: 0». \—.._
.. 3~ 3':?" S

-
]

~ FLEMENTARY © ] |

'ElEGTBﬂIVI[,'

f~ A 75c RADIO-TV EXPERIMENTER HANDBOOK 7 SUMMER 19864

BASIC TEST
EQUIPMENT
_FOR YOUR
"WORKBENCH!

-How 1o Put
‘Together a
-Hi-Fi System!

'HOW TO GET
'STARTED IN
.HAM AND CB!

sbecial Sections
~o1l Electronic |
Theory!

-BUILD THIS

$15 BATTERY
‘TESTER IN
4 HOURS »
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AMERICA’S BEST PHOTO BOOKS

25 LOOTENS ON PHOTOGRAPHIC
ENLARGING AND PRINT QUALITY

by J. Ghislain Lootens $4.95

Truly a classic. Called *The finest hook on

the subject

242 124 WAYS YOU CAN TEST CAMERAS,
LENSES AND EQUIPMENT

by Herbert Keppler $2.50

You'll never get stuck if you know what

makes photo equipment tick.

$6 OUTER SPACE PHOTOGRAPHY FOR THE
AMATEUR (New Edition)
by Dr. Heary Paul $2.50

T
[ qured 1
tmam foi Fascinating astronom-
@ ical pictures you can
_) learn to take without

expensive equipment.

168 35mm NEGS and PRINTS: AND HOW
70 GET THE MOST FROM THEM

by Y. E. Satow $2.50
Shows you the special techniques involved

in handling 35mm darkroom problems

175 AVAILABLE LIGHT PHOTOGRAPHY
by H. M. Kinzer $1.95
Get professional results even in poor |ight
conditions using these simple metnods.

589 BABY AND CHILD PHOTOGRAPHY
by Burt Murphy $1.95
Follow this method for photographs you
will treasure forever

78 FILTER GUIDE
by Rothschild and Wright

$2.50

How filters can be
used for creative
and corrective pho-
tography.

275 HOW T0 MAKE MONEY IN
PHOTDGRAPHY

by Eugene Hanson $1.95

Paperback edition of a $4.95 bestseller

called the most helpful on the subjct

180 WEDDING AND PARTY PHOTOGRAPHY
by Barney Stein $1.95
A pro gives expert instruction on catching
those once-in-a-lifetime moments

164 CREATIVE CAMERA TECHNIQUES
by Burt Murphy $1.95
Learn to develop a style of your own by

examining the components of creative

work

81 LENSES: HOW TO CHOOSE AND USE
1HEM

by Ted Russell $2.50

Learn what lenses can do and how they do
it. Which lenses best serve your needs.

177 PHOTOGRAPHY THROUGH MONOCU-

LARS. BINOCULARS AND TELESCOPES
by Joseph D. Cooper $1.95
This book will open up many new fields
expand the range of your camera more
than tenfold.

143 PRACTICAL PORTRAIT PHOTOGRAPHY
FOR HOME AND STUDIO

by Abel & Falk $6.95

Handle every type of portrait with the

ease and results of a pro.

POCKET COMPANION SERIES
$1.95 each

The handiest camera books published.
Contain more useful information than
any other books of the same size.
Beautifully bound in flexible simulated
leather. And convenient—the spiral
binding enables the pages to lie flat
when holding the book in one hand.
Each book contains accurate 8%
reflectance gray card so you can get
right exposure any time, every time.
202 MINOX POCKET COMPANION

292 ARGUS POCKET COMPANION

285 PENTAX POCKET COMPANION

291 RETINA REFLEX POCKET COMP.
287 CONTAFLEX POCKET COMPANION
298 NIKON F-NIKKOREX F POCKET

COMPANION

131 THE NUDE

by De Dienes $4.95
Hollywood's famous photographer presents
another 91 memorable treatments. each a
masterpiece of artistic sensitivity.

49 FLOYD'S PHOTO TIPS

by wayne Floyd $2.50
A photo whiz who knows a thousand-and-
one money-saving tricks, littie-known pro-

fessional practices invaluable to every

amateur

172 NUDE, FIGURE AND GLAMOUR
PHOTOGRAPHY

by Burt Murphy $1.95
A penetrating discussion of the art of
photographing nude and semi-clothed fig-
ures with photographs by Jack Andersson.

264 MAKING SLIDE DUPLICATES, TITLES
AND FILMSTRIPS

by Norman Rothschild $1.95

The most complete guide to egquipment

and techniques ever

588 PETER GOWLAND'S GUIDE TO
ELECTRONIC FLASH (New Edition)
by Peter Gowland £1.95
How to use speedlights for professional

results

186 AVAILABLE LIGHT AND YOUR CAMERA
by George Wright $5.00
Ten experts combine to explain the meth-
ods used by professionals in difficult situa.
tions where no supplementary lighting is
used. Revised, second edition.

272 THE AMATEUR'S 8MM MOVIE GUIDE
by Sid Norinsky $1.95
A concise guide to planning, shooting and
editing home movies. Learn about pan
shots, angles, closeups, continuity.

SCIENCE & MECHANICS BOOK LIBRARY, Dept.
P.O. Box 96, Madison Square Station

New York, N. Y, 10010

672 IMPROVED 33MM TECHNIQUES
by Paul Jonas <
How to avoid the usual pit falls and errors
fn 35mm photography. Good advice and
concrete suggestions on specific situa-
tions

228 EXPERIMENTAL AND TRICK
PHOTOGRAPHY

by Pau! Ouckworth $1.95
Get "kookie' efHects with simple house

hold props and astound your friends.

256 COMPLETE GUIOE TD
KOOACHROME 11

by Patricia Caulfield $1.95
How to get the most out of this new color
fitm.
294 THE ABC'S OF LIGHTING

$2.50

by I.ou Jacobs, Jr.

Beginning or ad-
vanced amateur, you

will find how to
master all situa-
tions.

282 MANUAL OF DARKROOM PROCEDURES
AND TECHNIQUES

by Paul Jonas $1.95

Get first-class results every time by fol-

lowing these time-tested methods of a

working pro.

64 CLOSE-UP PHOTOGRAPHY WITH YOUR
CAMERA

by Marold Martin $2.50
Shows how to get results with simple
equipment from the first roll of film.

284 200M LENS GUIDE

by Myron A. Matzkin $1.95
Examines zoom lenses for all cameras,
movie and still. How they work, how and
when 1o use them.

Camera Guides & Manuals

457 THE LEICA WAY $6.90
194 MAMIYA C-2, C-3 CAMERA GUI;JE 0%

613
329

MINOLTA MANUAL $3.95
OFFIC!IAL NIKON F & NIKKOREX F
MANUAL $2.50

198 OLYMPUS CAMERA GUIDE $1.95
189 CANDN, CANONET, CANONFLEX
MANUAL $3.95
141 EXAKTA-EXA GUIDE $1.95
281 KODAK AUTOMATIC CAMERA csuma
201 VOIGTLANDER BESSAMATIC GUISDE
238 YASHICA PENTAMATIC GUIDE $1. 95
614 HASSELBLAD PHDTOGRAPHY  $3.95
547 KONICA POCKET HANDBOOK  $3.50
74 LEICA MANUAL $6.95
269 PENTAX AND SINGLE-LENS $2.50

Amt. Enclosed $

Kindly send me the books whose numbers | have circled below and for which

| have enclosed the payment indicated above.
25 242 56 168 175 589 78 275 180 164 81 177 143 1
172 202 292 285 291 287 298 264 588 186 272 672
228 256 294 282 64 284 248 372 457 194 613 329
189 14} 281 201 238 814 447 74 269
NAME
LEASE IPRINT
ADDRESS.
CITy STATE 2P =

|
!
|
!
|
!
|
|
|
|
!
|

New York City residents: Add 4% sales tax. All books will be sent postpaid.
Money refunded if books are returned within ten days.

]
]
1
]
]
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|
|
|
|
|
|
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A good paying career in Radio-TV-Electronics may
be closer than you think — regardless of your age,
education or present job experience.

You know about the tremendous demand for radio-
TV and electronics technicians. But something per-
haps you didn’t know is how easy it is to get the
training that will qualify you for this vital work, and
how quickly you can advance.

From the very beginning you will find that your
I.C.S. course is preparing you thoroughly —at your
own pace—for an exciting new career. |.C.S. Radio-
TV-Electronics courses make electronic fundamentals
clear, easy to follow. You get personalized guidance
from people who know—and can tell you—what it
takes to succeed along every step of the way.

The 1.C.S. method makes it possible to learn
while you earn. You study at home — in your spare
time. Everything you learn is practical, usahle. Your
mastery of Radio-TV-Electronics assures you of top

For Real Job Security—Get an 1.C.S. Diploma!

I.C.S., Scranton 15, Penna.

pay and real job security in one of today's fastest
growing fields.

So if you would like to break into Radio-TV-Elec-
tronics — your first step is to send for your FREE
.C.S. Career Kit. There’s no obligation ... and there’s
a whoie new future to gain.

Send coupon below for your
trﬁ I.C.S. Career Kit!

D *How to Succeed” career guide

ELEC
‘Career Catalog” of job oppor- ¢ JAD,:,:":"‘: /
[ tunities In your field of interest , | ['
el
‘Sample Lesson" {math) to dem- 3 ou 'v
onstrate the famous 1.C.S. method ..r’

Accredited Member,
National Home Study Councl

Box E1549F, Scranton, Penna. 18515

Name Age.
Cy - Zone.
Occupation_ —

State.

treal, Canada

In Hawaii reply P.0. Box 418, Honolulu

RADIO ! BUSINESS ! ELECTRICAL

1 [ Cost Accounting | Electrical E {
TELEVISION ! O Managing a Small Busingss | 8 Elgﬁ 'llic:gn r“rge'g::i'c?aon
ELECTRONICS s [J Purchasing Agent H 8 Slec Lighé and Power

] 1 actical Electrician
O General Electronics Tech. | DRA F‘_rl NG ) i Professionat E:gilneer (Elea)
[ Industrial Electronics : O Etectrical Drafting ‘. LEADERSHIP
[ Practical Radio-TVEng'r’g | HIGH SCHOOL t [ industrial Foremanship
3 Practical Telephon I [ High Schoo! Diploma 1 [ Industrial Supervision

prony. ! [J Geod English ! [ Personnel-Labor Relations
. . - i

O Radio-TV Servicing : DO High School Mathematics : ) Supervision

Home Address. -

Canadian residenls send coupon to International Correspondence Schoals, Canadian, Ltd., Mon-

(Partial list of courses)
Without cost or obligation, send me “How to Succeed” and the opportunity booklet about the field BEFORE which | have marked X (plus sample lesson):

AM. 0 P.M

Working Hours

Special low monthly tultion rates to members of the U. S. Armed Forces,

ELEMENTARY ELECTRONICS



A RADIO-TV EXPERIMENTER
SEMIANNUAL HANDBOOK

29
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67
11
81
91
101
109

. ELEMENTARY

ELECTRONIGS

&
1%
summer, 1964
working with electronic tools and parts
basic electricity
introduction to vacuum tube theory
dry cells and batteries
basic test equipment
L [
getting started in amateur radio 5

getting started in CB radio

putting together a hi-fi system

how to service home entertainment equipment

construction projects
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Use new improved Model 163

FOR REPAIRING ALL
ELECTRICAL APPLIANCES

E)
u%,““"‘“*/«zb
»

lkzm\nc APPLIANCE TESTER

Tt 0o

ohms.

The Model 163

Will measure the current consumption of any
home electrical appliance without the necessity of
breaking any of the wires and while the unit is in
operation. You simply insert the plug of the appli-
ance into a special socket on the front panel of Model
163, p'ug the line cord of the Mode! 163 into the
electric line outtet, and read the current consump-
tion in amperes direct on the meter. This is a feature
not included in many ampere testers selling from
$25.00 to $100.00.
Testing TV tubes with Model 163

Please note Model 163 will not test the quality
of the tube (an emission tester is required for that
purpose) but Model 163 will test all tubes used in
your TV set, including picture tubes, for open fila-
ments, burned out tubes, etc.
Testing electric lines and outlets

The Model 163 will measure the voltage of any
electrical line, outlet or socket. Most lines vary be-
tween 110 volts and 125 volts depending upon
power line load. Some lines are 220 volts (actually
vary between 208 volts and 240 volts). Model 163
will accurately measure all such lines. A.C. or D.C.
Motors

The model 163 will test all motors—single
phase, multi-phase, universal, squirrel cage. induc.
tion; in fact every type from fractional H.P. to 2 H.P.

S 1\\\ INCLUDING Toasters, Irons,
< 2.2 ) Broilers, Heating Pads, Clocks,

Sece” o || Fans, Vacuum Cleaners, Refrigerators,
| Switches, Thermostats, etc.

CHECK ALL ELECTRIC LINES
TEST ALL TV TUBES

The Model 163

Measures A.C. and D.C. voltages, 0 to 300 volts; A.C. and
D.C. current, O to 15 amperes; indicates continuity to 100,000

The ranges specified above are sufficient to test all Home
Appliances without exception and the vast majority of Industrial
Appliances and Utilities.

