology.

STROBE

A Greek artisans made frequent use of little
plugs of lint twisted so that they resembled fir
cones. Romans who adopted the use of these
rounded masses described their shape as
strobilus.

Dormant for centuries. the old word was re-
vived when artisans invented a scientific toy
that produces the illusion of motion by means
of a series of pictures viewed through opening
of a revolving disc. This instrument. dubbed the
stroboscope, came into vogue during the 1830's.

Later the toy was adapted and put to scien-
tific use. By means of light periodically inter-
rupted it proved possible to observe the suc-
cessive phase of periodic movement

This type stroboscope was known only to spe-
cialists. Still. it served to name an important
addition to the photographer’s equipment:
high-intensity light capable of yielding repeated
short bursts.

With its name clipped to siobe, and no
longer bearing the faintest resemblance to a fir
cone, the stopped-motion electronic muiltitlash
became one of the trademarks of the psyche-
delic age.

AMORPHOUS

A In classical Greek, morphe was used as a
general term for “shape.” Since vivid memories
of queer shapes often linger after a dream. the
poet Ovid used Morpheus to name the god of
dreams. son of the god of sleep. Morpheus. in
turn. inspired imorphine as a title for the bitter
narcotic that causes users to see frightful
shapes.

By tacking the prefix a- 1o the front of a
word. Greeks indicated “not.” So to them
amorphos signified “not shaped.” or formless.

Amorphous materials include liquids and
non-crystalline solids. Since to the naked eye
these substances *“not shaped™ by nature seem
chaotic in structure, their electrical properties
weren't investigated until very recently.

Late in the 1950, excited by development of
crystalline semiconductors, Soviet physicist
A. F. Loffe turned his attention to amorphous
materials. He found that many have electrical
properties, but made no practical application of
these properties.

Independently, U. S. physicist Stanford R.
Ovshinsky began a similar program of research.
His goal was highly practical: the discovery of
new switching effects.

In June, 1958, he hit pay dirt. Using the
transition metal tantalum coated with an amor-
phous layer of tantalum oxide he produced a
semiconductor with new properties. With his
wife Iris, a biochemist. he set up Energy Con-
version Laboratories and devoted full time to
these long-neglected materials.

Numerous finds have led to more than forty
patents and a wide range of functional devices.

One of them is the ovonic threshold switch.
At least 1wo clectrodes are employed, separated
by an amorphous semiconducting film. Such a
switch may have resistance as high as 5 x 108
ohms in its blocking state. But transition time
to the “on” condition is incredibly brief (less
than 150 picoseconds), and the holding current
needed is only 5 x 10- amps.

A person gripped in the arms of Morpheus or
caught in fantasies induced by morphine some-
times sees very unusual shapes. None evoked
in this way are so bizarre as the shapeless films
of molecules that have spawned & new genera-
tion of amorphous semiconductors which em-
ploy non-crystalline components. B
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Buck in 1843. Charles Wheatstone had a
need for a convenient way 10 measure un-
known resistances. He solved his problem
by using and publicizing a circuit devised by
S. H. Christic some ten years earlier. This
same circuit is still widely used today. and.
despite Wheatstone's earnest attempts 10 as-
cribe the invention to its proper inventor, it
is best known as the Wheatsione bridge.

The circuit Mr. Christie invented in 1833
is usually shown us a diamond-shaped cluster
of resistors with o battery across two ol
the opposite poinis of the diamond. and a
meter or other detector across the two re-
maining points. See Fig. . With this circuit,
it 18 possible to determine accurately the
value of one of the four resistors. provided
value of other three is accurately known.

EATSTONE'S
BRIDGE

arning all about how it works
kes it a more useful instrument

in the shop or laboratory.

By Norman Crawford

To understand this bridge, first let us con-
sider a familiar circuit, the voitage divider.
As you probably know. a voliage divider is
a two-resistor circuit which can convert a
given voltage to a lower voliage. For ex-
ample, in this circuit shown in Fig. 2 the
output voltage will be two-thirds of the in-
put voltage. And. if vou don’t like such low
resistor values. then look at Fig. 3. This
circuit will also have an output which is
two-thirds of the input.

It we apply 9 volts to the input of either
circuit shown in figs. 2 and 3. the output will
be 6 volts. For a 90-volt input, a 60-volt
output results.

Since the outputs of the 1wo above cir-
cuits are identical. connecting a meter be
tween the two outputs should give no read-

Fig. 1

Fig. 2
Ejn ——
3Q
TOTAL s
}ZQ Eout=g of Ejr
° °

Fig. 3
Ein — &
30001}
- TOTAL 2000
ovt* 3000 * Ein
20000 >
L Eout=—3of Ein
(o2 -0
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ing at all, because the two leads of the meter
are connected to identical voltages. Take a
look at Fig. 4. For that matter, changing the
9-volt input to 10, or 50, or 100 volts, will
still give no (zero) meter reading, because
each voltage devider is providing two-thirds
of the same number, be it 9 volts, 10 volts,
or whatever. Therefore, both meter leads
are kept at the same matched voltages, re-
gardless of the input voltage, so the meter
continues to register zero.

As you have probably alrecady deduced,
by combining these two voltage dividers
we have produced a Wheatstone bridge.
This may be more obvious if we draw the
circuit as shown in Fig. §.

When the resistor values are such that the
meter reads zero, the bridge is said to be
balanced. The reverse is also true: if the
bridge is balanced, we know that the left side
of the bridge and the right side of the bridge
are matched voltage dividers.

To use the bridge to determine an un-
known resistance, we could arrange the cir-
cuit as shown in Fig. 6.

Since the two uppermost resistors are
identical (1,000 ohms cach), the bridge will
be balanced only if the two lower resistors
are also identical to each other. Therefore,
we can connect an unknown resistor to the
terminals X and X’. and adjust the cali-
brated variable resistor until the meter
reads zero. At this condition, the calibrated

variable resistor is identical to the unknown,
so the value on the calibration dial is the
value of thc unknown resistor.

Of course, if the unknown turns out to be
larger than 10,000 ohms (the largest value
of the calibrated variable resistor), no ad-
justment of the calibrated variable resistor
will make the two lower resistors identical.
Hence, the bridge cannot be balanced. How,
then, can the bridge be used to determine the
value of an unknown resistor greater than
10,000 ohms?

One way to measure a larger resistor with
this bridge is to change one of the upper
resistors from 1,000 ohms to 10,000 ohms
as done in Fig. 7. Compare Fig. 7 with Fig. 6.

Since the right-hand uppermost resistor is
now ten times the left-hand uppermost resis-
tor, the bridge will be balanced only if the
lower right-hand resistor (the unknown) is
ten times the lower left-hand resistor (the
variable onc). For cxample, one condition
of bridge balance would be as shown in
Fig. 8.

On the other hand, a very /ow value of
unknown resistor (for example, 69 ohms)
could not be read accurately on the above
bridge, because it would require that the
10,000-ohm calibrated variable resistor be
set to onc-tenth of 69 ohms, or 6.9 ohms.
Although such a setting is physically possible,
it does not result in a very accurate reading.

To measure such low-value resistors, we
change the upper right-hand resistor again;
this time to 10 ohms. See Fig. 9 for the bal-
ance condition.

This immediately suggests a very versatile

Fig. 4

J
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Fig. 6
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bridge, which uses a multi-position selector
switch to select a variety of values for the
upper right-hand resistor. In addition to
1.000 ohms, 10,000 ohms, and 10 ohms,
which were used in the above examples, we
can choose 100 ohms and 100.000 ohms.
Fig. 10 illustrates such a bridge.

To use this versatile bridge to measure
low-value resistors, select the 10-ohm re-
sistor by placing the selector switch in the
“X 0.01” position, connect the unknown re-
sistor to the terminals X and X’, and adjust
the calibrated resistor until the bridge is bal-
anced, as indicated by a reading of zero on
the meter. The reading on the calibrated re-
sistor's dial is then multiplied by 0.01 to
give the value of the unknown resistor. For
example, if the reading is 3,700, the un-
known is 37 ohms.

Similarly, setting the selector switch to
*X 100 allows you to measure large resis-
tors. If a certain unknown resistor results in
a reading of 3,700 at balance, the unknown
is 370,000 ohms.

Practical Considerations. Although this
bridge can be built using ordinary 5 percent
resistors, the errors in measurement will be
as large as = 10%. It’s better to use 1%
resistors everywhere.

The variable resistor, similarly. could be

an ordinary potentiometer with a hand-cali-
brated dial. However, this also limits ac-
curacy: it would be much better 1o use a
resistance decade of the tvpe sold by some
of the leading electronic kit manufacturers.
Calibrated multi-turn pots are also available.

The meter should be a zero-center micro-
amimeter (such as the 25-0-25 microamp
type) for the best accuracy. However. even
an ordinary 0-1 meter will suftice if you are
willing to trade some accuracy to keep the
cost down. Remember. however. the more
sensitive the meter, the more accurately you
can balance the bridge, especially on the
high resistance ranges. Also, the more
easily you can burn out the meter when
the bridge is not balanced' To forestall this
catastrophe. connect your meter to the
bridge through a group of normally-open
pushbuttons and resistors (10% type). as
shown in Fig. 11.

Pressing the top button will give a read-
ing on the meter if the bridge is far from
balance, but the large value of resistance in
series with the pushbutton will keep the
meter from being damaged by the large
unbalance. Holding this button, balance the
best you are able, and then press the next
pushbutton, which will further increase the

(Continued on page 100)
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Enrico Fermi—helped build the first Atomic Pile

SCIENCE

by Webb Garrison

] “Yes?" inquired the receptionist at the
physics laboratory, University of Rome.
“Whom do you wish to see?”

“Sua Eccellenza Fermi, please.”

“This way,” directed the receptionist.
“The Pope is upstairs.”

Fetlow workers nicknamed Enrico Fermi
“The Pope” before he was 30, as a tribute
to his infallibility. They had no way to know
that “the infallible one’” would blunder upon
an effect he didn’t understand but whose
consequences would shake the world.

A native of Rome, Fermi won a doc-
torate in physics from the University of
Pisa at 21. He returned home to teach, was
elected a member of the Royal Academy
of Italy at 28. This honor brought with it
a title he never willingly used—Sua Excel-
lenza (“His Excellency”).

Soon after it was bestowed upon him ex-
citement rippled through the world’s then-
small group of theoretical physicists. As a
result of using neutrons with which to bom-
bard elements, early in 1934 the Joliot-
Curies of France discovered artificial radio-
activity.

Fermi had spent most of his time teaching
and cxploring new theories. Now he de-
cided to turn to the laboratory. With tradi-
tional Italian enthusiasm he promised his
wife that he, Enrico, would bombard every
known element with neutrons.