Meter movement

The Model 163 employs a rugged, accurate,
highly damped meter movement with sealed air-
damping chamber. Because the meter is of the A.C.
type, rectification of current is not required, greatly
reducing the possibility of ever damaging the meter
or its associated components.
Test leads

Model 163 includes both a prod type lead and

an alligator clip lead allowing maximum flexibility.

Operating procedure book

The 36-page manual provided with Model 163
is practically a condensed course in electricity. In
addition to detailed step-by-step procedure for using
Model 163. the manual explains in easy-to-under-
stand language what electricity is, discusses current
voltage and wattage, and includes many, many
simplified explanations usually included only in
costly correspondence courses.

Guarantee
Model 163 is guaranteed for one year.

Model 163 comes complete
with all test leads and
operating instructional A
manual. Ready to use. Only........

SEND NO MONEY WITH ORDER

PAY POSTMAN NOTHING ON DELIVERY

necessary.

ELEMENTARY ELECTRONICS

Try it for 10 days beforeyoubuy. |~ T TmTTTTTTT T e
g ys before you buy. I, ccURATE INSTRUMENT €O., INC. 1
If completely satisfied then send | 00700 g e St Bronk 59, N. Y l
$3.00 and pay the balance at th.e = Please rush me one Model 163. If satisfactory | agree to pay $3.00 :
rate of $3.00 per month until | within 10 da;y;gaar;d balance |atprpa|e of tf:«}.oo per mo)nth until |
. total price o A {plus small and budget charge) is paid.
the lllo::'P p"c: gf d$9-'85h(pluj | If not satisfactory, | may return for cancellation of account. |
sma .P. an udget charge) | I
= . - Name = — . —
is paid. If not completely satis- | Ad: |
fied, return to us, no explanation | ress - - i
| City Zone______State_______ |




NO MATTER WHAT YOUR JOB IS TODAY

J There's BIG MONEY to be §
§ Made In COLOR TELEVISION!

DUE TO SHORTAGE OF TRAINED MEN

o Get into fast-growing field! Learn
}J\l -4
"i Qa.'h_

COLOR TV servicing at home in spare
(:

time. Many earn cash while training!
Move ahead to a better job, a business
of your own'!

B

Get 20 Valuable Kits to Build 21"
TV Set and Test Instruments!

Become expert the fast, casy way . . . by working
on actual TV problems. Your training includes
20 valuable kits of parts and tools, yours to keep.
Build a complete 21”7 TV set, tube tester, and elec-
tronic voltmeter as part of your training.

g e
CEaaEaae

HERE'S HOW TO GET STARTED
MAIL COUPON TODAY FOR

FREE BOOKLET!

i

[}

1

I Commercial
) Trades Institute
| 1400 Greenleat Ave., Chicage, llinais 60626

| Dept. T-18
I Rush my FREE booklet {without cost or obligotion) on C.T.I.
I training for job opportunities in television-electronics—includ
: ing COLOR TV servicing.

[}

!

[}

1

|

NAME

ADDRESS.

CITY. ZONE STATE
L—- Accredited Member National Home Study Council ==

1

)
L LU
)
024 6J5 7AS | 12AU7
1a7 6aQs | 6J6 747 12AX7
183 | 6aua K6 786 12846
1HS 6AUG SAT 788 12BE6
1%3 6AVS sc7 | 7¢s 12BH7
1Le 6AV6 SF7 | 7€6 128Y7
1W5 | 6Aws | 65G7 | 7F7 12¢5
1RS 6aAx4a 65H7 | 7Q7 12€as
15§ 6BA6 $)7 | 7Ya 12L6
1u4 68CS5 SK7Y BAwWSR }2227
1X2 | 6BE6
2cWa | eshe FREE RCA \Zsch.
54 BK7
TP RIR I CHEATER CORD IEvHIN
38ze | 6enNe RAOUNITTS] 12W6
3076 | 6eqs M 18FY6
3va 68Q6 1BFX6
48Q7 6BQ7 [ 22D0€4
SATB | 6Ca SL? | BCGZ | 25L6
516 6CB6 SN7 | 9AUT7_ | 2526
sUa 6CD6 $Q7 | 10DE7 | 3207
5Y3 6CG7 us 11CY7 | Soas
6Aa7 6Cm7 | 6u8 32406 | 2o0o
6AB4 | 6CYS ve 12AF6 C
6AC? | 6DA4 wa 12AT so0Lé
6AF4 | 6DEG w6 12ave | 13707
AG5  6DK6 | 6Xa 12aX4 | 11773
6006
e9ss | 25¢ SPECIAL

NO fimit on this list
Order any quantity

1A4 | 26 S8

184 7 71A
1BS as 75

1J6 39744 | 76

6C6 43 77
606 | a7 84 /6Z4
24a 56 85
252557

TERMS: lree PPostage
5 A vepnid

Us
Add 5H0¢ for handling on
orders under $ Send
2507 deposrit on COD orders

pro postage  on

fore rs .
refunded In 5 days
it_not comptetely satisfied
Tubes are new. wsod oF sef
onds are x0 marhed
Send for specia) details on seif-se.v-
ice tube testers and CRT prices

NATION WIDE TUBE CO.

1-YEAR
GUARANTEE
DN‘ ALL TUBES
lnmvldually boxey
CDDE Dar
BRANDEDED

Dept. EE-64, 406 Harrison Ave., Harrison, N. J., HU 4-9848
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Exclusive with RCA cee

new,faster, easier way
toward a career
in electronics

EXCLUSIVE WITH RCA. ““AUTOTEXT", developed by RCA and
introduced by RCA Institutes, Inc. is a system of programmed
instruction, a method of learning proved with thousands of
students. This beginning course in electronics is accurately
planned so that as you read a series of statements, questions,
and answers, you fearn almost without realiZing it. It's fast!
it’s easy! It's fun!

BEGIN NOW WITH RCA "AUTOTEXT". Now you can start your
home training the amazing new RCA “AUTOTEXT™ way. And,
you get a complete set of theory lessons, service practice
lessons, experiment lessons, and all the kits you need. Because
"AUTOTEXT" has been designed to help you master the funda-
mentals of electronics more quickly, more easily—almost auto-
matically — you'll be ready to go on to advanced training in
electronics sooner than you ever thought possible.

STUDENT PROVED. Prove it to yourself as others throughout
the country are now doing. An interest or inclination in elec-
tronics is all you need. RCA “AUTOTEXT" helps you to do the
rest. The future is unlimited. The jobs are available! The im-
portant thing is to get started now,

FREE OFFER!

we'll send you complete information on amazing new
RCA “AUTOTEXT”, along with a free sample of a
home tralning lesson in Electronics Fundamentals to
prove to you how easy it is to fearn this new way
Check Electronics Fundamentals and information will
be rushed to you.

Classroom Training Available in New York City,
and Cherry Hill (near Camden) New Jersey.

Check “Classroom Training"” and we will rush information.

RCA INSTITUTES, INC., oept. er60

A Service of Radio Corporation of Amecica 350 West 4th St., New York 14, N. Y.
The Most Trusted Name in Electronics
®

ELEMENTARY ELECTRONICS

Complete Selection of Home Training Courses.

® Electronics Fundamentals @ Drafting

(also available in Spanish) ® Computer Programming

® TV Servicing @ Automation Electronics

® Color TV ® Industrial Electronics

® Transistors Automatic Controls

® Communications Electronics Industrial Applications
® FCC License Preparation Nuclear Instrumentation
©® Mobile Communications Digital Techniques

All RCA Institutes Home Training Courses are complete step by
step easy-to-understand units. You get prime quality equipment
in the kits furnished to you to keep and use ¢n the job. In addition,
RCA's liberal tuition plan affords you the most economical pos-
sible method of home study training. You pay for lessons only as
you order them. If you should wish to interrupt your training for
any reason, you do not owe one cent. Licensed by the N.Y. State
Department of Education. Approved for Veterans.

[ m——m—

RCA Institutes, Inc. Dept. EA-64

| 350 West 4th St., New York, N.Y. 10014 |
| Please rush me FREE illustrated book with information|
| checked below. No obligation. No salesman will cail. l

l Electronics Fundamentals

] Other Home Training (choice of courses)
| Classroom Training (choice of city)

| Name Age
I Address
City. Zone State

| CANADIANS: Take advantage of these samo RCA Institutes Courses at no
additional cost. No postage, no customs, no delay. Fill out coupon and sendl
in envelope to' RCA Victor Ltd., 5581 Royalmount Ave., Montreal 9, Quebec



LAFAYETTE EADID ELECTRONICS
Y ILALL-TRANSISTOR WALKIE-TALKIE

Ideal for Short-Remge Communications

® Great Fun for Kids too—At a Price
Even They Can Afford

® Complete with Built-in Antenna,
Transmit Crystal, Battery, Plastic
Carrying Case @ Imported

1095 each A

21.00
HA-T0L

FREE! NEW 1964
LAFAYETTE CATALOG NO. 640

422 Giant-Sized Pages

Marl the coupon for your FREE catalog!
LAFAYETTE Radio ELECTRONICS

Dept. DEE-4. PQ Box 10
Syosset, L. I, N.Y. 11791

ask me
another

By Leo G. Sands

Elementary Electronics brings the know-how of an
eleztronics expert to its readers. Leo G. Sands,
columnist for Radio-TV Experimenter, will be
- happy to answer your question. Just type or print
your unsolved problem on the back of a 4¢ postal
card andsend itto " Ask Me Another,” Elementary
Electronics, 505 Park Avenue, New York, New
York 10022. Leo will try to answer all your ques-
tions in the available space in up coming issues of
Radio-TV Experimenter or a future edition of
Elementary Electronics. Sorry, Leo will be unable
to answer your questions by mail.

l

]

!

1 CJ Rush my free 1964 Lafayette Catalog

I [JSend me HA-70 Walkie-Talkies, smppmg charges
: collect. | am enclosing $
[}
[}
[}
[}
[}

City State Zip No.

GET A BRITISH DEGREE! '

Divinity, Philosophy, Radionics, Homoeopathy,

Hypnosis, Botanic Medicine, Biochemistry, Psy-
chotherapy, Massage, Music. 35 courses, pros-
pectus free.

Brantridge Forest School, Balcombe, Sussex, England

Question: I notice that most experts have a
very high opinion of acoustic suspension
speakers like the AR and KLH; but they
sound dull and dry to me as compared with

several others. [ really favor another speaker
but on the other hand I don’t like to go
against the judgment of so many people who
ought to know. What do you say?

E. G, Aiken, S. C.

Answer: The obvious answer is to go ahecad
and buy the specaker you like and the devil
take the experts; after all it’s you, not they,
who's going to be listening to it.

On the other hand, there is this to be said
for the experts—a lot of the best things in
life take getting used to—like very-dry, very-
pale sherry, caviar, camembert checse, yen-
idge tobacco, and black-eyed peas, not to
mention snails, whether French or Chinese,
and abstract art. The tastes of experts and
connoisscurs are always more highly devel-
oped and sophisticated than those of the new-
comer to any field. Specifically, in the case
of speakers. the expert usually listens for
sharp definition and the ability to reproduce
the finest detail of music. The dullness and
dryness you mention is evidence of a fine
transient response which reveals the fine de-
tail. On the other hand the brightness you
like evidences some hangover which, though

it may produce a liver, more reverberant and
Sth & Kostner Aves .
Chicago, IIl., 60624 possibly even a more pleasant sound, tends

B N A T T R Rl | to obscure the finer details of music.

6 SUMMER 1964

Hallicrafters
performance standards
for just 39995

-
CB 7 six-channel CB transceiver

® New all-electronic push-to-talk circuitry.
m Compact new size—just 12”7 x 57 x 77

m Nothing else to buy—110v. AC or 12V, DC
operation.

m Accessories available: S-meter; Noise Elim-
inator; Receiver Tuning; Encoder/Decoder.

m 100% modulation, sensitivity 1 uv.

hallicratters

Write for complete
specifications today!



‘Men 1755

JOB OPPORTUNITIES!
EXCITEMENT!
MONEY !

All this
can bhe
Yours as a trained

Electronics

TECHNICIAN

OVER 6,000 FIRMS HAVE EMPLOYED
DeVRY TECH GRADUATES!

Thousands of companies in the United States and Canada who
have employed DeVry Tech men prove two most important facts:
(1) Electronics is one of the biggest, fastest growing opportunity
fields of our time; and {2) DeVry Tech graduates are "WANTED"

MEN.
Whether DeVry Tech prepares you in spare time at home or in its
modern Chicago or Toronto Laboratories, your training is designed

Let DeVry help you to
prepare and
blueprint a
Solid Career

in this fast-
e Growing Field!

COMPUTERS
to get you ready to meet the exacting standards of industry. You get 4
practical training that not only helps to fit you for a Job or a service S
shop of your own — but also gives you a foundation for a career that ! y 1
can be profitable the rest of your Iife. b
You work over 300 learn-by-doing experiments at home, using DeVry i
Tech's exclusive Electro-Lab method. You build and KEEP valuable equip- Mk
ment. With another DeVry Tech exclusive, you have the benefit of training MICRO-WAVES

movies that you can show over and over again until basic points are crystal
clear. Special texts guide you every step of the way as well.

HOW DeVRY TECH CAN “BLUEPRINT” YOUR CAREER!
DeVry's faculty not only know how to teach Electronics. but they also under-
stand men. They most likely know the type of problems you face. From this staff
you get help, advice and understanding. It is this “human” side of DeVry's
program that has caused many of our graduates to say: “DeVry Tech not only
trains you for a job, they actually help you blueprint 2 profitable future!’ =

NO ADVANCED EDUCATION NEEDED!
Why don‘t you write for FREE FACTS today? Learn how you TOO can be a
member of the great fraternity of OeVry Tech graduates across the conti-
nent . . . men who were properly trained, encouraged, appreciated and
understood! SEND IN COUPON NOW!
EFFECTIVE EMPLOYMENT SERVICE
DeVry Tech’s effective Employment Service is available to all graduates \U‘““@W _______
without additional cost. T_ \

2 FREE BOOKLETS! L e Saial, Ygit, BEn1D
Send Coupon Today!

RADAR

BROADCASTING

Please give me your two free booklets, "Pocket Guide to Real Earn-
ings'’ and “Electronics in Space Travel”; also include details on how
to prepare for a career in Electronics. | am interested in the following
opportunity fields (Check one or more):

""One of North America’s Foremos! Electronics Troining Centers”” Space & Mmissile Electronics Commuhications
Television and Radio Computers
8]
O

{1 Microwaves Broadcasting

|
|
|
Vr TECHNICAL | [ St cucvonse e e
INSTITUTE | ©n f

Address = e

= Apt—

Accredited Mamber of National Home Study Council City. . Zone—___State.

CHICAGO ® TORONTO [0 Check here if you are under 16 vears of age.
Canadian residents: Write Devry Tech of Canada, Ltd.

2075-A 970 Lawrence Avenue West, Toronto 19, Ontario
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BECOME A RADIO

Build 20 Radio and Electronic
Circuits at Home

ALL GUARANTEED TO WORK! .

YOU DON'T HAVE TO SPEND | SERVICING LESSONS |
HUNDREDS OF DOLLARS FOR A RADIO COURSE

You will learn trouble-shooting and u-ntrllc-
Ing in a progressive manner. You I practice
The ‘‘Edu-Kit’" oHers you an outstanding PRACTICAL HOME RADIO COURSE at a repairs on the sets that you construct. You ol
rock-bottom price. Qur Kit is de gred to train Radio & Electronics Techniclans, making will learn symptoms and causes of trouble in
use of the most modern methods of home training. You will learn radlo theory, construc- home. pPartable and car radios. You will learn
n practice and servicing. THIS (S A COMPLETE RAD|O COURSE | EVERY DETAIL. how to use the professional Signal Tracer,
You will fearn how to build radios, using regular schématics; how to wire and solder tne unique Signal Injector and the dynamic
in a professional manner: how to service radios. You will work with the standard type of o T e 5 N TTET
punched metal chassis as well as the latest development of Printed Circult chassis. iy & SmSgevics [Telar ey fan Be
You will fearn the basic principles of radio. You will construct, study and work with learning llo thisi practicall way, [yoh will Jbe
RF and AF amplifiers and oscillators, detectors, rectifiers, test equipment. You will learn able to do many a repair job for your friends
and practice code, using the Progressive Code Osclilator. You wlll learn and practice and neighbors, and charge fees which wlll far
trouble-shooting, using the Progressive Signal Tracer, Progressive Signal Injector, Progres- exceed the price of the *“'Edu-Kit.’”” Qur Con-
ll'-‘::mlz{lr;a“v:‘lcmg:dmls Electronics Tester. Square Wave Generator and the accompanying sultation Service wlll help you with any
erial,
You wlli receive trai an and General Classes of F.C.C. Radio tEctmioul pyeblamsivelll mayingve:
Amateur Licenses 1 mitter, Square Wave Generator. Code J. Statait of 25 Poptar Pi., waterbury,
Oscillator, i J and n_how to oPerate them. You Conn., e "l have repaired several sets
will receive an excellent background for television, HI.FI and Electronic: for my friends, and made money. The *"'Edu-
Absolutely no previous knowledge of tadio or tence 18 required. The Edu-’Kil is the Kit'' paid for itself, | was ready to spend
product of many years of teaching and engineering experience. The du-Kit"" will pro- £240 for a Course, but | found your ad and
vide you with a basic education In Electronics and Radio, worth many @s the complete sent for your Ki
price of $26.95. The Signal Tracer alone is worth more than the price of the entire Kit. .
q You do not need the sllihtest backqiound and backgrounds have successfully FROM
N radio or science. Whether you are inter- uged the Edu-Kit"”’_in more than 79 coun- 3
ested In Radio & Elcctronics because you tries of the worid. e chleras B jO; Foxp 20 R,
want an Interesting hobby, a well paying carefully designed, step by step, t $ e e ere W
business or a job with a future, you will find yOu cannot make a mistake. The *‘Edu-Kit'® sending you the questions and also the an-
o u-Kit"* a worth.-while investment. allows you to teach yourself at your own swers for them. | have been in Radio for
Many thousands of indsviduals of all rate. 0 instructor is necessary. the last seven years, but like to work with
P OG E lvE G D Radio Kits, and like to build Radio Testing
R R ss TEACH N METHO Eyuipment. 1| enjoyed every minute | worked
the Signal Tracer
The Progressive Radlo ““Edu-Kit'’ is the foremost educational radio kit In the world, Allgotikalto 1ty otk nowpthat
and is universally accepted as the standard in the field of electronics training. The ¢ teel proud of becoming a member of your
! 2" uses tho“mode‘mdodn‘.l':‘;aticnnl P "Clpl‘e olbl‘Ltam‘ by Dolulng.“ Therefore you construct Radio-TV Ciub."”
earn schematics, study eory, practice trouble-shooting—all in a closely inteyrated pro 0 N 5 3
Uram designed £0 Provide an asily-learncd, thoroush and interest ng background in radio. .,,:,::":NL vih.“'!-nl.:::hg’“f"r:m:v;,'o:“':,‘u
You begin hv eXamining the various radio parts of the ‘Edu-Kit:'* You thon learn the R lineh 0 By shet & redbrin Chr
function, thecory and wiring of these parts. Then you build a mimple radio. With th t W tew 1ing3 0y recaivagiimy o . Kits
set you ‘will enjoy listening to requiar broadcast” stations, learn theory, practice testing and was really amazed that such a bargain can
and trouble-shooting. Then you build a mare advanced radio, learn more advanced theory be had at such a low price. | have already
and technique: Gradually, 1n a progressive manner, and at your own rate, you will started repairing radios and phonographs. My
find yourself constructing ‘more advanced muitl-tube radio circuits, and doing work like a friends were really surprised to see me get
professional Radio Technmician. into the swing of it so qulckly. The Trouble-
Included | the ‘‘Edu-Kit course are Receiver, Transmitter, Code Oscillator, shooting Tester that comes with the Kit is
tor and Signal Injector circuits. Thesc are not unprofes- 1] ] d finds the troubl ¢ ther
experiments, but genuine radio circuits, constructed by means of o st A LC UL SRS e e e
rofessional wifing and soldering on metal cha: plus, the new method of radio construc. Is any to be found.
on kr;nwn as ‘'‘Printed Circultry These circuits operate on your regular AC or DC house
Current.
THE “EDU-KIT" IS COMPLETE L EMER: CREUITRY.
; m "
You will receive all parts and instructions necessary to build 20 ditferent radio and elec- Atino - inceensetin Brices the, (Edu it
tronics circu each guaranteed to oPerate. Our Kits contain tubes, tube sockete, varl. now induces Printed Circuitry. You
:b:' :legc"?.l,{;.'cé mipc“a“.c;.:;.]mic'ayl\dcn:‘ap;; dle'lec:rlcc‘c.m:‘deplsen.Iru ':m::, tie strips, cloil-_ build a Printed Circuit Signal Injector, .
ardware, ng. meta assis, lnstructio anuals, ook-up wire, solder, . i
selenium rectifiers. volume controls and switches, etc. ’ ’ @ unique serving instrument that can
In addition, you receive Printed Circuit materials, Including Printed Circuit chassls, detect many Radio and TV troubies. This
L] ial tube sockets, hardware and instructions. You also receive a useful set of tools, a revolutionary new technique of radio con-
professional electric soldering 'ron, and a self-powered pynamic Radio and Electronics 5 2 . B
Tester. The ""Edu- also includes Code Instructions and the Progressive Code Oscillator, struction is now becoming popular in com- o

in I.md.lion to F cl.c -tyne'Qurstlon- and Answers for i mercial radio and TV sets.

will also receive lessons for serviCin s i t M T = 3

sive Signal injector, i i i A Prlntef! CI'tlllt. is a special insu-

Radio-Tv Club, Free C al Certificate of Merit and Discount Privileges. lated chassis on which has been depos-

You reccive all parts, tools, Instructions, etc. Everything is yours to keep. ited a conducting material which takes
the place of wiring. The various parts
are merely plugged in and soldered to

terminals.

Printed Circuitry is the basis of mod-
ern Automation Electronics. A knowl-
edie of this subject is 2 necessity today

L for anyone interested in Electronics.

ORDER DIRECT FROM AD .. .. USE COUPON ON NEXT PAGE

REGEIVE FREE BONUS RESISTOR AND CONDENSER KITS
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TECHNICIAN for only *26°°

THE NEW IMPROVED DELUXE

Progressive
Radio “Edu-Kit”

IS now ready

NOW INCLUDES PRACTICAL only

12 RECEIVERS —
3 TRANSMITTERS 95
0. WAVE GENERATOR JAASAAl $: !6 TRAINING ELECTRONICS

Reg. U.S.
Pat. OH.

AMPLIFIER TECHNICIANS SINCE 1946
SIGNAL TRACER RAD|O

SIGNAL INJECTOR COURSE

CODE OSCILLATOR

* % % % % % %

SCHOOL INQUIRIES INVITED

EXTRAS

SET OF ToOLS

SOLDERING IRDN
ELECTRONICS TESTER
PLIERS-CUTTERS

ALIGNMENT TOOL

WRENCH SET

VALUABLE 0!1SCOUNT CARD
CERTIFICATE OF MERIT
TESTER INSTRUCTION MANUAL

Unconditional Money-Back Guarantee

The Progressive Radio “Edu-Kit'" has been sold to many thou-
sands of individuals, schools and organizations, public and private,
throughout the world. It is recognized internationally as the ideal
radio course.

By popular demand, the Progressive Radio **Edu-Kit'" is now
available in Spanish as well as English.

It is understood and agreed that should the Progressive Radio
“Edu-Kit' be returned to Progressive “Edu-Kits' Inc. for any rea-

son whatever, the purchase price will be refunded in full, without
quibble or question. and without delay. ' HIGH FIDELITY GUIDE + QUIZZES

The high recognition which Progressive *“‘Edu-Kits’" Inc. has TELEVISION BOOK + RADIO
earned through its many years of service to the publlc is due to TROUBLE-SHOOTING BOOK
its unconditional insistence upon the maintenance of perfect engi-
neering, the highest instructional standards, and 100 % adherence MEMBERSHIP IN RADIO-TV CLUB:
to its Unconditional Money-Back Guarantee. As a result, we do not CONSULTATION SERVICE + FCC
have a single dissatistied customer throughout the entire world. AMATEUR LICENSE TRAINING

PRINTED CIRCUITRY

@au Will Find Thai The /)aac;aeuiae
Radia “Edu-Kit" Ii Perfect

FOR anyone who wishes to learn more about radio construction, theory and servicing.
FOR anyone who is looking for an
interesting hobby.

* * * FOR anyone who would like to
learn radio but does not have
time to attend regular school

hours.

FOR anyone who wants to start

§tgdylng for a high-paying radio

job.

FOR anyone who wishes to start 3 ... ...................

in Television.
PROGRESSIVE "EDU-KITS" INC.

wo H s7.oo 1186 Broadway, Dept. 502DJ, Hewlett, N, Y.

] Send “Edu-Kit" postpaid. | enclose full payment of $26.95.
] Send “Edu-Kit'' C.0.D. | will pay $26.95 plus postage.
[J Rush me FREE descriptive literature concerning “Edu-Kit."”

Name

Address

w
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ask me another

Your choice should be based not so much
on the word of experts or your own off-the-
cuff judgment or preference. but on how you
want to enjoy the music or sound that comes
from the hi-fi. If you want the maximum
detail, choose as the experts choose because
that's their criterion: but if your interest in
music is casual. or more emotional than ana-
lytical, choose the speaker that sounds best
and produces the highest emotional appeal
to you. But remember, you too may like
caviar, camembert, or black-eyed peas if you
permit yourself to acquire a taste for them.