Results came quickly. Starting with the
lightest clements and working toward
heavier ones he stopped momentarily with
aluminum. This white metal, #13 in the
periodic table, showed strong radioactive ef-
fects when peppered with neutrons.

Working with crude and flimsy equip-
ment, the Italian moved methodically
through the periodic table. Over and over
he produced radioactive eflects—in iron,
chlorine, arsenic, barium, cobalt, and even
gold.

Presumably, artificial radioactivity devel-
oped as a side eflect of formation of un-
stable heavy isotopes. No one had any idea
about ways this phenomenon could be put
to practical use.

No matter. A/l elements must be tested!

In 1934 Fermi came near the end of the
line. He had just one more element to
bombard—the last in Mendeleev’s table,
with atomic number 92. It was a rare and
obscure white metal called uranium.

When uranium was bombarded by Fermi's
method, he got results—but they were con-
fusing. Beta radioactivity was so complex
that he confessed his bewilderment. There
was one period of about onc minute.
Another period, about 13 minutes long, was
noted in his memo of May 10, 1934, as
“most intense.” Other periods, less intense,
lasted even longer.

Clearly, at least one (and probably two)
different elements not found in nature had
been produced in the laboratory. Fermi
reasoned that he had made new substances
whose atomic numbers would have to be
93 and 94.

Later investigation showed that neutron
bombardment of uranium does produce
elements #93 and #94. But this process is
accompanied by another whose effects Fermi
noted but whose workings he didn’t grasp

(Continued on page 99)
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2 + 2 is Four-Channel

The audio field is going crazy with 4-channel
sound. Everyone everywhere is talking about
firsts like the world's first genuine four-channel
phonograph record and sound reproducing sys-
tem made by Japan. Ltd.. Tokvo.

Japan Victor’'s new development also gives
audio fans the advantages of prerecorded multi
track tape recordings at the lower cost of discs.
Best selling albums on tape now retail for
$6.95. whereas a 12” 334 RPM disc can be
made to sell for as little as $1.00. Hi-fi set own

What's in the groove? Just look above and see
the difference. Magnified grooves of an or-
dinary LP are seen at right. Magnification
makes the grooves look like slow-moving
stream beds. But at left the grooves have a
lot of ripple on them—that’s the effect of the
difference channel (A-B) recorded at 20,000
to 45,000 Hz. Can an ordinary hi-fi stereo
cartridge track this groove? That's what Japan
Victor claims!

VARV ST 0y

<
¥
i
=
=
4

ers of quality hi-fidelity audio cartridges used
in their present phonographs need add only the
CD-4 reproducing unit, or decoder. to obtain
4-channel results. The decoder will retail fo
about $50. For those whose curtridges are not
capable of wide-range reproduction, JVC will
make available suitable cartridge for ap-
proximately $50.

Characteristics of the new svstem are:

1. Frequency range. 30—15.000 Hz. is the

same as in ordinary stereo but the modu

lated carrier system is adapted for the high

frequency range. 20.000—45.000 Hz. It is

a 45/45 system and in that respect is like

the regular stereo groove.

2. The carrier modulation system is cen-

tered around the middle frequency range

(800 Hz) and features the application of

frequency modulation in the low frequency

range and phase modulation in the high

frequency range.

3. Through the matrix circuit the sum sig-

nal (A+B) for each pair of stereo channels

is cut in the low frequency range und the

MaRrcH-APRIL, 1971

different signal (A—B) in the high fre-

quency range.

There are a lot more claims made by Japan
Victor. but only time will tell. After all. re-
member that CBS's color TV Wheel came first,
100!

Count On It!

GE scientisis have come up with a new semi-
conductor circuit element that can store in-
formation on a silicon chip at densities of a
million hiis per square inch. Called a Surface
Charge Transistor. the circuit element involves
a new concept for controlling the transfer of
electrical charges across the surface of a semi-
conductor. The scientists say that its combina-
tion of high speed and small size—several hun-
dred could fit on the period ending this sentence
—promises a major increase in the information
storage capacity of semiconductor memories.

Fabrication of a Surface Charge Transistor
begins with a silicon chip covered with a thin
layer of insulating film. Two electrodes—sepa-
rated by a narrow slit—are formed by deposit-
ing a clean and precisely patterned layer of a
refractory metal. such as molvbdenum. over the
insulator. These are the source and receiver
electrodes

A second insulating film and another metal
laver are then deposited in sequence. forming a
third electrode which overlaps the thin slit
separating the source storage region and re-
ceiver. This narrow electrode is called the trans-

(Continued on page 99)

A new semiconductor circuit element
that can store information on a silicon
chip at densities of a million bits per
square inch has been invented by scien-
tists at the General Electric Research
and Development Center. Here the in-
ventors check chips by viewing them
through microscopes.
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me another

Discover by asking!

Send your questions to—
ELEMENTARY ELECTRONICS
Ask Me Another

229 Park Ave. South

New York, New York 10003

Receiver Buyer

I have a poriable shortwave receiver which
does a pretty good job on shornwave and
standard broadcast reception. I have been think-
ing abour buying a new Hanunarlund receiver.
either the model HQ-180-A or the HQ-180-AX.
! would appreciate having your opinion as to
whether there would be an appreciable im-
provement in the quality of reception, also if
the range of these receivers would be grear.
and the reception quieter.

—J.J.H., Livermore, Calif.

The Hammarlunds are superior on all counts.
Be sure to set up a good long wire or doublet
antenna.

Snap, Crackle, and Smell
My portable black and white relevision set
gives off a strong odor of ozone. Also, when
rurned on, it makes loud crackling sounds for
a few minutes. I took it 10 a repair shop, bhut
the repairman suid thar it wasn't anything to
worry about. Just « little dampness, he said.
This ser is in my bedroom, nor the basement,
and our other television seis do not do this.
Can you diagnose? Since it is obviously some-
thing beyond the repairman’s knowledge. | am
writing to vou bhecause you are elecironics
engineers.

—T.R., Union, N.J.
To get a bright picture, you need high voltage.
The better TV sets provide higher voltage than
the cheapies. And, when you have adequate
high voltage, you can expect to hear a few
crackles and smell a trace of ozone until the
set warms up. It’s said that ozone is danger-
ous—but only under prolonged exposure. Do
you want a bright picture or a dim one? How-
ever, if the inside of the set is dirty, particu-
larly around the high voltage circuits, excessive
crackling can occur.

CB’s the Answer
How much power outpur would be required
for clear reception of a 100-kHz transmitter,

with an antenna less than 25 feet long, at a
distance of 600 miles? I would also like the
same information abour a 3000-MHz 1rans-
mitter with a range of 10 miles.

—D.D., Waterford Works, N.J.
Probably many kilowatts, to answer your first
question. You would also need a much longer
antenna and an FCC station license which you
undoubtedly could not get. Under Part 15, FCC
Rules and Regulations you can operate an un-
licensed low power transmitter at 100 kHz,
but its range would be much less than 600 feet,
not miles. If you get a General Class Amateur
Radio Operator and station license, you could
operate a transmitter in the 3300-3500 MHz
microwave band. With a l-watt transmitter
feeding a parabolic antenna mounted 50 to 100
feet high, you could probably transmit 10 miles.
The equipment would be expensive (perhaps
$1000 or more). Why not get a CB license?
You can buy a CB transceiver for as litile as
$50 used, and from $80 up for a new one.

Test It at Home!

1 have an oscilloscope rated ar .005 rms
volt per centimeter and it has a imaximum
sweep of 100 kHz. How can I determine its
frequency response or vertical amplifier band-
width?

—R. K., Grand Rapids, Minn.

Connect an AF signal generator to its verti-
cal input. Set horizontal gain to zero so you
will see only a vertical bar on the screen. When
the signal generator frequency is so high that
the vertical bar is only half its length at a
lower frequency, your vertical gain will be 6
db down (half the voltage). If the bar re-
mains at its normal reference length at the
highest frequency of the AF signal generator,
use an RF signal generator. Caution: this is
accurate only if the signal generator output
remains constant o€
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PART 8
UNDERSTANDING
RL CIRCUITS

What You Will Learn—You are

now going to learn how to find the
equivalent reactance of inductors
in series and in parallel. You will
bhecome acquainted with some of
the wavs to measure the relative im-
portance of R and L in a com-
ponent or circuit and how to find
the time constant of a eircuit. You
will he able to add reactance and
resistance to find impedance. You
will discover how the combination
of resistance and inductance affects
the phase relations of voltage and
current. You will also learn how to
calculate eurrent and power in RL
circuits,

* This series is based on Basic Electricity/Electron-
ics, Vol. 2, pubtished by Howard W. Sams & Co., Inc.
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INDUCTIVE CIRCUITS |
A good way to understand circuits containing inductance is 10 work through :
a simple problem. For example. the following illustration shows a schematic of a |
basic induciive-reactance AC circuit. |
|
r——— SCHEMATIC OF A BASIC INDUCTIVE-REACTIVE CIRCUIT = I
|
I
5 I
/ o |
|
|
120V X =200 :
|
|
|
- - |
.« . I
Assume that the resistance in the leads and the coil is negligible. The problem 1
is to find the rms value of the current in this eircuit. i
Ohm’s law still applies. |
E 120 O |
! 6 amnperes i
. ¢ 20
You have learned that power in a circuit is: I
|
P El I
where. I
E is the voliage, I
1 is the current. |
Wit a sine wave the power at any time during the cycle is the product of the 0
voltage and the current at that moment. In a resistive circuit, power has a |
pulsaling waveshape. |
|
|
POWER IN A RESISTIVE CIRCUIT |
|
|
/ ;
|
POWER I
(o} |
e l
VOLTAGE |
CURRENT |
|
. J |
|
R 0O
You have already learned that no power is dissipated in a circuit that contains |
only inductance. A look at the waveforms on the next page will help you |
understand this. |
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r— POWER IN AN INDUCTIVE CIRCUIT =

TIME
- POWER
A 8 C D E
{ i 1AL VOLTAGE
o TERL \
: o\ CURRENT
[
|
0
|
|

| |
W VN
I T [
I ] ( [ |
Jr iU
A~8 ¢ o E

\L J

Between points B and C. beth current and voltage are positive. If you multiply
their values, it appears that power is being dissipated exactly as in a resistive
circuit. Between points D) and E, both current and voltage are negative, and
again you have exactly the same situation as in a resistive circuit—power
appears to be dissipated. But between points A and B and points C and D there
is a situation that never exists in a resistive circuit.