Question: During a recent snow storm radio
reception was interrupted by snow on the an-
tenna. which caused the radio to sound like
continuous bolts of lightning and it stopped
when the snow stopped. Can you tell me why
this occurred?

JS, Albion, Mich.
Answer: This phenomenon is a case of pre-
cipitation siatic. It also occurs sometimes
during a rain storm. Apparently the flakes
of snow or drops of rain originate in a cloud
heavily charged with static electricity and
carry a corsiderable charge with them. When
the snow flakes or rain drops reach an an-
tenna system that is grounded, the charge is
discharged through a short arc between flake
and antenna. Thus hundreds of miniature
lightning bolts occur and produce the inter-
ference you noted.

Question: What are the highest paid jobs in
the field of electronics?

JW, Woodbury, Conn.
Answer: The Chief Engineer of a sizeable
electronic company can comimand between
$15,000 and 25,000. Graduate engineers of
proven ability can expect to earn $12,000 to
15,000. Technicians without engineering
degrees but outstanding ability can earn as
much as $10,000 to 12,000.

Question: I'm getting severe interference in
my shortwave radio from fluorescent light
—at least, the interference stops when I put
the light out. Can I do something about this?

RS, Hamburg, N. Y.
Answer: The simplest and most effective so-
lution is to keep the fluorescent lights off

when you’re doing serious listening on the
radio. While it is possible to “filter” out this
type of interference, it can be very stubborn
and may require pretty elaborate measures,
and may not be fully effective even then.

Question: What is a “trap antenna” and how
does it work?

EK, Wichita, Kansas
Answer: Antennas are most efficient when
they are resonant at the operating frequency.
A dipole, for example, is several times more
efficient at the frequency at which its length
is equai to a half-waveiength, than at other
frequencies. If we want to have equal effi-
ciency at several different frequencies we
really need to have several dipoles of differ-
ent lengths; and, in the past, it was common
to combine two dipoles of different lengths to
make a “double doublet™ or several dipoles
to make a “multiple dipole” or “spiderweb”
antenna.

A few years ago a clever method was de-
veloped by which a single dipole antenna
could, in effect, look like two or more di-
poles of difterent length to incoming signals.
For example, in Fig. | we have in a dipole
about 75 feet long tuned to the 6 mc. or 49-
meter short-wave band. We would like to
cover the 9.5 mc. or 31-meter band. This
would take a dipole about 48 feet long. We

b—37'6"—e b 37'6"—
— k-
Fig. 1 LEAD IN GUY WIRE
p-2a— 24—

{5 i
Fig. 2 \ (

can make the 75-foot dipole look like 48
feet to a 9.5 signal by cutting it at points 24
feet on each side of center and inserting
parallel tuned coil-capacitor tanks tuned to
resonance at 9.5 mc. at these points, as is
shown in Fig. 2. A parallel-tuned circuit pre-
sents an extremely high impedance to any
signal whose frequency is the same as the
resonant frequency of the tuned circuit. In
fact, the tuned circuit or “trap” looks very
much like an insulator at 9.5 mc., and hence
the antenna seems only 48 ft. long and is
therefore resonant at 9.5 mc. The trap is
virtually a short circuit at 6 mc. and there-
fore does not affect the performance in the
49-meter band. We can shorten the antenna
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Learn ELECTRONICS in Classrooms and Labs
of OYNE EECTONICS INSTITUTE /)

® . il Now is the tiine to train for a top- \
@ pay job in electronics. When you
train at Coyne, you work on the same
type of equipment you will work on outside in
industry. You will be getting your training at one
of the largest and best equipped schools in the
country. During the past 65 years, we have put
thousands of ambitious men on the road to
» T ) i security and personal independence in the fast-
y ] . 3 growing field of Electronics. No previous experi-

. -f:t - l 4 e ence needed. No advanced education required.

ELECTRICITY- ELECTRONICS: Motors, Generators, Computer START NOW—PAY LATER. Liberal Finance and
Circuitry, Appliances, Automatic Electronic Control Units, Payment Plans. Part-time employment help for
Refrigeration and Air Conditioning students. Mail coupon now for FREE copy of
A “Your Opportunities in Electronics.”” No sales-
man will visit. Send coupon, postcard or letter
right away . . . before you forget. "

MAIL COUPON 200Riss sciow

COYNE ELECTRONICS INSTITUTE®
Oept, B4-w
1501 W. Congress Pkwy., Chicago, 111. 60607

Name._ —-
Address.

.

TELEVISION-ELECTRONICS: TV Receivers—Black and White
and Color AM-FM and Auto Radios, Transistors, Printed Circuits

Test Equipment, Closed Circuit TV.

City
Age

Stat —
Phon.

*Chartered as an Educational Institution Not tor Protit

Trainjng in
e AT HOME

—PLUS Two Weeks Personal Training in our Chicago

Shop-Labs—FREE of any extra Tuition!

Coyne—and only Coyne—can make you
such a sensational offer. No increase in
cost of home training, but as soon as you
graduate you are qualified to spend two
weeks in Chicago, working on actual proj-
ects, getting personal instruction—with-
out one cent of extra tuition. Like getting
a post-graduate course free. This offer
may be withdrawn at any time, but those
whoinquire about Coyne’s home training
now will be guaranteed two weeks of shop
trainicg at Coyne’s expense for resident
tuition. Send name for FREE BOOK.

Now, you can quit wishing you had a
profitable Radio-TV Service Business of
your own. Now, you can quit dreaming
about a big pay job in Television—and
do something to make your dreams come
true. Start your hasic training at home in
spare time. We train you todo the work, |
and show you how to get the work to do
—even while you are learning. Nocostly
“put together” kits to pay for. Lowest
tuition—low monthly payments. Free l
employment service to graduates. Send |
name for all facts. No salesman will call. |

Send Name for
FREE BOOK. No

salesman will call

COYNE ELECTRONICS INSTITUTE I
HOME TRAINING DIVISIDN, Dept. B4-H4
1501 W, Congress, Chicago 60607

Please mail free book and offer of two weeks
personal training in Chicago without extra I
tuition for home study graduates. Explaln
low monthly payments. I

I l Founded 1899 COYNE l e
!I"I!IE ELECTRONICS |
= Address.
The largest, oldest, IN STlT UTE |
best squipped resident schaal Chartered as an Educational Institution Not For Profit | City &
of its kind. 1501 West Congress Parkway, Dept. B4-H4 Chicago 60607 | State
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ask me another

to around 31 feet to make it resonant in the
19-meter band by inserting another pair of
traps resonant at 19-meters about 15.5 fi. on
each side of the dipole center; and additional
traps can be inserted at other intervals to
cover any desired combination of bands.

Because they reduce the number of an-
tennas needed, trap antennas have become
very popular in amateur radio. Even Yagi
beam antennas have been adapted for two
or three band service by the use of “traps.”
Trap antennas are available also to cover
the wvarious short-wave broadcast bands.
While trap antennas are not quite as good as
individual antennas would be, they do pro-
vide high efficiency economically.

Question: Are the surplus crystals that sell
for 50 cents any good?

JE, Perry, Okla.
Answer: | have bought dozens and found
them all active. If the frequency is useful
to you, or you can grind or etch them, to a
useful frequency, they are a good buy.

Question: Most of the radio stations in Cleve-
land have their transmitters from 3 to 6 miles
from my home, and they come in so power-
fully and seo broadly on my IIl-transistor
Japanese radio that it is next to impossible to
hear out of town stations. My radio dealer
tells me that the only sure way of getting
other stations is to move to some town farther
away from the transmitters. Have you any
idea what I can do without moving?

RJG, Parma, Ohio.
Answer: He’s right about moving being the
only sure way, especially if you're determined
to keep the transistor radio. Close proximity
to high powered transmitters raises problems
with any receiver, but transistor types usual-
ly are much more troubled than old-tash-
ioned tube types. On the other hand, the
S-tube AC-DC type radio isn’t likely to im-
prove matters much. The only hope I can
offer is to try a first class general coverage
communications receiver by Hammariung,
Hallicrafters or National. Some of the older
models, 5, 10 or 15 years old can be bought
for between 50 and 100 dollars reconditioned
from distributors who specialize in selling
amateur equipment.

Question: How can 1 change a broadcast-
band radio so it will tune to 500 kc.?

CY, Huntington, W. Va,
Answer: Most BC radios can be moved down
to 500 kc. by adding between 50 and 75 pf
of capacitance across the RF and oscillator
tuning capacitors. The inexpensive 5 to 80
pf mica compression trimmers will do the
job. Of course this will mess up the tuning
and calibration, and cut out some stations on
the high end of the band. A neater way
would be to use a simple transistor converter
like the one I described in the Winter issue
of Rapio-TV EXPERIMENTER on page 31.
One of the very inexpensive BC604 crystals
in the range between 370 and 450 kc. could
be used. Pick a spot between 870 and 950
kc. where there is no broadcast station,
choose a crystal whose frequency when
added to 500 comes close to this.

Question: Some FNM stations we receive
come in sharp and clear but some come in
with considerable distortion. My serviceman
says it is the fault of the station; but when
I called up the station they said it was the
fault of my tuner. Which is it and what can
I do about it?

L.D.M.. Chicago, IIL
Answer: Probably both. In FM broadcast-
ing the higher the modulation (or loudness)
the greater the deviation and hence the
greater the bandwidth of the transmitted sig-
nal. If the receiver has a wide enough band-
pass to accept the wide deviation, there will
be no distortion; but if the receiver band-
pass is narrower than the deviation of the
signal, there will be distortion.

A deviation of 75 kc. is allowed for FM
broadcasting. Theoretically, the receiver
should have a bandpass of 250 kc. to receive
a fully modulated monophonic signal and
more for a stereo signal. Few tuners have
that wide a bandpass because it is difficult to
achieve it and at the same time obtain
cnough sensitivity and selectivity. Ordinarily
a bandpass of 175 to 200 kc. is wide enough
to provide an acceptably low level of distor-
tion because in the case of most stations,
particularly those transmitting *“good music”
type programs, the maximum deviation occurs
only on occasional peaks and at the very
highest frequencies only.

However, some stations, especially those
broadcasting pop type programs tend to push
their modulation very close to the limit a
very high percentage of the time by
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Do you WISH you
were EMPLOYED in

ELECTRONICS?

F.C.C. License — The Key to Better Jobs

An F.C.C. commereinl (not amateur) license is vour
ticket to higher pay and more interesting employment.
This license is Federal Government evidence of your
qualifications in electronics. Employers are eager to
hire licensed technicians.

Which License for Which Job?

The THIRD CLASS radiotelephone license is of value
primarily in that it qualifies you to take the second elass
examination. The scope of authority covered by a third
class license is extremely limited.

The SECOND CLASS radiotelephone license qualifies
you to install, maintain and operate most all radio-tele-
phone equipment cxcept commercial broadeast station
equipment.

The FIRST CILASS radio telephone license qualifies
you to install, maintain and operate every type of radio-
telephone equipment (except amateur) including all
radio and television stations in the United States, its
territories and possessions. This is the highest class of
radiotelephone license available.

Grantham Training Pre;)ares You

The Granthamn course covers the requirved subject
matter completely. Even though it is planned primarily

to lead divectly to a first class FCC license, it does this |

by TEACHING you electronics. Some of the subjects

covered in detail arve: Basic Electricity for Beginners, |

Basic Mathematics, Ohm's and Kirchhof’s Laws, Alter-
nating Current, Frequency and Wavelength, Inductance,
Capacitance, Impedance, Resoniance, Vacuum Tubes

Transistors, Basic Principles of Amplification, Classes |

of Amplifiers. Oscillators. Power Supplies, AM Trans-
niitters and Receivers, FM Transmitters and Receivers,
Antennas and Transmission Lines, Measuring Instru-
ments, FCC Rules and Regulations, and extensive theory
and mathematical caleulations associated with all the
above subjects explained simply and in detail.

Our Warranty
1f you should fail the F.C.C. exam after ﬁr!ishim:i)our

course, we give additional training at NO ADDI-
TIONAL COST. Read details in our free hooklet.

(G)cranTH:

FIVE CONVENIENT TRAINING DIVISIONS:

Los Angeles, Calif.

1505 N. Western Ave.. Los Angeles . Calif, 90027 10 77727

&

South Gate, Calif.

9320 Long Beach Bvd., South Gate, Catif, 90280 0073421

Seattle , Wash.

408 Marion Street, Seattle , Wash., 98104

MA 2.722

7

~N

Kansas City , Mo.
3123 Giltham Rd., Kansas City , Mo., 64109

JE1.6320

N

Washington, 0.C.
821 — 19th Street, NW, Washington, D.C., 20006

ST 33614 }

MAIL COUPON NOW...NO SALESMAN wILL CALL

ELEMENTARY ELECTRONICS

VLN

GET YOUR FIRST CLASS
COMMERCIAL

F.C.C. LICENSE
QUICKLY!