As you can see, there are pulses of negative power as well as positive power.
The positive-power pulses represent the time when the circuit is utilizing power
to produce a magnetic field. The negative-power pulses represent the time when
the circuit is ahsorbing power from the magnetic field. The negative pulses and
the positive pulses are equal and cancel each other, so the total power dissipated
is zero.

An important rule that you must remember is:

When you multiply positive values by positive values, or nega-
tive values by negative values, the results are positive values.

When you multiply positive values by negative values, the re-
sults are negative values.

r_— INDUCTIVE REACTANCE CHANGES WITH FREQUENCY __'\
7

<\) 60h2 XL 220N

n y

Inductive reactance in a circuit changes with frequency, but inductance stays
the same. To find how the ahove circuit behaves at other frequencies, you must
determine the inductance. Use the formula:

] X, (this is a form of X, = 2=xfL)
27f

where L is in henries, and f is in hertz.
MagrcH-ApPRIL, 1971
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Q1. Is vohiage positive or negative between points A and B in the
figure at the top of page 837

Q2. Is eurrent positive or negative between A and B?

Q3. Is power positive or negative hetween A and B?

Q1. What is the amount of inductance in the cireuit shown on the
bottom of page 837

Q5. How mueh current will flow in this eireuit if the applied

voltage is 100V at a frequency of 100 hz?

Your Answers Should Be:
Al. Voliage is positive.
A2, Currem is negative.
A3. Power is negative.
A4. About 0.053 henry.
A5. X, is 33.3 ohms.

E 100 .
1 = — 3 amperes
X, 333

Inductors in Series

The simplest form of a series inductive circuit is one with two inductors in O
series.
re——— A SERIES INDUCTIVE CIRCUIT W
\
g/‘b Y'Y
XLI =20Nn
120V X ,.=40.0L
60hz L2
\, ot

To find the current in the cireuit. add X;,, and X ;. and then use Ohm’s law
with the equivalent X;

If the value of each inductance (L) is known. add the individual inductances
to find the total inductance and then caleulate X, ., for the circuit.

Parallel Inductive Circuits
A circuit containing pure inductances in parallel can be treated much like a
parallel resistance circuit.

This simple parallel circuit can be solved by the formula: O
. X X Xpa
)\Ia-q
X )

As with resisiance, the equivalent indictive reactance of two inductors in
ELEMENTARY ELECTRONICS



INDUCTANCES IN PARALLEL

L2 L

3 : ! J

parallel is always smaller than that of either single inductor. Combined series
and parallel circuits. or large groups of inductors in parallel, can be simplified
in steps by the same method you have used with resistances.

e SIMPLIFYING A CIRCUIT CONTAINING SERIES AND PARALLEL COILS —

XL-'-Z.ﬂ. XL=I.ﬂ. X =2n

X, =20
Ty %
6V = 6V
6" 1000 hz 8, =50 ®I000hz X _=50n
\. y

Q6. What is the cquivalent X in the following circuit?

# L =0.0lh L,=0.003h
]

L3=0.002h

L5=0.004h L 4=0.00lh

MARCH~APRIL, 1971
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Q7. How much currvent will flow in the circuit in Q67
8. How much power will be dissipated in this cireuit?

o)

Your Answers Should Be:
AG. X, = 2= = 2 3.4 X 2,100 x 02 = 301 ohms
120
W | - 399 ampere
X, 301
A8. No power will be dissipated.

Q FACTOR

An RL circuit i one that contains hoth resistance and inductance. You are
more likelv 1o encounter circuits of this sort than pure inductive circuits or pure
resislive circuits. In fact. even the connecting conductors in a circuit have some
inductance, and every coil ha: some resistance.

It is sometime= important to know how “good™ or how “pure” the inductance
of a coil is. Thi~ quality is usually measured with a factor called Q. This is
XL

?

simply a ratio, Q . With a large Q. the power loss in the coil will be

small, and the inductance will be more efficient. Notice. however. that Q varies O
with frequency. because the inductive reactance varies.
For example. a coil with an X, value of 5.000 ohm~ at 10.000 cps and a DC

) 5.00
resistance of 50 ohms has a Q at that frequency of 100. If this same coil
50
is used at 5000 eps<. its inductive reactance will only be 2.500 ohms, and its Q

- 2.500
will equal ——
50

TIME CONSTANT

A different measure of the relative amounts ol resistance and inductance is
very important when dealing with pulse circuits. The zhape of a pulse is changed
by inductance.

When a pulse is passed through an RL series circnit. the roundness of the
current rise and the time it takes for the current 1o rise to its final value depend

- INCREASING TIME CONSTANT INCREASES THE AMOUNT OF DISTORTION -

s

NANENAN Jo
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on the amounts of inductance and resistance in the circuit. As you would expect,
the greater the value of inductance, the slower the current will build up. At the
same time, the resistance in the circuit has the opposite effect—the smaller the
resistance, the longer the current takes to reach the steady-state condition. (The
reason is that when the resistance is smaller, the final current will be larger, and
it will therefore take longer to reach this final value.)

When dealing with filters and pulse circuits. circuits containing L and R in
series are often described by their time constant. This is a measure of how
quickly the current in the circuit reaches its final peak value. The time constant
equals L/R and is expressed in seconds. If a circuit has an L/R time constan:
of one-half second, the current will reach 63% of its maximum (peak) value in
one-half second when a voltage is applied to the circuit.

e —— PULSE REACHES 63% OF ITS PEAK IN L/R SECONDS —“

r—v—f L(henrys)
TIME CONSTANT (SEC.)=
R(ohms)

L ks

Q9. A “pure” inductance (which has no resistance) would have
a Chigh, low) Q.

Q10. If you purchased a coil with a low Q. you would expect it to
have a relatively (high, low) DC resistance.

Q11. If a coil has a high Q at 1,000 eps. would you expect it to
have a higher or lower Q at 5,000 hz?

Q12. If the inductance of a circuit is 3 henrys and the resistance
of the circuit is 5 ohms, how long will it take for a pulse
to reach 63% of its maximum value?

Q13. The time constant of a circuit indicates the time it takes
a pulse to reach % of its maximum value in that circuit.

Your Answers Should Be:

A9. A “pure” inductance would have a high Q.

Al0. A coil with low Q would have a relativelv high DC resistance.
All. At an increased frequency. you would expect Q to increase.

L 3
Al2. It would take a pulse = - 0.6 second to reach 639 of its

5
maximum value.
A13. The time constant of a cireuit indicates the time it takes a pulse
to reach 63% of its maximum value in that circuit.

PHASE

It has been previously explained that AC voltage and current are always in
phase in a purely resistive circuit and that AC current through an inductance
always lags the applied voltage by 90°. When resistance and inductance are

(Continued on poge 92)
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{Continved from page 87)

combined in a single circuit, the amount of phase difference hetween the current
and voltage depends on which (resistance or inductance) has the greater
value; that is, it depends on the Q of the circuit.

r— LONGEST VECTOR REPRESENTS RESISTIVE AND INDUCTIVE CURRENTS j

+Y

=X ﬁ - 4 X

E:APPLIED

/§
g
2

<

\ 2

If the applied voliage is a sine wave, the current through an RL circuit will
also bhe a sine wave. Therefore. you can think of it as being generated by a
rotating cuirent vector.

However, this vector is a combination (or resultant) of the resistive and in.
ductive current vectors.

As you see. these two veclors form the 1wo sides of a rectangle, and the overall
(resultant) current vector is the diagonal of the rectangle. The angle labeled
with the symbol # i~ the phase angle, the number of degrees by which the
overall current lags voltage.

IMPEDANCE
To find the current flowing in a purely inductive circuit. vou apply Ohm’s
law, using inductive reactance instead of resistance (I = E/X,)}. Inductive re-

actance, of course. equals 2=fL and varies with frequency and inductance.

What happens when both resistance and inductance are in series in the same
circuit? Say, for example, that the vesistance is 3 ohms, and the inductive
reactance (for a specific frequency) is 4 ohms.

As you know by now, the current through the resistance in an AC circuit is
in phase with the applied voltage sine wave, while the current in the inductance
lags 90° behind the voliage. Just as the rms value of resistive current can-
not he added to the rms value of the inductive current to find the overall curreni,
the 3 ohms of resistance cannot be added to the 4 ohms of inductive reactance.
Instead, the overall eflect of the two must be found in the same way that the
overall current vector is found. The overall effect of resistance and reactance
working together is called impedance. The symbol for impedance is Z.

Ql4. If the currcut lags the voltuge by 857 in a circuit with an

ELEMENTARY ELECTRONICS

O



input at 1.000 hz, do vou think an input at 4350 eps is more
likelv to cause the currvent 1o (a) lag by 897, (bh) lead by
157, (e) lag by 1577

Q15. Draw vector lines representing 3 ohms of resistance (R)
and 4 ohms of inductive reactance (X; ) on a sheet of paper.

QL6. Complete vour vector diagram to find the impedance pre-
sented by the 3 ohms of resistance and 4 ohms of induective
reactance. Measure the diagonal.

Your Answers Should Be:
Al4. Current is most likely to (¢) lag by 15",
Al53. You should have drawn vector lines that look like this.

Relationship of X, R, and Z

One simple way 1o find the overall effect of 3 ohms of resistance and 4 ohm:
of inductive reactance is 1o draw a line 4 unit= long pointing downward. This
line representz the inductive reactance. Then draw a line to the right 3 units
Jong. This line represenis the resistance. The two lines formn two sides ol a
rectangle. The diagonal of this rectangle will represent the impedance.

Notice the angle between the R and X, vectors. This angle is usnally indicated
by the Greek letier theta (#) and is veferred 10 as the phase angle.

It iz not enongh 1o <av that a circuit has an impedance of 5 ohms: yon musi
also know the angle by which the current and voltage are om of phase. There
are two ways 1o do thi-. You can express impedance in polar form. 7/46.
In the example ahove. 7 is 5. Or you can express the impedance as the sum of 3
ohms resistance plus 4 ohms induciive reactance. A short way of saying this is

———— TRIGONOMETRIC RELATIONSHIPS OF X, , R, Z —_j

X X
= =_L
tan 0 R or R tan@
AL

sinf)

X
sin @ =TLor Z=

) O‘Lor 2=
cos =73 " cosf)

. i
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3 + j4. The j tells you that the 4 is 90° behind the 3. In general Z R + )X,.
This is the rectangular form of impedance. Although you can find impedance
by drawing vector diagrams and measuring, there are other ways of finding the
valire of impedance.

As long as # remains the same, the proportion beiween reactance and im-
pedance will be the same. The proportion between resistance and impedance and
between reactance and resistance will also be the same.

When any two facts about a combination of X, and R are known, the other
facts can be found by using a table of trigonometric funetions. You can find
a table of trigonometric functions in any mathematics textbook.

Using the above relationships, the impedance of an inductive circuit for which
X,, is 7 ohms and R is 10 olims can be found.

tan 8 0.700
R 10
8 = 35° (from table); <in 8 = 0574
X, 7
Z = - = 12.2 /35° ohms

sin 6 0.574

Q17. What happens to 9 if both R and X, are doubled?

Q18. What happens to Z if both R and X, are doubled?

Q19. What happens to R and X_ if Z stays the same but @ is
inereased?

Q20. What is 6 if R is 17.33 ohms and X; is 10 ohms? O

Q21. What is Z for Q207

Q22. If R is 12 ohms and @ is 30°, what is Z?

Q23. If X, is 20 obms and 4 is 30°, what is Z?

Your Answers Shonld Be:

Al7. If you double both R and X,, 6 remains the same.
Al8. If you double both R and X,. Z is doubled.

Al9. If 0 is increased, X, becomes larger and R smaller.
A20. tan § = X; /R = 30

A21. Z = X /0 = 20 /30° ohms

A22. Z = R/cos @ 139 /30° ohms

A23. Z = X, /sin @ = 40 /30° ohms

Current in an RL Circuit

When inductors and resistors are connected in series in a circuit. simply add
all the inductive reactances and all the resistances separately to get an equiva.

XLI=20.ﬂ. XL2=I5.ﬂ.

AN
R =300

O

R3 =20 L

YLEMENTARY ELECTRONICS



lent circuit with one inductive reactance and one resistance.
If it is necessary to find the impedance of 1his circuit. begin by simplifying it.

Even though X, and R values are scatiered through the series circuit, they may
be added directly. Thus,

R=120
A"AAY
700V
120 hz
XL=50.ﬂ.
AN
X\ ToTar Xi, Xio X 20 + 15 + 15 50 olims

R omar R, R, R, 30 + 70 + 20 120 ohms
The circuit on page 94 iz equal to this equivalent circuit.

POWER IN RL CIRCUITS

All power is dissipated in resistance. You have also learned thai the formula
for power is P = [*R. This is only the formula that should be used to find power
in AC systems.

7 POWER DISSIPATED IN ARL CIRCUIT =

| POWER pissiPATED=0 |

POWER DISSIPATED =I2R, l

XL Ry

Y X,
2

X .

R
L3 2 POWER DISSIPATED=0 |

-
IfOWER D|SS|pATED=OI\{powER DISSIPATED = R2]
. y

Go through all the steps necessary to find the power dissipated in the following
circuit. (See Q24 through Q27.)

AN\
R=3nNn
10V
60 h2 L=10.6 mh

Q24. What is the induetive reactance of the coil?

Q25. What is the impedance of the circuit?

Q26. How much current flows through the ecireunit?

Q27. How much power is dissipated in the eircuit?

Q28. Hlere is a more complicated circuit. Notice how the current
divides in the parallel parts. Kirchhofl’s law is used to de-
termine how the cwrrent divides. How much power is dis-
sipated in this circuit?

MarcH-APRIL, 1971
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R|=2ﬂ L=5.12mh

. Suppose a 4-henry filter choke and a 2,630-ohmn resistor are

wired in series across the terminals of a transformer that
supplies 13 volts at 60 hz. Draw a schematic of the cirenit.

Q30. How much current will flow in the cireuit?
Q31. How mueh power will be dissipated by the resistor?
Your Answers Shonld Be:
\21. X, = 27IL = 4 ohms (approx)
A25. 4 = 5/33° ohms
E
A26. 1 2 amperes
Z
A27. The power dissipated is: P— 2R = 12 watts
A28. Since the current is known. the inductors can be disregarded. Use
P I2R to tind the power dissipated in each resistor.

P, 5 X 5 %X 2 = 50 walts

Pa 5 X5 X4 100 watts

P 2 X 2 %X 2 =8 watts

P, 3 x 3 x| 9 watts

TOTAL 167 walts
A29.
SAAY
2=2,630N
15v

6’ 60hz L=4h
\30 1.057 ohms | 13 5 ( )
30. X, : ohms 5 ma (approx.

' 7 3.000

A3l.

X

R 2,630 ohms
Z 3,000/30° ohms (approx.)
P = I2R = 0.072 watt

ELEMENTARY ELECTRONICS
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WHAT YOU HAVE LEARNED

1. Series and parallel inductive reaclances can he combined in the =ame way

as resistances.

2. L/R is the time constant of an Rl. circuit and indicates the time in second:
it takes a pulse 1o reach 63<¢ of its maximum value.
3. Q is the ratio of X;, 10 R in a coil.

4. The phase angle in an AC circuit i

and R.

%)

determined by the proportions of X,

. X, and R are added vectorially to find impedance.
6. Impedance may be expressed as Z/6 or R

X

NEXT ISSUE: Part 10—Understanding RC Circuits

This series is based on material appearing in Vol. 2 of the 5-volume set,
BASIC ELECTRICITY/ELECTRONICS, published by Howard W. Sams & Co.,
Inc. @ $19.95. For information on the complete set, write the publisher at
4300 West 62nd St., Indianapolis, Ind. 46268.
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Hey, look me over

Continued from page 12

LT

Fisher RC-80 Cussette Deck

deck to their hine of quality hi-A components.
The RC-80 incorporates the ingenious Dolby
noise reduction system that enables a tiny
|-%8 ips tape 10 sound better thin professional
reel-10-reel recorders. The RC-80's frequency
response ranges from 30 10 12.000 Hz. thanks
to unusually careful design of heuds. as well
as advanced solid state circuitry. A newly de-
signed tape transport mechanism with a. DC
drive motor has virtually put an end to wow
and flutter. The RC-80 also features convenient
slide controls for level setting, two VU meters
for stereo recording. Key-type operating con-
trols. automatic shut-off. The price: $199.95.
Get all the facis from Fisher Radio Corp..
71-40 45th Rd.. Long Island City NY 11101.

Circle No. 36 on Page 17
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Both ferrous metals (iron. steel.
tin) and non-ferrous (gold. silver.
copper)—to a depth of up to 6

inches—are ferreted out by

EICO's new model TH-30
Solid-State  Detector  Kit.
$2995. As the “Treasure
Hunter”™ approaches the

search area. the presence

of burried coins. under-

ground and building

pipes. etc.. heightens

the pitch of the au

) dio-frequency beat

note heard through

the built-in speak

E er. Engineered for

long-term trouble-

free performance. the EICO TH-30 comprises

an all-solid-state circuit design. powered by a

single 9-volt bhattery. EICO Electronic Instru

ment Co. is located at 283 Mualta Sreet. Brook-
lyn. NY 11207

FICO TH-30 a1
Treasure Hunter

Circle No. 37 on Page 17

A Real 4 Stacker

Lafayette’s new Criterion 4X deluxe book-
shelf speaker svstem has four separate speakers.
each a brilliant performer over its assigned
range. Components include a big 12 in. woofer
with 4% |b. magnet structure and 2 in. voice
coil good down 1o 25 cycles: and rigid fiber
zlass-filled enclosure with tube type ducted port;
S in. mid-range with fiberglass-filled chamber:
3~ speaker from 5,000 to 10,000: and a 1'% in.
super tweeter from 10,000 to 20.000 Hz. In-
cludes high frequency and mid-range controls
which permit adjustment of the tonal response.
and polarized input terminals. Handsome. de-
luxe oiled walnut enclosure gives the look of
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Lafayette’s Criterion 4X Spealker System

fine furniture. Capacity: 50 watts. Price
$69.95. Available from Lafayette Radio, 111
Jericho Turnpike, Syosset NY 11791

Circle No. 38 on Page 17
Safety First

Kalimar has just introduced a new safety
device that should be in every room in your
home, office. and factory; and should also be

0o by ke Bowm & Yuu Nosgr!

Kalimar Fire Alarm

carried with you on those out-of-town trips.
No batteries or springs are needed. Just plug
into any 110-volt AC outlet. When room tem-
perature reaches 140°F., a loud BUZZ will
alert you to take action. Sells for $9.95. Avail-
able through Kalimar Inc., 2644 Michigan Ave.
St. Louis MO 63118.

Circle No. 39 on Page 17

Doubling Up

A universal stacking kit has been introduced
by The Antenna Specialists Company. When
used with a pair of 3, 4, or 5 element beams
or quads, the result is an additional gain of
3 db (the equivalent of doubling the trans-
ceiver's power output). The stacking arrange-
ment- also results in a narrowed beam path
which allows the operator to “zero in” on the
received signal more precisely and also elim-
inate many interfering signals that are off the

|
|
|

Antenna Specialists Stacking Kit

beam path. Supplied with the stacking Kit is a
phasing harness that allows easy matching and
hookup of any pair of conventional beams or
quads. Suggested price of the stacking Kit,
model M-205. is $49.95. Complete information
is avaiiable from local A/S dealers or by writ-
ing to The Antenna Specialists Company, 12435
Euclid Avenue. Cleveland OH 44106.

Circle No. 40 on Page 17

Feather Weight

Hi-fi buffs concerned about the danger of ex-
cess stylus pressure destroying their valuable
records will appreciate a new ultra-accurate
stylus force gauge announced by Shure. The de-
sign of the new Shure Model SFG-2 stylus force

Shure SFG-2 Stvlus Force Gauge

gauge is based upon a positive counterweight
balance principie. There are no springs to
weaken or wear out. It is designed to measure
stylus pressure with the tone arm in actual play-
ing position and is accurate 10 within %o of a
gram in the optimum tracking range of 2 1o
12 grams. List price of the Shure Model
SFG-2 is $4.95. For additional information,
write: Shure Brothers, Inc.,, 222 Hartrey Ave-
nue, Evanston, IL 60204.

Circle No. 41 on Page 17

One of the hest sources for information on
New Products is the advertisements seen in
this magazine. Why not look ar them. then
circle the appropriate service number on page
17—our Reader Service Page?
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Newscan
Continued from page 79

fer gate. The function of the transfer gate is
similar to that of a sluice gate in a water system,
controlling the transfer of water between res-
ervoirs of different levels.

The higher level corresponds to the source
electrode; the lower level to the receiver. The
effort required to operate the sluice gate in the
water system is only a fraction of the total
energy released. Similarly, only a small amount

of charge on the transfer gate 1s required to
control the transfer of a much larger charge
across the Surface Charge Transistor. Ampli-
fication of both charge and voltage i1s possible
with the new circuit element. This amplified
output is electrically isolated from the input and
thus the structure is referred to as a transistor.