Learn by Correspondence or in Resident Classes
Grantham training is offered by correspondence or
resident classes. Kither way, we train you quickly and
thoroughly — teach you a preat deul of electronies and
prepare you to pass the F.C.C. exwmination for a first

class license. Get details now. Mail coupon below.

THIS 44 PAGE
BOOKLET

FREE!

This free booklet gives
details of our training
and explains what an
F.C.C.license can do for
your future. Send for
your topy today.

HERE'S PROOF that Grantham students prepare for
F.C.C. examinations in a minimum of time. Here is a
list of a few of our recent graduates, the class of license

A they got, and how long it took them:

License  Weeks
Robert ). Maickel, 520 Market St., Havre De Grace, Md. 1st 20

i James D. Neidermyer, RD. 1, Leola, Pa. . Ist 10
Denis Christopherson, 4402 Waite Lane_ Madison, Wisc.  1st 12
Guy C Dempsey. 1326 19th St., Washington, D.C 1st 12
Charles Bartchy, 1222 S. Park Ave., Canton 8, Ohio 1st 10
William 1. Brink, 12 Meade Ave., Babylon, L.1,, N.Y. . 1st 12
Earl ). Mahoney, Box 296, Newport, Vt m o ISt 12
Hall Blankenship, Route 2, Rockwood, Tenn ist 12
David Kaus, 5218 Canterbury Way S.E., Washington, D.C.  Ist 30
John A. Cork, 3535 N. Utah, Arlington 7, Va 1st 12
Charles Deitzel, 342 Walnut St., Columbia. Pa. . . Ist 8%

Norman Tiltey, Jr., 8613 Piney Branch, Silver Sprg, Md.  Ist 30

== ==m===mail in envelope or paste 0n postal €ald e e e = ===

To: GRANTHAM SCHOOL OF ELECTRONICS

NATIONAL HEADQUARTERS OFFICE
1505 N. WESTERN AVE., LOS ANGELES, CALIF., 90027

Please send me your FREE 44 page booklet telling how | can get my
commercial F.C.C. license quickly and can continue intd advanced
electronics it | wish. | understand thete is no obligation and no
salesman will call.

Name Age
(PLEASE PRINT)

Address . —_—

City

State —— — S — —e

| AM INTERESTED IN: (J HOME STUDY [JRESIDENT CLASSES EE-4
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ask me another

the use of compression and limiting amplifi-
ers. Hence, their average modulation level
tends to approach the maximum permissible
level and when the signal is received on the
typical tuner the result is distortion. Instead
of occurring merely on occasional momen-
tary peaks, distortion now occurs a very con-
siderable percentage of the time and is, of
course, very noticeable.

There are tuners capable of handling this
extreme type of modulation with a minimum
of distortion—notably the Dynatuner, the
Knight and Sherwood tuners with “dynamic
sideband regulation.” Actually, however, it
is very probable that even with these tuners
the reception will be distorted because many
of the pop records played by these stations
have inherently high distortion, and com-
pression and limiting are accompanied by a
certain amount of distortion. The best solu-
tion to the problem, then, is simply to tune
right past such stations and listen only to
those adhering to some approximation of
high fidelity standards.

Question: I am not happy with the reception
we are getting of multiplex stereo programs.
I notice that when the station plays the same
stereo records that I have in my collection,
the separation and quality are much inferior
than what I get when I play it on my hi-fi
system. I have tried several tuners but none
of them solves the problem. What can I do?

C.R., Toledo, Ohio
Answer: Wait patiently and when you want
the best stereo, use your own records.

Your experience is being duplicated all
over the country. The trouble is that many
stations have not yet solved all the problems
of stereo transmission. The MX system of
stereo depends vitally on maintaining the
original phase relationships between the two
channels of a stereo program. Unfortunately,
until MX arrived nobody paid any particular
attention to the phase characteristics of audio
equipment. Hence, some of the audio equip-
ment used by broadcast stations, which was
perfectly satisfactory for monophonic pro-
grams, presents problems in stereo programs.
Also, until MX arrived recordings were cut
and edited without considering phase rela-
tionships and hence possess phase differences

which seriously degrade separation when they
are broadcast even by a perfectly adjusted
transmitter and received on a perfect tuner.

These things are being corrected and, as
you have no doubt noted, some broadcast
stereo programs are very good indeed and
the general run of them is improving.

Nevertheless, it will probably remain true
that you can get better stereo reproduction
on your own hi-fi system than over the radio.
First, few stations use record play-back equip-
ment as good as that used in good hi-fi in-
stallations, largely because it is too delicate
and critical. Secondly, when you play rec-
ords directly you eliminate the distortion,
however slight it may be, which occurs in
the extra steps involved in passing the pro-
gram through the transmitter, over the air,
and through your tuner.

Question: 1 have just bought an expensive
new pick-up that is supposed to operate at
Y4 of a gram; but it just don't do it. It keeps
skipping and jumping, and on most records
the distortion is high. Have I bought a dud?

L.N.F. Dallas, Texas
Answer: There are pickups, including the
one you bought, which are capable of oper-
ating satisfactorily at Y4 gram of pressure on
some records and when installed in certain,
properly adjusted arms on turntables immune
to external shock.

The fact that yours is skipping indicates
that the tone arm you are using is either not
suitable or not properly adjusted; or that the
turntable is sensitive to external shock. It
doesn’t take much of a shock to lift a stylus
with Y4 ounce of pressure right out of the
groove. In fact, a footstep can do it at 1
gram stylus pressure. Most turntables were
designed for pressures of 2 grams or more.
There are a few new ones, among them the
AR and the new Empire with floating sus-
pension, that will permit stable operation
with very low pressures, because they are
quite immune to external shock or vibra-
tion. Similarly, only the latest type of clab-
orately balanced, low-friction arms will
permit operation at pressures less than |
gram. It looks like you're not giving the
pickup a square deul in these respects.

Question: 1 want to listen to a station on
1500 kc., 300 miles away; but a local station
on 1520 kc., causes too much interference.
What can I do to eliminate the interference?

GAS, Cranford, N.J.
Answer: The simplest and least expensive
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way to handle this problem is to obtain a
transmitting type crystal cut for 1520 kc.,
and connect it as indicated below, with a
switch so you can cut it out of the circuit
when you want to listen to the local station.
Suitable crystals can be bought surplus for as
little as one dollar, or for between $3.00 and
$5.00 from Texas Crystal Co. and other
crystal manufacturers. A tolerance of .0S
percent is good enough. If you still have
interference from the sidebands, try resistors
across the crystal from 50 ohms up; use the
highest value that will do the job.
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Question: I note that the transmission of
music by amateurs is banned. Why?

ADC, Los Angeles, Calif.
Answer: Once upon a time amateurs were
permitted to test with music; but as so often
happens the privilege was abused and tests
became broadcasts. The FCC then banned
musical transmission.

It makes sense. No really useful purpose
is served in amateur service by transmitting
music and unless the bandwidth of the trans-
mitter is carefully limited to 3 kc., music can
produce sidebands 10 kc. or more from the
carrier and thus cause a great deal of inter-
ference. On the other hand if the bandwidth
is limited to 3 kc. music is scarcely worth
listening 10.

Question: Can you give me the titles of some
books on fundamentals of radio and elec-
tronics that are really simple to understand?

LJ, Bryan, Ohio
Answer: We think one of the best is our own
ELEMENTARY ELECTRONICS. The 1964 edi-
tion should be obtainable on your newsstand

for only 75¢. We can also recommend the
following:

Getting Started in Electronics

Allied Radio Corp. #37K705 50¢
Understanding Amateur Radio

American Radio Relay League 2.00
ABC’s of Electronics

Howard W. Sams Co. 1.95

After a few bites of the above you should be
able to make sense out of:
Radio Amateur’s Handbook
American Radio Relay League 3.00

In each and every issue of Rapio-TV
EXPERIMENTER there is an interesting col-
umn called Bookshelf that highlights the
best in hard and soft cover books. The
column’s author, Bookworm, reviews both
new and old texts that are rated the best in
their areas.

Your local library undoubtedly has others
that will serve the need. Why not visit it and
look over the shelf on radio and electronics
and pick one that seems right for you.

Question: I read somewhere that experiments
have shown that the average person can’t
hear distortion of less than 1%. If that is so
why do we have to have distortion as low as
-1% in hi-fi amplifiers? A.D.C., Passaic. N.J.
Answer: Research also shows that the av-
erage American male wears a size 40 suit
and the average American female a size 14
dress. But a size 40 suits fits me like a circus
tent fits a Philadelphia lot and a size 14 dress
fits my wife—well, let’s not get into that. How
would this average size fit you and your
wife?

The “average persons” in statistics are al-
ways a minority. Anytime you have an aver-
age figure, it must be true by statistical math-
ematics that there are as many people above
the average as there are below the average.
So the experiment you cite also proves that
a lot of people hear distortion a good deal
less than 1% in fact, it probably proves that
there are just as many people who can hear
distortion smaller than 1% as there are peo-
ple who can discern distortion only if it is
more than 1%.

High fidelity is not designed for the average
person or the average ear. The finest ampli-
fiers are designed to have distortion so low
that it will be below the hearing ability of
even the most acute ear. The high fidelity
industry leaves the satisfaction of that very
tolerant average person to the package in-
dustry which apparently has never heard of
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the research you mention because it still
permits an amplifier with 5 per cent distortion
to be called “undistorted.”

Question: Exactly what causes an FM tuner
to distort the signal of some stations. None
of the books I consulted could specifically
answer the question?

SRW, Los Gatos, Calif.
Answer: In FM transmission the higher the
modulation level the wider the bandwidth of
the transmitted signal. If the tuner has a
wide enough bandpass to accept the wide
deviation there is no distortion; but if the
tuner bandpass is narrower than the devia-
tion of the signal, there will be distortion.

A deviation of 75 Kc. is allowed for FM
broadcasting. Theoretically, a receiver needs
a bandpass of around 240 kc. to pass a fully
modulated signal without distortion. Very
few tuners do; most have a bandpass be-
tween 150 and 200 kc. This is usually suffi-
cient because the maximum deviation occurs
usually on occasional peaks and at the very
highest frequencies only.

But some stations use a lot of compression
or limiting, so that their average modulation
tends to approach the maximum permissible
level. The result is that the distortion occurs
a considerable percentage of time, instead
of only occasionally, and is of course very
noticeable.

Question: I notice that most experts have a
very high opinion of acoustic suspension
speakers like the AR and KLH; but they
sound dull and dry to me as compared with
several others. I really favor another speak-
er but on the other hand I don’t like to go
against the judgment of so many people who
ought to know. What do you say?

E.G., Aiken, S.C.
Answer: The obvious answer is to go ahead
and buy the speaker you like and the devil
take the experts; after all it’s you, not they,
who’s going to be listening to it.

On the other hand, there is this to be said
for the experts—a lot of the best things in
life take getting used to—like very-dry, very-
pale sherry, caviar, camembert cheese, yen-
idge tobacco, and black-eyed peas, not to
mention snails, whether French or Chinese,

and abstract art. The tastes of experts and
connoisseurs are always more highly devel-
oped and sophisticated than those of the new-
comer to any field. Specifically, in the case
of speakers, the expert usually listens for
sharp definition and the ability to reproduce
the finest detail of music. The dullness and
dryness you mention s evidence of a fine
transient response which reveals the fine de-
tail. On the other hand the brightness you
like evidences some hangover which, though
it may produce a liver, more reverberant and
possibly even a more pleasant sound, tends
to obscure the finer details of music and
sound.

Your choice should be based not so much
on the word of experts or your own ofi-the-
cuff judgment or preference, but on how you
want to enjoy the music or sound that comes
from the hi-fi. If you want the maximum
detail, choose as the experts choose because
that’s their criterion; but if your interest in
music is casual, or more emotional than ana-
lytical, choose the speaker that sounds best
and produces the highest emotional appeal
to you. But remember, you too may like
caviar, camembert, or black-eyed peas if you
permit yourself to acquire a taste for them.

Question: I have my FM tuner and TV con-
nected to the same antenna with a two-set
coupler. This works fine except that when
I tune the FM to a station on 94.9 mc, I get
serious interference on TV channel 13.
What causes this and what can I do about it?
EP, Winslow, Maine
Answer: When your FM is tuned to 94.9
mc, the local osciilator is operating at 105.6.
The second harmonic, 211.2 is smack in
Channel 13. Hence, the interference.

You could make a harmonic filter and
install it between tuner and coupler but
actually the sensible solution is not to use
the FM when you're looking at Channel 13.
Or else, listen to FM stations above about
100 mc so the second harmonic falls outside
channel 13.

Question: What'’s the difference between
IHFM Music Power and sine-wave power
and how are they related?
L.P., Brooklyn, N.Y.
Answer: It is often the difference between
good and superb amplifiers but the relation-
ship is usually purely coincidental.
The IHFM Music Power rating is one of
the most remarkable measurements of any-
thing that human ingenuity has involved and
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one of the most meaningless. Its principal
purpose is to make the lowest category of
amplifiers look more respectable to the un- |
informed purchaser.