A series of Surface Charge Transistors can
be easily linked to form a shift register, a basic
component in computer memories. In this ap-
plication, the circuit elements are merely placed
adjoining each other along the surface of a sili-
con chip, with the receiver electrode on one unit
serving as the source electrode of the next. B

DX Central Reporting

Continued from page 16

from 780 to this new spot. where medium wave
listeners, particularly in the east and south,
have a chance to hear its “Radio 900 identifi-
cation announcements. 3,010—One of the
rarer stations from West Africa is Radio
Garoua. Cameroon. which has been reported
by several listeners lately. Programming usually
is in French, but don’t be too surprised to hear
Arabic musi¢c and chants until 2200 s/off. 5,980
—From the far, far north come the shortwave
signals of Grenlands Radio Godthab. Green-
land. a good catch in anyone’s log book. You
may hear them signing on around 1015 if you
can roll out of bed that early. 7,235—A lot of
listeners have been looking for the Solomon Is-
lands Broadcasting Service. but were stymied
when they only used the hard-to-hear 3,995 out-
let. After a brief sojourn on 7,115, SIBS has
moved here and is audible before dawn. 9,770
—Need Austria in your logbook? Try Austrian
Radio at 0030, when they are broadcasting in
English news at 1540. 15,365-—Here’s another
they used to say on the old “Blondie” radio
show. Try the same frequency around 1400,
when you should hear the Haitien missionary
station, 4VEH in English with a kiddie show.
11,940—Radio Singapore. from the island na-
tion in Southeast Asia, may be heard here with
English news at 1540. 15.365—Here's another

frequency to try for Radio Espana Indepen-
dente, mentioned above. Listen at sign on time,
0200. (Credits: Gordon Nelson, Mass.. Alan
Roth. Conn.. Jerry Berg. Mass.. George Schna-
bel, N.Y., Bob Zilmer, Wis.,, Woody Seymour
Jr.. North Carolina, Stewart MacKenzie, Cal.,
Ed Shaw, Virginia, National Radio Club, Box
99, Cambridge, Mass.. 02138, American SWL
Club, 16182 Ballad Lane, Huntington Beach,
Cal.. 92649)

Backtalk. Craig Masters of Ft. Wayne, In-
diana. writes about a strange new station he
heard recently on about 13 mHz.

“At first I thought it was WWV’s time clock,
because of the ticking. but | was wrong. At in-
tervals of one or two minutes, the announcer
said, ‘This is KC2XIO. These experimental
transmissions are not on a continuous basis.' No
location was given. | need help!”

You came to the right place. Craig. First, you
weren't far off when you guessed it was WWYV,
the National Bureau of Standards’ time and fre-
quency station. Last June, NBS received autho-
rization to broadcast, daytime only, from
KC2XIO. lts purpose is to test different broad-
cast formats. NBS is anxious to improve the
usefulness of WWV and its Hawaiian counter-
part, WWVH. Hence the experiments.

Secondly. the station is located at Ft. Collins
Colorado. Transmissions began last July 9. on
a single frequency, 13.560 kHz.. plus or minus
four kHz.. from a 10 kilowatt WWYV standby
transmitter. KC2XI1O probably will end these
tests before spring.

Great Men of Science
Continued from page 78

at the time.

The second process, triggered by presence
of minute quantities of the then-unknown
isotope U235, is atomic fission.

In a primitive laboratory Enrico Fermi
had split the atom—but didn’t know it.
Even when he was awarded the 1938 Nobel
Prize for physics the full impact of his
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work wasn’t recognized.

To escape the Fascist government, Fermi
fled the country. He came to the U.S. and
joined the faculty of Columbia University.

With his wife Laura he soon went to the
pier to meet another incoming scientist in
exile—Niels Bohr, of Denmark. Bohr
brought news about the way Otto Hahn and
Fritz Strassman had gone about effecting
nuclear fission.

Working as a key member of the Man-
hattan project, Fermi embarked on a search
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for ways to achieve a controlled chain re-
action among atoms.

He was an enemy alien, not eligible tor
U. S. citizenship. Still he was invited to join
a team headed by Arthur H. Compton.
Compton, Fermi. and their colleagues
worked in secret under a tight security cover.
In this climate they built the world's first
atomic pile in a squash court at the Univer-
sity of Chicago.

Controlled reactions within that atomic
pite prepared the way for creation of the
first A-bomb . and also for mass pro-

duction of radioactive isotopes.

Fermi brooded over destructive forces
of atomic power, but predicted that the
forces he had helped unleash would prove
more important in peace than in war. They
might even help 1o usher in a new era of
health for all mankind.

Fermi didn’t live to see that era unfold.

Cancer of the stomach claimed him at 53
—in the early dawn of the period during
which radioactive isotopes were put to work
saving lives of persons whose malignancies
are discovered at carly stages. w

Bookmark

Continued from puge 14

recr. taking into account both electrical and
physical parameters (size. shape. and leud con-
figurations). In case vou didn’t know. H. A,
Middleion is also author of the widely used 1ube
substitution guide. Tuhe Caddy. The handbook
is published by Havden Book Co.. |16 West
14th Street. New York. N.Y. 10011,

Circle No. 45 on Page 17

TV Fix-it Course

Monochrome Television Servicing Course by
M. N. Beitman is now available—totally re-
vised and updated. the new edition is based

on an old favorite thut sold in the hundreds
of thousands. 1t is intended to bring 1o service-
men with radio repair experience. practical
lelevision hnowledge needed to repair mono-
chrome (black-and-white) TV sets. Starting
with hints on simple TV repairs using picture
faults as a guide. the course covers all topics
including understanding transmitted signals, an-

tennas. circuits.  align-
S

ment. and a complete
Television study of tube and tran-

sistor sets. Published by
Supreme Publications.
1760 Balsam Rd.. High-
® land Park IL. L]
Soft cover

160 pages

$3.00

~_ . 1 .
Servicing Course

Circle No. 46 on Page 17

Wheatstone

Coutinned from page 77

sensitivity of the meter and permit you to
obtain a better balance. Finally, pushing the
last pushbutton connects the meter directly
across the bridge without any protective re-
sistors in series, giving maximum sensitivity
and accuracy.

The voltage of the battery used to power
the bridge is not critical. However, the lower
the voltage used. the less sensitive the bridge
becomes. especially on the high-resistance
ranges. On the other hand, high voltages
force excessive currents through the resis-
tors in the bridge, cspecially on the low-
resistance ranges. These currents can dam-
age the unknown or the calibrated variable
resistor. A good compromise for the values
shown is provided by a voltage of around 3
volts. At this voltage, the 10-ohm resistor
should have a one-watt rating; at 1.5 volts,

100

a 'a-watt unit mav be used. At these low
voltages. however, the X 1007 range should
be omitted. because the balance point be-
comes so broad that it is undetectable.

To avoid the compromise. another deck
can be added to the selector switch to auto-
maticallv provide higher voltages tor the
higher ranges. Up to 20 volts can be used
in anv range above X 17. Yet another
alternative is to use a vacuum-tube voltmeter
as the detector. which makes the balance
point for the “X 100" range easily detec-
table. even with a 14 -volt battery powering
the bridge.

Remember that the bridge will drain the
batterv even when not in use. so a switch
should be included to disconnect the battery
when vour measuremenis are completed.

Well over a century scparates Wheatstone
and Christic from the present day. but vou
can bridge those years. electronically, as
you find that their concise and clever cir-
cuit still does an excellent job in the inte-
grated circuit era. ]
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Kathi’s CB Carousel

Continued from page 69

Prophet Godd~+d

Continued from page 32

P.A. SPEAKER

TVI ADJUST

EXT. SPEAKER ANTENNA CONNECTOR

Gee whiz, | wish more transceiver rear pan-
els were this easy to figure out! With only
three jacks, one knob, you can’t go wrong.

only-12 dB. It took a little more voice
level than average for 100% modulation,
but there’s a very effective limiter prevent-
ing overmodulation—even if you shout!

The Courier Ciration rig proves that you
can’t tell a CB rig by its cabinet. I've seen
professional-appearing rigs that are guar-
anteed to sit in the CB dugout—and do
nothing elise. The Courier Citation, on the
other hand, is an attractive transceiver sell-
ing for $199 that’ll earn you home runs on
the Citizens Band. For more information
describing the Courier Citation circle num-
ber 31 on the Reader Service Coupon lo-
cated on page 17. E l

g

Iy

TICCUEITL

“Say, ‘Buzzz . . . zap . ..

click’!”

Aun
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the gas evolved, or the change in mass pro-
ducing the desired result.”

In the Ultimate in Jet Propulsion, God-
dard updated his view. “It has long been
known that protoplasm can remain inani-
mate for great periods of time and can also
withstand intense cold if in the granular
state. In this connection, it may be pointed
out that quick freezing of food products as a
technique is at least suggestive. Further-
more, Drs. John Field I and Frederick
Fuhrman, physiologists, have recently found
that cold does not cause the Killing of brain
cells. Perhaps, this latter is a hint of a solu-
tion . . .” As an alternative, Goddard men-
tioned the possibility of enclosing granular

| protoplasm and sending it out of the solar

system there to create intelligent life—the
protoplasm being of such a nature as to
produce human beings, in time, by evolution.

A New Plymouth Rock. Goddard pre-
dicted that, in one state or another, men
eventually would set out as did the pilgrims
in the early voyages to New England in
search of a new home. They would carry
with them as much as they could of all hu-
man heads in as light, condensed, and in-

| destructible a form as possible so that a

new civilization might begin where the old
one ended.

This then is Goddard’s imagination,
unfurled like his solar sail, reflecting every-
thing within its great range—an imagina-
tion that could carry mankind through gal-
axies. If this still seems like Jules Verne or
Buck Rogers, there is an important differ-
ence—Goddard not only thought and wrote
about the most advanced ideas in space
science but also explored most of them
mathematically, developed detailed theories,
and then drew detailed designs for them.

Apollo 11 brought to realization much of
Goddard’s research and testing. The moon
landing itself flipped pages of his ideas from
fiction to fact and lent considerable credi-
bility to his ideas for interplanetary travel,
intergalactic exploration, and the last migra-
tion of the human race.