It is supposed to be the power output an l
amplifier will deliver on musical wavetorms; |
and if there were some really valid way of
measuring this it would be a good idea. But
the means of measuring it are just about as
indirect as making love by mail and just
about as good a substitute for the genuine |
article. To measure an amplifier's music pow-
er they replace the power supply you get
when you buy the amplifier, with an “ideal” |
power supply and then measure the power
output with sine waves. This curious meas-
urement is justified by the assumption first,
that hi-fi amplifiers are called upon to deliver
maximum power only during peaks of very
short duration; and secondly, that a practical, |
imperfect power supply can deliver the same
power for a short peak as the same amplifier
will deliver continuously with a perfect power
supply.

The assumptions are by no means com-
pletely valid. but even if they were the re- |
sulting rating doesn’t offer much guidance
and can be quite deceiving because it makes
a poor amplifier look much better than it is
and a good amplifier little of any better than
it is.

It is almost as if we measured the power of l
automobiles by replacing the motor that we
are going to buy. with another more ideal
motor. With this procedure the Falcon would
enjoy a much greater improvement in rating
than a Jaguar or Ferrari which already have
nearly ideal motors. The music power out-
put of a poor amplifier may be twice as high
4s Its continuous sine wave power output;
on the other hand in the case of the superb
amplifier there may be little if any difference.
Hence, two amplifiers with the same music
power output may have a difference as great
as 50 per cent in their continuous sine-wave
power output. '

The music power measurement actually
measures the quality of the power supply in |
an amplifier, rather than the performance of
the amplifier itself. It is really significant
only if the music power output is compared
with the continuous sine-wave power output
—the smaller the diflerence the better the
power supply and the better the power sup- |
ply, in most cases, the better the amplifier it
powers.

Actually the best measure of amplifier
performance is the sine wave power output

i
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over the entire audio range from 20 to
20,000 cycles. Since the manufacturer of
fine amplifiers gains little or nothing from
the use of “music power output” ratings he
usually rates his amplifier in terms of power
output over the entire audio range; or at
least gives both the music power and sine
wave power output.

The only thing safe to assume in this
curious business is that the amplifier that is
rated only in terms of music power output
has nothing to brag about in terms of sine-
wave power output.

Question: I plan to take two Edu-Kit courses.
Both of these include a broadcast receiver
and transmitter. I wonder if the transmitters
would be of good enough quality to use in
Novice amateur operation? After I get my
General license I would naturally go to bet-
ter equipment.

TB, Evansville, Ind.
Answer: The courses are excellent ways to
learn about radio. However, the trans-
mitters would not be suitable for amateur
operation although they will teach you a
good deal about transmitters. By all means
take the courses, but figure on buying more
suitable equipment for actual use on the
ham bands.

Question: When I increase the volume of
my hi-fi system after a certain point the
sound is all cut-up and the loudspeakers
kind of burble. What’s wrong?

T.C.K., Clearwater, Fla.
Answer: Almost certainly your system is suf-
fering from acoustic teedback. The bass out-
put of the speakers—probably the rumble
of your changer—is vibrating the changer
which in turn is feeding the vibration into
the amplifiers through the pick-up and as a
result the system is oscillating at a very low
frequency.

The probability is that you’re trying to
get too much bass boost. If you have the
loudness control or switch in the ON posi-
tion, turn it to the OFF position. If you
have the bass control in the boost position,
turn it to the neutral position.

You can minimize the occurrence of
acoustic feedback by putting a foam rubber

pad under the turntable or changer. The
type you buy to put under a typewriter is
usually just the right size. You can also put
foam rubber pads under the speakers. The
sclf-adhering foam rubber weatherstripping
you can buy at auto supply stores is ideal.
Cut strips of it and attach to the speakers
so the foam rubber is between speaker and
floor or shelf.

Another solution would be to get rid of
your present changer or turntable and re-
place it with an AR which is virtually im-
mune to acoustic feedback.

Of course, if you have a one-package deal
in which the speakers and changer are
mounted in the same cabinet there is nothing
much you can do except keep the volume
low and the bass down.

Question: Is it possible to obtain a schematic
diagram of electronic equipment by sending
a patent number to the patent office? If this
is not a practical way of obtaining schemat-
ics is there a way of getting them other than
waiting for a magazine to publish thein?

RJH, Lincoln, Nebr.
Answer: Electronic patents do include sche-
matics of the specific circuit patented. How-
ever, this is not a practical way of obtaining
schematics for a specific radio, TV, or other
gadget. First, the schematics are usually
very generalized and sometimes in block
form and would require considerable engi-
neering knowledge to adapt to useful form.
Secondly, the patent is always for one spe-
cific portion of piece of equipment, and even
if you got all of the dozen or more patents
covering a piece of gear, you wouldn’t have
anything useful.

The manufacturer of a radio, TV or test
instruments will usually supply a schematic
or service manual for a smal! charge or none
at all. Service manuals of TVs. radios,
phonographs, hi-fi amplifiers, etc., can also
be obtained from Howard W. Sams & Co.
Inc. 4300 W. 62nd St., Indianapolis, Ind. for
$2.25 a set. Schematics of older radios can
be obtained from Rider Manuals and most
city libraries have complete sets of these
which you can consult.

Question: Something is wrong with my
transistorized amplifier; but my serviceman
won't touch it. And he says he wouldn’t let
any other serviceman touch it and 1 should
send it back to the factory. I'm doing that
but I don’t understand why I have to. It
might be something simmple.
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P.U.M., Des Moines, lowa
Answer: Yes, and it might be very simple
for a serviceman to compound your troubles
by blowing out several transistors in the
course of trying to find out what the trouble
1s.

Transistors cannot be serviced or tested
safely with the ordinary type of equipment
used for tube amplifiers, TV's and radios.
Putting the probe of an ohmmeter on a
VTVM at the wrong spot could destroy a
transistor or two. There are special instru-
ments for safely trouble shooting transistor
gadgets such as computers: but these run
into hundreds of dollars and it is doubtful
that one serviceman in a million owns one.

This 1s one disadvantage of transistorized
hi-fi units at present. As they come into
greater use manufacturers undoubtedly will
develop methods and instruments for trou-
ble shooting and adjustment that are rela-
tively fool-proof. But as things stand only
the manufacturer of the specific devise is
certain to have the knowledge and the facil-
ities for servicing the thing with minimum
risk.

Our condolences on your troubles; but
congratulations on having a wise and /ionest
serviceman.

Question: I added the converter you describ-
ed some time ago to my broadcast receiver
and it works fine. Can you give me the cir-
cuit for an FM detector I can add to it now?

FF, Ontario, Canada
Answer: The simple circuit diagrammed
below will operate with LLF. between 125
and 500 kc. It should be switched into the
circuit in place of the present diode detector.

TO PRESENT OETECTOR
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However, assuming you use it with a broad-
casl or communications receiver, it will only
detect narrow-band FM such as is permis-
sible but seldom used on the ham bands; and
possibly that used in the 30-40 mc emer-
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EACH ISSUE INCLUDES LATEST EDITION
OF WHITE'S RADIO LOG

Question: Some of my older records have
got a lot of static on them and wiping them
with a “jocky cloth™ doesn’t seem to do
much good. What can 1 do to get rid of
the pops and crackles. D.B.. Rye, N.Y.
505 PARK AVENUE, NEW YORK, N.Y. 10022 Answer: Take your discs into the kitchen.
Please enter my special 6 issue subscription to RADIO.TY DISSO]ve a co.upl.e of _mehes of detergent
EXPERIMENTER in a clean basin full of tap water. Immerse
the record in this and it it is dirty and has

SCIENCE & MECHANICS/Handbook Division

| enclose $4.50 O 8ill me later . . X X .
fingerprints on it, wipe gently in a rotary
NAME | ) motion along the grooves with a soft cloth.
(Please print) Rinse the record with a gentle stream of
ADDRESS. ) s clean water from the faucet; dry it with a
very soft cloth or a chamois: touch the rec-
(B STATF ZIP CODE ord to the faucet to remove any static charge

buildup; and then try it. This will often do

Electronics . h c
EAR Enginee':;ng DEGREE the trick when nothing cise will.

\;cu_;nn earn ann A.S.E.E. degree at home. College level 11OME
STUDY courses tatight se you ean understand thel Continue
cation, earn more in the highly pald electronics Industry

. comhuters, transistors. automation, complete ¢lect ronies. Question' lf one dO(.‘S nol underst:md the 'an_

r 27,000 graduates now employed. Itesident school avallable
N ) AP anm -Found 93 3. r rats 9 . 3
at our'l hicage cafl.m: Founded .1...{4 Send for free catalog guage Sp()k(‘ll by a f()l'ﬁlgll station, what data
American Institute of Engineering & Technology 7 .
11398 West Fullerton Parkway Chicago 14, 1. should one take down to prove reception

= — when sending for a QSL card?
EJR, Philadelphia, Pa.
Answer: Note the exact time in Greenwich
Diuee 4! page bovkisi-—oy 8 BE lcopy Aud Meap Time. State whether voice or music,
with the booklet, you get a $2 credit revenizis your and if voice, whether male or female; if mu-
payment of your classificd ad in Science & Me- sic, give general description—like brass band,
T’Z?Elc,:.vesrfsg, ﬁeﬂf’%&,&ﬁweféryﬁ%'(')'“‘z'i'.“‘ e S_ymphony, guitar, etc. . . . Give the station
frequency as near as you can and the qual-
ity of reception. Add any other information
Can You Solve This Equation in One Step? that you may understand or deduce. u

How to Write a
Classified Ad That Pulls

| Question: How can I turn a plain 6.3-volt
filament transformer with no center tap into

You con with the Alsynco Slide Rule. Professional 10 Scale Model. a filtered 6 volts for operating my transistor

radio?
v Engi i
Solve the most complex math problems i aetino RK, Montreal, Canada
~—cube roots—logarithms quickly, easily.  with instruc. . . F .
The perfect answer for the electronic °"*—ONLY Answer: Try the circuit below. Since youir ra-

‘l’:‘ 8 "“’fu‘:’l‘:“:’f““’ mr?l] work like expensive top-hat rectifiers will do. Lafayette
e pros w e synco ule. ] . . .
? 4 offers four 750 mil., 100 P1V diodes for 89c
Bonus offer! Self-teaching Illustrated course on slide rule

technology regularly $2.00. With slide rule only $4.95 ppd. | (Lafayette Part No. SP-276). You can use

No C.O.D. Send post card for free literature. o3 a
Alsynco EE-6 171 S. Main St., Natick, Mass. | the miniature electrolytic condensers rate at

hobbyist, designer, engineer. Not a toy $4OO dio draws only a fraction of an amp., the in-

22 SUMMER 1964



160 mfd; 15 WVDC, or for better filtering |
a 2000 mfd., 15 WVDC, following the re-
sistor. The output voltage will depend on the
resistor. It will run about 9 volts without a
resistor; this would replace the typical 9 volt
battery. If you nced 6 volts try resistors in
the 5 to 50 ohm range. The resistance will
depend on the current drawn by the radio.

5-50n
115-VAC:

160 Lt 160
9-vDC
= T * T(APPROXJL_

FILAMENT TRANSFORMER

Question: How can I convert a Knight-Kit
transistor to the broadcast band for use in a
“carrier-current” radio station, and how
would I couple it to the power line?

BG, Cincinnati, Ohio
Answer: It can be done but first, it would
take a pretty long article to tell you how and
second, unless precautions are observed you
might easily run afoul of the Federal Com-
munications Commission and become a can-
didate for one of those nice stiff fines they
are imposing. My suggestion is that you go
to your library and obtain a copy of the
Radio Amateur’s Handbook for 1944—the
21st edition. This has an entire chapter on
this subject of carrier current communica-
tion. And if you enjoy assembling kits, many
of the major kit manufacturers carry power
line intercoms in their kit line.

Question: I overheard someone say that with

a simple revision on a transistor pocket radio

it can be turned into a broadcast band |

“walkie talkie.” How can [ do this? |
AWB, Providence, R.1.

Answer: Get hold of the guy and ask him

to give you the secret; and if he’ll write it

up the chances are the Rapio-TV EXPERI-

MENTER would be interested in publishing it

and paying him for it.

Yes, this could be done but the only way l
I can think of it would require quite a bit of
rewiring and reconnecting which is far from
simple, especially considering the miniature
size of a transistor pocket radio.

Keep in mind that there are some FCC
regulations on radio equipment of this type.
Best thing to do is check into Part 15 of the
FCC regulations before any soldering is
started. I
Question: How long should a short-wave an-
tenna be? How long should an antenna be

ELEMENTARY ELECTRONICS

Latest SAMS BOOKS ror

EVERYONE IN ELECTRONICS

p=USE THIS HANDY ORDER FORM

Science Projects in Electronics. Learn basic electronics
principles by actually building fascinating pro-
Jjects. You begin with a demonstration of how to
use the VOM, and progress to more advanced
projects, 80 you gain an easy understanding of
modern electronics systems. Order §PJ-1,0nly $2.95

Hi-Fi Projects for the Hohhyis!. Improve your present
hi-fi or stereo system at minimum cost. Easy-to-
build projects include: Rumble filter; noise filter;
hi-gain antenna; transistorized microphone pre-
amp; record player; tape recorder; FM tuner,. etc.
Order HFF-1, only $2.5

CB Radio Construction Projects. Compiete details for
building valuable CB devices, such as S-meter,
portable antenna, pocket monitor receiver, selec-
tive call system, field strength meter, modulation
monitor, SWR meter, remote listening unit, etc.
Order CB8G-Y, only . . $2.50
[T] Science Projects in Electricity. Uniquely planned
science projects easily teach the facts about electric
current flow; electrical units, terms, and circuits;

i
£
i
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i
s
§ magnetism; DC & AC; inductors & transﬂ.)rmers;
|
|
!
|
|
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z

a

capacitors, etc. Order SPE-1, only. $2.95

{] Transistor Ignition Systems Handbook. Clearly explains
the principles, installation and luning up of these
new transistor ignition systems which are revolu-
tionizing the auto industry. Order 1GS-1, only $2.50

[] Amateur Radio Construction Projects. Shows how to build
40-80 meter band novice transmitter, 30-watt 15,
40, 80 meter transmitter, balun antenna matching
unit, crystal-controlled converters, etc. Full build-
ing instructions. Order ARP-1, only. ..$2.50

] Science Projects in Electricity /Electronics. Demonstrates
basic principles of electricity and electronics through
the construction of fascinating projects that are not
only instructive but useful. ldeal for self-learning or
as science class project guide. Order SPN-1, only$2.95

[_] Computer Circuit Projects You Can Build. Starting with a
simple flip-flop circuit, this book details the construc-
tion of 13 basic analog and digital computer-circuit
gro ects. You not only learn computer circuitry but

uild useful devices as well. Order BOC-1, only . $2.95

How to Read Schematic Diagrams. RSD-1.. ...

Radio Recelver Servicing. RS-2..... L.

Modern Dictionary of Electronics. DIC-2. .

TV Servicing Guide. SGS-1. . ... L. 2.00

Handbook of Electronic Tables & Formul'as‘ HTF-2.... :?

1.5

Electronic Experiments & Projects. ES
Tube Substitution Handbook. TUB-7....
101 Ways to Use Your VOM & VTVM. .
Understandina Transformers & Colls. TAC-1 ......
famous ABC's Books
Electronjcs Dratting DRA.1 1.95 O Transistors. TRA-1
Etectronic TestEquipment.STE-1 1.95 O Electronic Organs. ECO-1...
Electronics. ELw-1. 195 O Lasers & Masers. LAL-1.
Short-wave Listening. SwiL-1... 1.95 O Computers 1.9%

e wm HOWARD W. SAMS & CO., INC, ~= =

Order from any Electronic Parts Distributor or mail 1o
Howard W. Sams & Co., Inc., Dept. EE-6
4300 W. 62nd St., Indianapolis 6, Ind.

Send books checked above. §
[ Send FREE Booklist.

g Name
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— enclosed.
[ Send Photofact Index.

g Address

1 City_ Zone___State__
ez IN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 womrs s
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ask me another

for DX on broadcast band? What commer-
cial wire is best and most economical for
this purpose?

FJC, San Francisco, Calif.
Answer: It isn’t that simple but we'll try to
give a simple answer. The modern receiver
is so sensitive that it does not need an elab-
orate antenna. Much more important is fa-
voring the pick-up of signal over the pick-up
of noise, especially man-made electrical
noise. A simple antenna that will give good
results consists of two pieces of 30-foot wire
fed at the center with twisted pair wire, as
diagrammed below. The antenna should be
located where noise pick-up would be low—
away from power and telephone lines, trans-
formers, and house wiring. It is best not to
put it over the roof of a house because
usually there is a lot of electric wiring in the
ceiling of a home which can transfer noise
to antenna. Stretching from your house to
a garage, trce. or pole i1s better. You can

MAKE = ”
MORE Fihiu
MONEY ety s

Dozens of suc- ,
cessful ways to :
be your own =

boss or to con- ; , >
duct a small r
business profit- u ﬂ

ably on a full or
part-time basis.
Reveals how many franchise and mail order op-
erations work—detailing the pros and cons of
these ventures.

INCOME OPPORTUNITIES
505 Park Avenue—New York, N. Y, 10022
Enclosed is $1. Please send me a copy of No. 688
INCOME OPPORTUNITIES (cost includes postage and
handling).
Better than that: Here's $3—enter my special 4 issue
subscription.

Name
(Picase print)
Address
2ip
City State Code

24

buy kits for this kind of antenna for between
$2 and $5.

To give more uniform results over entire
short-wave spectrum there are antennas
which have two or three or more dipoles like
the above—or a single long dipole with tuned
traps which is equivalent to severa! dipoles.
Hy-Gain and Mosley offer multiple trap an-
tennas for about $15.

2 gz"'z _INSULATORS

:f_.'fg‘ff’:ﬁ’/so' 30 >
S - [Ep=

The simplest antenna for broadcast band
reception is simply a 50-foot picce of wire
run from the receiver, out a window, to any
convenient tall support. It will not have the
interference rejection of the di-poles fed with
the twisted pair line, but in a quiet location
it will do a good job with a good receiver.
And if you are on a budget, this long-wire
antenna can also serve for short-wave recep-
tion.

As for wire, insulated hook-up wire will do
for the last type of antenna. No. 7x24

BOAT PLANS CATALOG

This heavily illustrated catalog [FIETRSSNT
of boat plans is made to order l’lu\‘l\b
for every man interested in build- [ P
ing his own boat. It gives full de- 7
scription of plans for building a
wide variety of boats. Boat build-
ers will be especially interested
in the selection of full-size pat-
terns now available on some of
the most popular boats.

If you ever thought of building
your own boat—you can't afford
to be without this catalog. Order
yours today.

- d
SCIENCE & MECHANICS — Craft Print Division
505 Park Avenue —New York, N. Y. 10022

Enclosed is my 25¢. Please send me a copy of the new Boat
Plans Catalog No. 5.

Name
(Please print)
Address
Zip
City State Code.
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braided copper wire has been the standard
antenna wire for generations and runs about
a penny a foot.

Question: I have a 10-watt Sergent-Rayment
hi-fi amplifier and 1 wonder if it would do
any good to hook it up to my AM-FM-SW
radio, and if so how can I do it?

FJC, San Francisco, Calif.
Question: I have a Hallicrafter short-wave
radio and I would like to feed it into my hi-fi
system. How can I do this without modify-
ing the receiver?

JKK, Little Rock, Ark.

Answer: Both you gentlemen will probably
get a decided improvement in tone quality in
this way: connect an 8-ohm resistor from
1 to 4 watts across the speaker terminals of
the radio and disconnect the speaker. Now
run a shielded lead from the same speaker
terminals to the input jack on the amplifier
or to the accessory input jack on the hi-fi
preamplifier.

Question: I cannot find the GE 1493 lamp
for the Microscope Illuminator described in
ELECTRICAL HANDBOOK, Volume 3. Is there a
substitute?

RR, Reading, Pa.
Answer: You can buy the GE 1943 from
Allied Radio (Catalog No. 52 E 656) or
Lafayette Radio (Catalog No. PL-86). It
is best to use this lamp. However, it may
be that you can find something that will do
the job for you at your automobile dealer.
It should be rated at 6 volts, have a single-
contact bayonet base, and put out at least
50 candlepower.

Question: We are interested in installing a
city wide community antenna TV distribu-
tion system. Can we have information on

what is needed, and the name and address |

of some firms which make the equipment
needed?

J. T. Camden, Ark. |

Answer: There are two ways of serving a
community with TV signals from stations too
remote to be receivable with good quality
with ordinary TVs and antennas. The oldest
is the community antenna system. In this
system a high gain antenna is located in a
good location; it picks up the signals which
are amplified in amplifiers and then dis-
tributed through coaxial cables to the indi-
vidual homes. This is a pretty expensive
proposition because of the amount of cable

required. A more recent system uses “trans- |

ELEMENTARY ELECTRONICS

500 % 6 m D ab G AU AU D DGR 6B Y S S0 Y @B @ W W

Fill 1n coupon for a FREE One Year Subscription to
OLSON ELECTRONICS' Fantastic Bargain Packed
Catalog ~— Unheard of LOW, LOW, WHOLESALE
PRICES on Brand Name Speakers, Changers. Tubes,
Tools, Stcréo Amps, Tuners, CB, and other Bargains.
NAME____
ADDRESS, — _ B
CITy — _ZONE___STATE

If you have a friend interested in electronics send his
name and address for a FREE subscriprion also.

OLSON ELECTRONICS

INCORPORATED

1007 S. Forge Street Akron, Ohio 44308

FREE
CAREER BOOKLET

to guide you to

a successful future in
Engineering and
Engineering Technology

Werite for your copy!

MILWAUKEE SCHOOL
OF ENGINEERING

Dept. EE-664,
1025 N. Milwaukee St., Milwaukee, Wis.

Tell me about an engineering career through
residence study in:

[ Electricatl O Mechanical

Age
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BEHIND-THE-SCENES
AT A WAX MUSEUM!

Get a revealing eyeful of what goes on in
the workshop of America’s largest and
most elaborate wax museum in the July
S&M. See how the amazingly life-like fig-
ures are created and the preparations
being made for the new $2,000,000 ex-
hibit at the New York World's Fair. Plus,
S&M's exclusive comparison road test of
two hot 1964 cars; an exciting feature
that offers new hope for balding men;
and the usual complete S&M how-to
projects . ..

All in the July issue of
SCIENCE

& MECHANICS
on sale June 1
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ask me another

lators.” This, too, starts with an antenna in
a very good location. However, after being
amplified the signal or signals are fed into a
small transmitter and re-broadcast through
an antenna array covering the community.
No complex cable system is necessary. Each
customer picks up the signal with his own
regular type TV antenna. The total cost is
lower and maintenance is simpler. Transla-
tors, however, are regulated by the Federal
Communications Commission and a license
is required to install and operate one. It is
suggested that you write the commission
(Washington 25, D. C.) requesting a copy
of the regulations applicable to community
TV distribution systems and a list of manu-
facturers supplying approved equipment for
this service. Jerrold Electronics Corp., 15th
and Lehigh St,, Philadelphia, Penna., is one
of the largest manufacturers, and operators,
of community TV systems.

Question: In my area and on my receiver I
hear station WKBW on 1520 kc and also
on 610 kc. Can you tell me the reason for
this?

RAS, New York, N. Y.
Answer: Your receiver is undoubtedly a su-
perheterodyne in which the local oscillator
frequency is equal to the station frequency
plus the intermediate frequency, which typi-
cally 1s in the region of 455kc. When you
have your receiver tuned to 1620, the local
oscillator is at 1975 and the difference beat
note is 455 which goes through the IF ampli-
fier, is detected and becomes audible. When
you tune to 610, the local oscillator is at
1075. The difference between 1520 and 610
is also 455 and goes through the IF ampli-
fier to become audible though probably at
reduced volume. This unwanted signal at
610 on the dial is called an “image.”

Question: Which is more harmful to people,
to get shocked by a 6-volt 10-ampere source
or by a 500-volt 10-milliampere source?
CG, Lincolnwood, Il
Answer: Ohm’s Law also applies to pcople
when they become part of an electric circuit.

| You will recall that Ohm’s Law says that

the current (1) flowing through a circuit, or
(Continued on page 50)

SUMMER 1964



HANDBOOK ond other Hondbooks—write C. D. Wilson,
SCIENCE & MECHANICS HANDBOOK DEPT., 505 Park Ave,,

For information on Classified ads—to be included in our next ELEMENTARY ELECTRONICS

Mgr ., Classified Advertising,
New York, N. Y. 10022

ADDITIONAL INCOME

YOU can recelve 20 letters dally. each
containing $2.00. For 4 unusual, complete
plans. Rush $2.00 to T. R, Grimes, Box
505-SM Dawson. Georgla.

MAKE Mall Order pay. Get '"How To
Write a Classified Ad That Pulls."” This
handbook tells how, with examples. In-
cludes certificate worth $2.00 lowmd clas-
sified ad in S & M. Send $1.00 to C
Wilson, Science & Mechanies, 505 Park
Ave., New York. N. Y, 10022.

AUTHOR'S SERVYICE

PUBLISH your book! Join our successful
authors: publicity advertising promotion.
beautiful books. All subjects invited. Send
for free manuscript report and detailed
booklet. Carlton Press, Dept. SMH., 84
Fifth Avenue, New York 11.

AUTO TRAILERS & SUPPLIES

BUILD Expanding eight foot Trailer.
Accommodates five. Literature 10¢. Fra-
Mar Company, Wilmington, Mass.