Certainly, Goddard was one from the
earliest and most significant architects of
Apollo. Dr. Wernher von Braun, director of
NASA’s George C. Marshall Space Flight
Center and the man most responsible for the
development of the Saturn S and other
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space program rockets is quick to point out
Apollo’s “debt” to Goddard’s work. He
stresses the importance of Goddard's 214
patents, stating that “Many of these were
for components that have become standard
today. He introduced, among other things
the gyroscope control, turbopump-fed lig-
uid-propellant engines, regeneratively cooled
engines, and the gimballed engine mount-
ing. All these proved essential to the later
rockets that boosted man into space, and
without them Saturn 5 simply would not
have been possible. It can be said that God-
dard did most of his basic research that
made possible such rockets as Saturn 5.7

Von Braun feels that Goddard’s greatest
single contribution was proving that liquid-
propeltant rockets could be built and would
fly. Goddard's 1926 test. conducted with
homemade rocketry hardware and carried
out on the basis of theories he picced to-
gether, was n modest beginning for the
space age. The liquid-fucled rocket rose
only to a height of 41 feet. but it was the
first burst skyward in man’s 238.000-mile
journey to the moon. For this Goddard was
rewarded with verbal abuse. derision. snick-
ering, and indifference. As a result, he be-
came increasingly secretive and shy in pub-
lic, devoting himself 10 the realization of a
dream rather than answering his critics. His-

tory now reflects on the test in terms as
epochal as the Wright brothers’ first flight
at Kitty Hawk.

Now He is Gone! His widow Esther ex-
plains her husband’s plight this way:
“Granted he couldn’t tatk about space
travel, even though he knew it was coming:
granted he could only hint at the moon,
though he knew that was coming: granted,
then. he couldn’t talk about what was clos-
es! to his heart. What outlet. then? First, he
could write about it privately. which he did,
and he could patent his idcas. which would
someday point out cognoscenti what he had
in his heart—which they did. He was sure
they would not come true in his time. But it
was precisely these patents that would tell
scientists that they had a forerunner who
had understood what they could live to ac-
complish. They were his messages to the
future.”

On the day the Apollo 11 crew returned
from its magnificent mission. Mrs. God-
dard was overjoyed. But, like her husband,
she looked to the future. “Now that this has
heen attained, perhaps his further dreams as
found in his papers may be met with less
elevating of the eycbrows. | am blessed to
have scen part of his drcam fulfilled today. I
can do no less than express the conviction
that the rest will follow.” |

Stamp Shack

Continued from page 22

pendent telephonic systems. posed many prob-
lems. But with serious cooperative efforts. it
now is possible for a subscriber in any one na-
tion of the FEuropean Telecommunications
Union 10 reach a number in some other nation
without having to go through an international
long-distance operator.

® The onesshilling denomination is another

Ay

“mysterious” stamp design with a series of hori-
zontal dashes flanked bv wavv lines with small.
circular dots. This one is supposed to suggest
Putse Code Modulation. Invented bv A. H.
Reeves in 1937. it was only recently that its
operation was made possible by the introduction
of transistors.

® PCM was developed by the post Office pri-

Great Britain
1/-Pulse Code
Modulation
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marily for use on telephonic junction cables be-
tween 10 and 20 miles in length. Its high resis-
1ance 10 cross talk and noise disturbances makes
it especially suitable for use in urban areas. By
it, speech is sampled 8.000 times per second at
the sending end. and converted to pulses sent
along the line at the rate of 1%2 million per sec-
ond. Watertight transistorized repeaters along
the route maintain the pulses until they reach
the receiving terminal and converted back into
speech.

® The 1%2-shilling. and fourth value of the set
has the clearest design of all. 1t shows u batch

Great Britain
i 1/6 Sorting Macliine

of letters passing through an automated sorting
machine, falling into boxes for more rapid
distribution.

@® Ever since two Dutch engineers inj 1935 inj-
vented their Transorma—a huge device by
which clerks. scanning addressed envelopes.
could sort mail by punching numerical keys
something like an adding machine—postal au-
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thorities all over the world looked to automa-
tion.

® Today, automated sorting and posimarking
machines are used in many parts of Europe, the
Americas and other parts of the earth. Key to
the success of these machines is a luminescent
chemical with which stamps are coated, or
which has been added to paper or ink. Ex-
tremely sensitive scanners are fed with mail
tonnages at offices that have the machines. They
read the stamps and automatically “face” each
envelope. turning or flipping them faster than
the eye can see until all—when they reach the

last compartment—are in the same position to
be properly postmarked. They then are read a
second time and dispatched to their destination.
This operation is no cheap matter; the ma-
chines cost millions and require expert control
manpower. Once coding is more universally
adopted (they call it “Zip~ Code in the U.S.
and Canada; “Postcode.” elsewhere) these be-
hemoths will scan envelopes for this code as
well and eventually eliminate the necessity of
human, manual sorting-distribution—a dream
postal authorities hope will be completed by
1975. ]

En Passant

Continued from puge 25

sight of the board and pieces!

News and Views. The United States Team
finished 4th in the 19th Chess Olympiad at
Siegen, West Germany. last September. Scoring
24Y2  points behind USSR. 27V2. Hungary,
26'5. and Yugoslavia, 26, the performance was
a great disappointment as the team was headed
by Fischer and included Reshevsky, Benko,
Evans., Rev. Lombardy, and Mednis. Except
for Robert Byrne, the outfit was at full strength.

Grandmaster Robert ). Fisher of lLos An-
geles, whom statistics prove to be the strong-
est player in the world at the present 1ime. has
agreed to compete in the 8th FIDE Interzonal
Tournament in Palma de Mallorca during
November. Expert politicing in FIDE meetings
and the proper persuasion of RIF was necded
to bring about this desirable happening. The
Interzonal is the second step in a qualification
cycle to the world championship, now held by
Boris Spassky of the USSR.

The United States won the World Student
Team Championship held at Haifa. Israel,
during August. No communist countries par-
ticipated. Our boys - Kenneth Rogolf, Michael
Sienkiewicz, Andrew Soltis. James Turjan.
Richard Verber and Marc Yoffe—scored 27'%
to finsh ahead of England. 26'2 West Germany,
26, and Israel, 22. Hats off!

Lubomir Kavalek. USCF Senior Master. of
Maryland, formerly of Czcchoslovakia, (a
great new asset to American chess) took top
honors with 13-4 in the recent international
tournament at Caracas. Other U. S. entries
were Benko. 4th, Bisguier, 9th and Addison,
1 Ith.

International Grandmaster Robert Byrne of
Indianapolis won a record breaking (394
entrants) Atlantic Open in New York last
summer. He amassed 7-1 (two draws) to
pocket the $1000 top award. Placing 2nd though
S5th with 6'2-12 were: R. Blumenfield, W.
Browne. Eugene Martinovsky. and Orest Popo-
vych.
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Kenneth Rogofi, 17. of Rochester, N.Y.

a USCF Master. won the 1970 US. Junior
Championship with a 5%-1'2 score. A.
Deutsch, 5-2, was 2nd. and E. Meyer, 4-3,

came 3rd. Having won the title in 1969 too,
Rogoff becomes the first one to be champion
LlwO years running.

Au Revoir En Passant. This is my last column.
Editor-in-Chief Julian M. Sienkiewicz advises
there is insufficient reader interest to warrant
its continuation. Unfortunately. it has not
obtained the acceptance we though it would
when it began 29 issues ago. | have enjoyed
doing the column for Elementary Electronics
and hope some of you have found it entertain-
ing. For those of you who might like to follow
my writings I suggest you read “Postal Games™
and “Games By USCF Members” in “Chess
Life & Review,” the official organ of the
United States Chess Federation. The magazine,
a monthly. is available at newstands, or may
be subscribed to by writing to the United
States Chess Federation. 479  Broadway,
Newburgh. N.Y. 12550. Have fun with chess

and farewell. [ ]
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Loose Coupler
Continued from page 46

COIL TAP 3 TO
SWITCH POINT 3

COIL TAP 2 TO
SWITCH POINT 2™

COIL TAP I TO

SWITCH POINT I ™~

SWITCH LEVER
STOP (6-32 _

SCREW OR

Layout for hardware on ~ METAL PEG)
tront end disc. Note
holes for brass sleeves—
they must be positioned
accurately, then drilled
perpendicularly to front
end disc. Otherwise, sec-
ondary coil might not
slide completely into pri-
mary coil.

LONG

PRESS FIT)

dry goods store! Ask for two pairs of “-in.
diameter, brass curtain rods. cach rod at
least 18 inches long. Cut two rods down
to about 16'2-in. overall length, threading
each with a 10-24 dic.

The length of the rod’s threaded portion
isa’t critical: two inches on both ends of
each rod does the trick. And you'll probablv
want 1o drill the end support holes for both
slide rods slightly oversizec. Reason is this
insures that the secondary coil assemblv
will glide smoothly over the rods when
they're adjusted. (Otherwise, any mechani-
cal eccentricity in either pair of end supports
or slide rods can't he corrected. and you
won't be able to push the secondary coil
more than halfway into the primary coit).
Assemble both secondury rods and sec-
ondary coil tube form as our diagram shows.
After you've ualigned the rods. tackle the
primary coil slide tube.

The author fabricated his primary coil
slide tube from a piece of *-in. O.D.
square brass tube. But for simplicity’s sake.
make your tube from another length ol
curtain rod.

After cutting a rod down to seven inches,
you drill a hole in both ends. Then fasten
the slider to both end supports as shown.
Although the author made his own primary
tube slider, it’s a heck of a lot easier if you
made your slider from the same brass mate-
rial you need for the secondary coil slider.

Countdown to Hookup. By now you
should be well on vour way toward com-
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6-32 MACHINE
SCREW 1-374"

BRASS SLEEVE '

FOR SLIDE ROD
(DRILL HOLE FOR

SWITCH LEVER BENT
FROM THIN BRASS
BAND

COIL TAP 4 TO
SWITCH POINT 4

\ /

COIL TAP 5 TO
SWITCH POINT 5

FRONT END OF
- COIL TO SWITCH
POINT 6

pleting vour loose coupier's construction.
And by now you've also strung up a very
long wire antenna—that’s one of the keys
to a loose coupler’s success.

Referring to our schematic of the com-
plete receiver. vou'll see that the loose
coupler appears as a crystal rig. You're
right! While it looks like a frece power rig’s
schematic. the loose coupler far outpaces
the ordinary crystal radio by virtue of its
super-selective secondarv coil. And. with a
365 picotarad variable capacitor tied across
the coupler’s secondary coil. you can tunc
this rig between 2 MHz and 300 kHz. No
superhet can maich this kind of bandspread
in on2 sweep of its tuning knob!

Although the loose coupler is u reasonably
sensitive and selective rig as we've presented
it. you can extract outstanding performance
from it by adding two variable 365
picotarad capacitors. The first capacitor is
soldered in purallel with the primary coil.
And the sccond pico-picker is thrown in
serics with your antenna’s hot lead. Now
you can resonate both primary coil and
antenna wire. respectively.

Many of vou have never built a golden
oldie like this one. so we suggest that you get
the hang of this rig by starting out with the
most basic ¢ircuit we've shown. After you've
mastered the fundamentals, proceed to soup
up your loose coupler’s performance with
the capacitors we've mentioned. And then
get set for some of the most exciting DX
perfomance this side of an Audion tube! B
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FOR BIGGER PROFITS! NEW CAREER OPPORTUNITIES!
READ AND REPLY TO THESE CLASSIFIED ADS

A\

Ve

Classified Ads 65¢ per word, each insertion, minimum 10 words, payable in advance. To be included in the next available

issue of ELEMENTARY ELECTRONICS, copy mus

R t be in our New York Office by April 1st. Address arders to C
Manager, Classified Advertising. ELEMENTARY ELECTRONICS, 229 Park Avenue South, New York, N. Y. 10003.

. D. Wilson,

BUSINESS OPPORTUNITIES

EDUCATION & INSTRUCTION—Con't. |

I made $40.000.00 Year by Mallorder!
Help others make money!' Start with $10.00

-Free Proof! Torrey, Box 318-T. Ypsilanti.
Michigan 48197

FREE Book ''939 Successful, Little-
Known Businesses.” Fascinating! Work
home! Plymouth 411-W, Brooklyn
New York 11218.

MAILORDER. How to prepare your own
catalog for pennies. Free Catalog! Obie—
MBP, Brookiyn, New York 11219

$200.00 SPARETIME earnings with vour
Tablesaw. Write: Workshop Three, 3800
Harney, Vancouver, Washington 98660

$5,000.00 MONTHLY potential from
$650.00 Investment. Bulld own sponsoring
organization.. No inventory. Unlimited
Free Details. Consultants. Box 504
Pinellas Park, Florida 33585.

AMAZING New Plan to earn extra
Dollar: Complete details $1.00. .
Enterprises. SMC-72, Box 5839. New York.
New York 10017.

BUILD-IT-YOURSELF

AMATEUR Radio. Corr d

MONEYMAKING OPPORTUNITIES—
Con't.

Sight-and Sound no-textbook Courses ‘f‘or

GENERAL. ADVANCED and EXTRA
CLASS licenses, complete Code and The- ]
ory. These are NOT_ memory courses

AMATEUR RADIO LICENSE SCHOOL.
12217 Santa Monica Blvd.. Los Angeles
California 90025,

C. B. BUYERS' Guide—A new magazine
for the buvers of Citizen's Baud Electronic
Equipment. Send $1.25—includes Postage
to C. B. Buyers' Guide, 229 Park Avenue
South, New York., New York 10003

ELECTRICAL EQUIPMENT & SUPPLIES
LIGHT BULBS—Every Size. Specifs

needs. Jetronics. Box 67015. Century City
California 90067.

SEND $1.00 or $3.00 for valuenak o

| electronic components bargains and catalog

to Martronics. Box 98771. De:
Washington 98188

FARMS, ACREAGE & REAL ESTATE

Moines.

Mich. area. from $99 acre.
-OK. Cabins, trailers. camp-

PSYCHEDELIC LIGHTING MANUAL!

Free pictures. write Hiawatha
Forest Lake Acres 3650

Make strobes, kaleldoscopes. organs. etc. | Plains. 44 Michigan 48020
Send $2.95 Lightravs, 1315 N. Weaver,
Philadelphia, Pennsylvania 19150 HYPNOTISM
COINS, CURRENCY & TOKENS MASTERING HYPNOTISM. the Hvp-
| notic S Effective comwprehensive,

RARE COINS! Pricelist 25¢ (Refund-
able) Premiere, Box 7776SM. Spokane.
Washington 99208

EDUCATION & INSTRUCTION

UNIVERSITY Degrees by mall. Free in-
formation. Write—Norman _Publishing.
Dept. 63, Box 3199. Pasadena, Calif 91103

STAMP out your Code-Gap the easy
way! Wilkinson fully programmed course
makes your recor player a tireless
teacher. Get to licence speed at vour own
comfortable pace. $9.45 Postpaid. De-
talls free in Bulletin CFS. Wilkinson
Laboratories. Box 14196. Galnesville.
Florida 32601,

MAKE Mal! Order pay. Get ‘‘How To
Write a Classified Ad That Pulls.' In-
cludes certificate worth $2.00 toward clas-

& Send $1.25 (includes

Wilson. Science &
Mechanics. 229 Park Avenue South. New
York. New York 10003.

£5.00 Moore. Box 22. RFD 5.

Saugerties
New York 12477

INVENTIONS WANTED

WE either sell your invention or pay
cash bonus. Write for details. Universal
Inventions. 298-3, Marion. Ohio 43302

MAGNETS

MAGNETS—All types. Specials—20 disc
magnets. or 10 small bar magnets, or 8
assorted magnets. or 2 stick magnets.
$1.00. Maryland Magnet Company. 8825-R
Allenswood. Randallstown. Maryland 21133,

MONEYMAKING OPPORTUNITIES

START BIG-PAY Business at home in
spare time. No experience needed to oper-
ate little tabletop machine for bronzing
baby shoes. Make $7.95 profit on everv
pair, Full particulars free' Send postcard
to: Mason. Room-MC-107-AC. 1512 Jarvis
Chicago. Illinois 60626

| Send $2.01

10 to 160 Acre tracts—Lake Superior. |
Marqguette,

Dixie. Drayton |

EARN 10% to 12% annually on bank de-
posits, large or small. Combplete detalls
$1.00 or send stamp for information. Ap-
plications, Box 486, Deer Park, Texas 77536

OF INTEREST TO WOMEN

$100.00 Weekly possible mailing circu-
lars. Send self addressed stamped euve-
lope. Details Free! Ayers. Box 1591,
Denton. Texas 76201.

$350 MONTH ADDRESSING' Detail
Mat! Stamped Self—Addressed Envelope.
25¢. Write! Happy. Box 1161-DV. Battle
Creek, Michigan 49016

PERSONAL

AMAZING New Book presents medica
and psychological step-by-step method to
stop smoking. Money back Guarantee

.00, Keevil, 6041 Washington
Chicago Ridge. Illinols, Dept. 1032, 60415

RADIO & TELEVISION

THOUSANDS and thousands of tvpes of
electronic parts, tubes, transisiors, instru-
ments, etc. Send for Free Catalos
Arcturus Electronics Corp.. EME
22nd St.. Unilon City. New Jersey 07087

RADIO & TV tubes 35¢. Free Catalog
Cornell, 4217 West University. San Dieco
California 92105

RECEIVING & INDUSTRIAL TUBES
TRANSISTORS. All Brands—Bigeest Dis-
counts. Techniclans. Hobbyists. Experi-
mentors—Request Free Giant Catalog and
Save! Zalytron. 469 Jericho Turnpike
Mine~la. New York 11501

FREE electronics cnlal_o; Tremendou
bargains. Edu-Kits, Dept. C-543
Hewlett. New York 11557,

‘DISTANCE Crystal Set Construction
Handbook-—50¢. 10 Crystal Plans-——25¢: 20
Different—50¢.  Catalog Laboratories
2612-G Butano. Sacramento. Calif. 95821

STEREQ-—RADIO—TV Barzalns
Kalousls & Co.. 1175 Magle Ave
New Jersey 07083, .

OLD RADIO PROGRAMS oh tape 6
hours for $8.00. Catalog for 50. Thou-
sands listed. Remember Radio Inc.. 1926
Cherokee, Norman. Oklahoma 73069

BUILD AM Wireless Transmitter Kit
Broadcasts to any¥ AM Radlo. 50 Feet

James
Union

away. Simple. educational to  build
$8.95 -add 15¢ postage. Free Catalog
D. Electronics. 47225 45th NE. Seattle.

Washington 98105.

South, New York, N.Y. 10003.

FOR GREATER CLASSIFIED PROFITS, RESULTS AND SAVINGS

Place your ad in one of our SPECIAL COMBINATIONS: Business, Science 8 Mechanics, or Davis Combi-
nation. Each Combination is designed to give your ad the largest audience available. For further
information write to C. D. Wilson, Manager, Classified Advertising, Science & Mechanics, 229 Park Avenue
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NEW!

Announcing the ,
CIE “LEARNING
LABORATORY”

Light-years ahead of E11)Y
other way to learn electronics.
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Electronic “kits” are out!
Now you can have your own electronics laboratory.

You'll perform hundreds of exciting experiments like these

Working with basic single transistor
clreult — Student learns best installa-
tion and troubleshooting techniques. He
has constructed a basic single transistor
circuit, first step toward understanding
more complex solid-state circuitry.

)

b J B

Observing transistor operating as shunt-
fed amplifier — Student has installed an
oscillator and shunt-fed amplifier. He
takes various measurements and ob-
serves the transistor operating as an am-
plitier. This is a typical solid-state circuit.

Prepare now for a high income career in the fast growing

Electronic miracles are changing to-
day’s world with breathtaking speed.

And with this electronics explosion
has come a brand new need...a
demand for thousands of electronic
technicians, trained in theory and
practice to build the products, oper-
ate them and service them.

Don't wait for something to
"happen' in your present job. Start
werking right now to get ready for
i career you'll really enjoy...at
$10,000. .. $12,000 or more a year.

Experience with experiments

is your best teacher

Silep-by-step learning cannot com-
pare with learning-by-doing. Now
you can learn “why” as well as
“mow.” You'll find out for yourself
the right way as well as the wrong
wily to use electronic components,
1@ construct your own circuits, to
discover trouble spots and learn
how 1o fix them.

Thiz new CIE course, Electronics
Technology with Laboratory, teaches
you electronics by making it work
biefore your eyes. And you do it your-
sell, with your own hands.

Impartance of FCC License and
our money-back warranty
An FCC License is a legal require-
mant for many important jobs. And it
is not easy to get!

But more than 9 out of every 10
CIE graduates who take the Govern-
ment licensing exam pass it!

We are so certain that our Labora-
tory Course will successfully prepare
you for a First Class FCC License
examination, with Radar Endorse-
ment, that if you fail the exam we will
refund all tuition payments.

You get your FCC License, or you
get your money back!

You'll have high-paying

job opportunities

Electronics is in its infancy. Every-
where you turn you find new prod-
ucts and equipment using space-age
circuitry. Computers. Improved
radar for air traffic control. Mobile
microwave communications. These
and many more examples of elec-
tronic technology have created thou-
sands of new jobs —in companies
like American Airlines, American
Telephone and Telegraph, General

with authentic electronic components used by industry.

Assembling integrated circult on a
printed circuit board — Circuit is iden-
tical to one used in latest IBM System
360 computers. Student is constructing
an oscillator combined with a Darlington
pair output amplifier.

field of electronics.

Electric, IBM, North American Rock-
well, Raytheon and Westinghouse.

Once you're enrolled with CIE you
will get a bi-monthly listing of many
high-paying, interesting jobs open in
designing, manufacturing, testing,
operating and repairing.

More and more jobs will be creat-
ed in the next few years. Start today
to get ready for an exciting, new
career in electronics . . . the industry
of tomorrow.

Don’t put it off. Send now

for 2 FREE BOOKS

Mail the postpaid reply card for our
School Catalog plus a special book
on how to get your FCC License. If
card is missing, use the coupon be-
low, or write to: Cleveland Institute
of Electronics, 1776 East 17th Street
Cleveland, Ohio 44114, Butdo itnow!

_________________ ..

dre approved
under the new G.J

Pe———————— e

L3
m— c I Cleveland Institute of Electronics
1776 Eaat 17th Street, Cieveland, Ohio 44114

Please send me without cost or obligation:
1. Your 44-page hook, *“How o Succeed in Electronics.”

| am especially Interested in: (] Electronics Technology with Laboratory

Approved
5 K, * .
under new 2. Your book, “‘How to Get a Commerclal FCC License
G.l. Bill 3 Electronics Technology

[ Electronic Communications
(3 Broadcast Engineering

0 Industrial Electronics
(3 First Class FCC License
O Electronics Engineering

Name_ Age.
Bill. If you served (please print)
on active duty
since lanuary 31
1955, or are In Adaress — —
service now, check
box on card or City State Zip

coupon for G . Bill
information ([ Check here for G 1

Bl information.

|
|
|
|
|
|
]
|
All CIE courses |
|
|
|
|
|
|
|
|
I
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Accredl.led Member National Home Study Council
A Leader n Efectronics Training . . . Since 1934 EL 25



Reg. U.S.
Pat. Off,

UILD 20 RADIO

and Electronics Circuits
PROGRESSIVE HOME

'
/

'RADIO-T.V. COURSE

Now Includes f
x 12 RECEIVERS % No Knowledge of Radio Necessary

% 3 TRANSMITTERS v No Additional Parts or Tools Needed

ol % EXCELLENT BACKGROUND FOR TV

—_—

Tralning Electronics Technicions Since 1946

% AMPLIFIER Pl SCHOOL INQUIRIES
% SIGNAL INJECTOR - = =
% CODE OSCILLATOR * Sold In 7% Countries 1 FREE EXTRAS

YOU DON'T HAVE TO SPEND
HUNDREDS OF DOLLARS FOR A RADIO COURSE

UK » SOLDERING IRON

The ‘‘Edu-Kit'" ofters an outstanding PRACTICAL HOME RADIO COUR 7 ® ELECTRONI
rock-hottom price. Our Kit is desikned to train Radio & Electronics Tecnnlgans.szma:'ln;a: PLIERS.C TCS TESTER
use of the most mocern methods of home tralning. You will learn radlo theory, construce N VA =CUNKERS,
e o e Oshd servicing. THIS IS A COMPLETE HADIO COURSE IN EVERY DETAIL o VALUABLE DISCOUNT CARD

o A earn how to Bultd radlos. using regular schematics: how to wire and solden « CERTIFICATE OF MERIT

- how to service radios. You will work with the standard type of + TESTER INSTRUCTION MANUAL
N atest development of Printed Circuit chassis. + HIGH FIDELITY GUIDE . QUIZZES
You w baslc principles of radio. You will construct, study and work with + TELEVISION BOOX + RADIO

RF and AF amplitiers and oscitiators. detectors. rectltiers, test equipment. You wlll tearn TROUBLE-SHOOTING BOOK

and practice code, & the Progressive Code_Oscillator. You will learn and practice MEMEBERSHIP IN RADIO-TV CLUB: 1
Trouble-shooting. using the Progressive Siznal Tracer, Progressive SiRNal Injector. Pro- CONSULTATION SERVICE « FCC
gressive Dynannc Radio & Electronics Vuster, Syudre Wave Generator and the accompany- AMATEUR LICENSE TRAINING
ing instructional materal . PRINTED CIRCUITRY I

.g. for the Novice. Technician and General Classes of F.C.C, Radio -
i1l build Receiver, Transmitter, Square Wave Generator, Codo .
0‘". tator, Signal Tracer and Signal lnjrctovl cults, :uusr learn how to operate them.

will receive an cxcellent background for television, Hi-Fi and Electronics.

Absolutely no previous knowledge of radio or science is required.  Th CEdu-Kit' i SE RV'C'NG LESSONS
the oduct of many years of teac g and enqinecring experience. Edu-Kit" -
provide you with a b, education in Electronics and Radio. worth many times the You witl learn trouble-shooting and
price you pay. _Th worth more than the price of the kit. servicing In a progressive manncr. You
witl practice repairs on the sets that
you construct. You will fearn symptoms
and causes ?l trouble h; ht?me. pormn:e

o n how to

You do not need the slightest background  akes and backgrounds have successiully and car radios. Yo Slehalt Fracer. the

in radio or sclence. Whether you are inter- used the '"Edu-Kit'' In mo han 79 coun- unique Siknal Injector and the dynamic

ested in Radio la. EI(;‘CII":nlCS nec'aluse you trles' oll' m:; worldafmi- "tsu-nll has bleen Radio & Electronics Tester. While you

interesting hobby. a well payin carctully desizned. step by step, so Ihat ) ]

i 4 :‘ ylo'u cannot n'mke a llmslalu-. IY‘he TEdu-Kit'? are tearning in ml:. oractical way. voil

“Edu-Mit’* a worth-while allows you to teach yourselt at vour own ur frien al nelzhbors, amnd charge

Many thousands of individuals of ' rate. No instructor Is necessary. {&,s "mc,:’sw '“‘,." ,",,“.,“ the price of

the ''Edu-Kit.'' Our Consultation Service

will nelp you with any techaical prob-
tems you may have.

The Frogressive Radio ‘Edu-Kit’t Is the foremost educational radio kit in the world,

and 1s umversatly accepted as the standard in the field ot electronics tralning. The **Edu-
Rit'’ uses the modern educational principle of ‘‘Learn by Doing.’" Therefore you construct. FROM o R MA", BA
Jearn schematics, study theory, practice trouble shooting—alil in a closely integrated pro-
© provide an easily-rearned. thorough and interesting background in radio. J. Statatis. of 25 Poplar P1., water-
lous radio parts of the **Edu-Kit."* Yo carn the bury. Conn.. writes: ‘*l have repared
hen you build a simple radio. With this first several sets tor my triends, and made
learn theory, practice testing moncy. The '‘Edu-Kit'' paid tor Itself.
and trouble-shooting. Then you bulld a more learn more advanced theory was ready to spend $240 for a Course,
and techniques. Gradually, In a progressive mannef, and at your own rate. you will but 1| found your ad and sent for your
tind yoursett Cons"ucllnt:l v.norl.- advanced muiti-tube radio circults. and doini work like a e
rotessional Radlio Technician, vaterlo. P. 0. Box 21. Maxna.
ot o A T edu-Rit" course are Receiver, Transmitter, Code Oscillator, Signal e e Eau-Kits are wondertul. e

1 am sending you the questions and also

Tracer, Square Wave Generator and Signat Injector Circuits. These are not unprofessional

T breadboard'’ experiments, but genuine radio cuits, 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 Radlo for the tast seven years. nlm like
S Pri ireyitry._Th i

to work with Radio Kits. and like to
puild Radio Testing Equipment. | ecn-
joyed every minute worked with the

d € ircuits operate on your regular AC or OC house current.

THE ““EDU-KIT" 1S COMPLETE

to build twenty different radio and fine. Also like to let you know that |

You will receive all parts and instructlons necessar e proug of becoming a member of your

electronics circuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, vai Radlo-TV Club.'*
able. eloctrolytic, mica. ceramic and paper dietectric condensers, resistors, trips, A onert Shutf. 1534 Monroe Ave.
hardware, tubing, punched metal chassis, tnstruction Manuals, hook-up wire, solder, Huntlngton, W. Va.: *‘Thouknt | would
selanium rectifiers. coils volume controls and switches, etc R drop you a few lines to say that 1 re-
U ien “you ‘receive Printed Circuit materials, including Printed Circuit chassls, Ao d my Edu-KIt, ana was really amazed
special tube socket hardware and instructions. You also receive a useful set of tools. a that such a barkain can be had at such
professlonal electric soldering iron. and a scif-powered Dynamic Radic and Electronics a low price. | have already started re-
Tester. The “Edu-Kit’" also includes Code Instructions and the Progressive Code Oscillator, airing radios and phonokraphs. My
in addition to F €. C. Radio Amate License training. You will aiso receive lessons for riends were really surprised to sce me
servicing with the Progressive Sigaul YTracer and the Progressive Signal Injector, a High get info the swing of it so m!lckly. The
Fidelity Guide and a Quiz Book. You r!-ct;we Membership in Radio-TV Club, Free Consultas ;lhr:ualit;-snsoo't‘l‘r:hy‘ross‘:e'a;lm.;'"a.nﬁn:;sw'l't'ré
tion Service, Certificate of Me and Dlscount Privileges. You recewve all parts, toel the ‘, ey vy 1o Be found. '

instructions, ete. Everythino is yours (o keeo.

L Progressive CEdu-Kits' inc.. 1189 Broadway. Dept. $420J). Hewiett. N.Y 11557

- UNCONDITIONAL MONEY-BACK GUARANTEE — — — — 7| N &
Please rush my expanded ~"Edu-Kil”" fo me. as indicaied below | I PRINTED C|RCU|TRY l
Check one box to indicate choice of model

Deluxe Model $31.95
New Expanded Model $34.95 (Same as Deluxe Model Plus Tele- |
ision Servicing Course)

l At no increase in price. the *'Edu-Kit'
now includes Printed Circuitry. You bulld
a Printed Circuit Signal Injector. a unique
servicing instrument that can detect many
Radio and TV troubles. This revolutionary
new technique of radie construction s now
becoming popular in commercial radio and
TV sets.
A Printed Circult is a special insulated
chassis on which has been deposited a con-

Check one box to indicate manner of payment
I enclose full payment. Ship “Edu-Kit'* post paid
| enclose $5 deposit. Ship ~"Edu-Kit” C.0.D. for balance plus postagde.
Send me FREE additional information describing “Edu-Kit."”

Name s ducting _material which takes the place of

—— wiring. The various parts are merely plugged
in_and soldered to terminals.

Cisy % Simte zip Printed Circuitry is the basis of modern

Automation Electronics. A knowledge of this
subject is a necessity today for anyone in-

PROGRESSIVE “EDU-KITS" INC. : e ja
___l]i‘?_Brg_cd_wgyL_Dip'._Sd_?D_J,_Hewlen, N. Y. 11557 A M
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