BOATS, MOTORS & MARINE SUPPLIES

GENUINE Northway Flberglass Canoes
Direct Deal. Details Free. Write to North-
way Canoes. Hebron, Ill.

INTERESTED In Boats? Of course you
are. You don't want to be without the
best of the boating magazines. Order your
special 4 issue subscription now. Send $3.00
to BoatCraft, 505 Park Avenue, New York.
N. Y. 10022.

BOOKS & PERIODICALS

EARTHWORMS

BIG Money Raising Fishworms and
Crickets. Free Literature. Carter Farm-O.
Plains, Georgia
ELECTRICAL EQUIPMENT & SUPPLIES

BUILD a high precislon all purpose
tachometer. 3 ranges. Measures speeds on

tape recorders, lathes. cutting tools. auto
engines. many more uses. Only $16.95.
Kit Division. Science & Mechanics,
505 Park Ave.. New York. N. Y. 10022.

EMPLOYMENT INFORMATION

fobs. List $1.00. Universal
O. Box 643-1. Kenosha. Wisc.

| Only
Classified M i
That Pulls 6 $ <]
What 1o 50Y and | &
Haw to Say !

, Worth Its
@ Weight In Gold

Make your classified ad pay! This hand-
book felis how—with examples; included
is @ Credit Certificate worth $2.00 to-
ward the cost of a classified ad in S & M.
For a copy of "How to Write a Classi-
fied Ad That Puils,” send $1.00 to C. D.
Wilson, Science & Mechanics, 505 Park
Ave., New York, N. Y. 10022

OVERSEAS
P

How To Write @

L

DREAM DBook $1.00. Walter Kazaks,
234 East 58th Street. New York 10022.

CATALOG of all Science and Mechanics
Craftprints. Send 25¢ to cover postake and
Handling to Craftprint Div.. Science and
Mechanics, 505 Park Ave., New York. N, Y.
10022.

BUSINESS OPPORTUNITIES

1 Made $40.000.00 a Year by Mailorder.
Helped others make money! Start with
$10.00—Free Proof. Torrey. Box 3566-T.
Oklahoma City 6. Okla.

CAMERAS & PHOTO SUPPLIES

AT last! Build your own supersensitive
light meter from complete kit with easy
to follow instructions. Send $189.95 to Kit

Division. Science and Mechanics. 505
Park Ave., New York 22. Money com-
pletely refunded if Kit returned within

ten days for any reason.

CAMPING, EQUIPMENT & TENTS

CAMPER'S 1964 Catalog:
guide to supplies and equipment, Every-
thing for year round hunting. fishing.
camping. Send 25¢ to Cover Postage and
Handling to Valley Surplus Co.. Inc.. Dept.
MO-4. Route 59. Nanuet. New York.

A complete

COINS, CURRENCY & TOKENS

TRUNKFUL 25.000 Indian-Lincoin cents
mixed (from the 1920's & older). Wil
pack ""Grab-Bag' style. 400 mixed—
$£25.00. Sample bag of 20—$2.00.
Fischer, Box 5490, Sherman Oaks 13,
California

ELEMENTARY ELECTRONICS

FIREARMS & AMMUNITION

NEW, 20-page catalog contains pictures,
specifications and prices of Marlin Guns
for 1964 . 35 different models of rifles
and shotguns in all . at prices rang-
ing from $17.95 to $126.95. This compre-
hensive catalog glves you all the informa-
tion needed to select the best sun for
anybody young or old novice or
marksman target-shooter or big game
hurter. You'll also learn why America's
finest marksmen and huntsmen agree
"'you pay less and get more from a Mar-
1in."* Bonus: Copy of the Bifll of Rights.
guaranteeing Americans the right to keep
and bear arms printed on parchment
paper and suitable for framing included
free with every catalog. Write Dept. 391,
The Marlin Firearms Co.. New laven 2,
Connecticut. U.S.A,

FLORIDA LAND

FLORIDA Water Wonderland: Home-
sites, Cottagesites. Mobilsites. Established
area. $390.00 Full Price. $5.00 Month.
Swimming. Fishing. Boating. Hunting.
Golfing. Write Lake Weir 102, Silver
Springs. Florida

FOR INVENTORS

INVENTIONS needed immediately for
manufacturers. For additional informa-
tion write Kessler Corporation, C-70FI.
Fremont. Ohio

NO Letter to write! Special 'Invention
For Sale'” form presents your idea to buy-
ers. 6 lor $1.00. Sclence & Mechanics,
Craft Print Div., 505 Park Ave.. New York,
N. Y. 10022.

HYPNOTISM

NEW concept teaches you sclf-hypnosis
quickly! Free literature. Smith-McKinley.
Box 3088. San Bernardino, Calif.

MAGIC TRICKS JOKER NOVELTIES
PUZZLES

FREE—Big Magician's Catalog—Houdinl
ensational. Escapes. handcuffs. mystify-
ing tricks. stage fllusions. jokes. Write
Heaney Magician, Oshkosh. Wis.

MONEY-MAKING OPPORTUNITIES

MEN-WOMEN! Start Money-Making
Plastic Laminating Business at home in
spare time. Material that costs 11¢ brings
back $¢2.58. No canvassing or selling but
mail orders bring in $20.00 a day. Write
for full particulars free. Rush name on
postecard to Warner, Room CL-426J, 1512
Jarvis. Chicago 26, 111

EASY to start rubber stamp business at
home in spare time. Make up_to $9.80 an
hour without experience. Facts free.
Write to Roberts, 1512 Jarvis, Room
CR-426J. Chicago 26.

MODERN Ideas! For mother and baby.
Send 25¢. H. Flannery. 105 Knollwood
Drive. Cherry Hill. N. J, 08034.

PATENT SERVICE

PATENT Searches. $6.00! For (ree
“Invention Record” and "Important In-
formation Inventors Need.” write: Miss

Hayward, 1029-D Vermont, Wnshington 5.
District of Columblia.

PETS—DOGS, BIRDS, RABBITS, ETC.

MAKE big money raising rabbits for us,
Information 25¢. Keeney Brothers, New
Freedom. Penna.

RADIO & TELEVISION

CRAMMED with Electronics Articles of
interest to novices and pros alike. Sub-
scribe now: 6 Issues for $4.50. Order from
Radio-TV Experimenter, 505 Park Ave.,
New York., N. Y. 10022.

REMAILING SERVICE

SPECIAL Remailing 25¢. $3.00 Recelv-
ing System. Smith. 914-H Pueblo Street,
Boise. Idaho.

SCIENCE EXPERIMENTS

“SCIENCE EXPERIMENTER'"—A must
Handbook for high school science students.
spelling out the kind of projects they can
develop into Science Fair winners. A fa-

vorite of teachers. Send $1.00 for =651 to
Science & Mechanics. Handbook Div..
505 Park Ave.. New York. N. Y. 10022.

START YOUR OWN BUSINESS

MAKE Mall Order pay. Get '‘How To
Write a Classified Ad That Pulls.” This
handbook tells how, with examples. In-
cludes certificate worth $2.00 toward clas-
sified ad in S & M. Send $1.00 to C. D.
Wilson. Sclence & Mechanics, 505 Park
Ave., New York. N. Y. 10022,

SURPLUS EQUIPMENT

SURPLUS Catalog. The most amazing
Surplus Bargain Catalog ever printed being
compiled now. Feutures unusual and dii-
ferent {tems at greatest bargains ever! A
must for purchasing agents. techniclans,
sclentists. schools and uuniversities. ex-
perimenters and hobbyists, farmers. home
owners, and Sportsmen. Write today—
Reserve your free copy: Surplus World,
P. O. Box 785, Dept. A, 1025 Chill Ave.,
Rochester. New York.
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FOR SPORTS
— Heathkit |
Watt Walkie
Talkie Kit
GW-52, §74.95.

FOR STEREO/HI-FI—Heathkit 40-
Watt All-Transistor Stereo Amplifier,
Kit AR-22, §99.95.

FOR HAM RADIO~—
Heathkit 80 Meter SSB Trans-
ceiver, Kit HW-12, $119.95.

Here are .a |
few Heathkit =
values...

FOR COLOR TV — HEE wiE Bl ra X 4
Heathkit GR-53, $349.00. | 4

Lo

FOR TEST EQUIPMENT ¥ |
—Heathkit “Service Bench" R B
VTVM, Kit i1M-13, $32.95. =

FOR YOUR HOME —
Heathkit Electronic Organ
Kit GD-232. $349.95.

Heathkit . . . world's largest

now bigger and better than ever! e
HEATHKIT-1984

HEATH COMPANY 139-6-1
Benton Harbor, Michigan 49023

Kit builders wilf find savings of up to 50%. and a selec-
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As You progress further into electronics,
there will be many instances when you
will want to “roli your own,” designing and
building up projects from scratch. Quite
often, the only way to obtain a piece of
eiectronics gear specifically taiiored to your
needs is by conjuring it up yourself—this
entailing perhaps the punching and drilling
of a metal chassis, mounting of compo-
nents, etc

In order to do a creditable job of elec-
tronic assembly, it is most important that
you become familiar with the various elec-
tronic “tools of the trade” and how to use
them properly. The success or failure of
many an clectronic project will depend
upon the care taken in its assembly. In the
following pages, we'll take a look at the
various topls you'll be using, their proper
use, and general “good practice” assembly
and soldering techaiques.

Required Yools. The question that gen-
erally first enters the mind of the electronics
neophyte is . . . what tools should I purchase
to get started? There are actually two sets
of answers to this question; do you plan to
just build electronics Kits, or do you plan to

working with
electronic
tools

and

parts

By John Potier Shields

In what better way can you learn all about
electronics than by actually building and
assembling electronic projects? But before
you go any further, you should know how
to work with electronic tools and parts

Fig. 1. It takes a good man with good tools to do a topnotch job in constructing
and repairing electronic equipment. Check the photo above to determine whether
your stock of tools is greater. Since tools can be purchased separately, cost
shouldn’t be a determer.c to the acauirina of a tool box filled with qualitv tools.
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go all out and assemble the projects from
scratch . . . punching out all the chassis your-
self.
If you intend to concentrate on Kit as-
sembly, your choice of tools is quite simple
. the following tools should put you in
business.
Screwdriver—4 to 6 inch, Y2 inch blade
Screwdriver—4 to 6 inch, Y4 inch blade
Long-nose pliers—4 to 6 inch
Diagonal cutters—6 inch
Wire strippers
Low wattage (30-50 watts) soldering

iron

® Soldering iron

In addition to these basic tools. you will
probably want to acquire a sct of “spintites,”
(nut drivers), a plastic nut starter and per-
haps a screw holding screwdriver. While
not essential, these cxtra tools often make
assembly a lot casier. The choice of a solder-
ing iron or gun is a matter of personal pref-
erence and working habits.

On the other hand, if you prefer to build
up your projects from scratch, you’ll want
the following tools in addition to those men-
tioned above.

® Tube socket hole punches (54", 34",
1", 114")

® Hack saw, 12 inch blade

® Hammer

® Center Punch

® Steel straight edge or tape rule

® Hand or electric drill

® Twist drill set, including No. 18, 28,
33, 42 and 50 drill sizes, plus Y inch

@ Phillips screwdriver, 6 to 8 inch

® Set of Allen wrenches

® Set of small metal files: round, flat,
triangle

® 100 to 200 watt soldering iron or gun

® Slip-joint pliers

® Nibbling tool

These additional 1ools are just about all
that will be required to construct even the
most claborate picce of gear. A few of these
tools are pictured in Figure 1.

In addition to the tools outlined above,
it is a good idea to maintain a small stock
of “electronic hardware” including:

® Machine screws, round and flat head,
with nuts to fit.

Most useful sizes include: 4-40, 4-36,
6-32, and 8-32. Lengths should range from
%16” to 1",

® Rubber grommets in assorted sizes

® Rosin solder core

@ Terminal tic point strips

Most of these items are available in small
quantities, usually being packaged in handy,
reusable, plastic boxes.

Laying Out A Chassis. Assuming that
you are going to “roll your own” project,
the first step is to lay out the chassis, decid-

4

Fig. 2. Unless you are a
design engineer with years
of experience in electronics,
it would be wise to place
parts on a chassis to see
if there will be ample room.

Fig. 4. After some careful
planning a novice can punch
and drill a chassis that
an old pro would admire.

»
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DRIVE BOLT

Fig. 3. If you don’t have
a complete set of Green-
lee round and square
punches, it's time you
startbuying. Start off

PUNCH

ZCHASSIS

with a %", %", and
14" round punch and a
1” square punch. Parts
stores stock these and
other sizes and shapes.

ing where the various components such as
tubes, transformers, etc. are to be placed.
For example, as shown in Figure 2, the
chassis is laid out in “sections,” the power
transformer and filter capacitor in one corner
of the chassis, output transformer and output
tubes in the other corner, and the rest of the
circuit along the front portion of the chassis.
Aside from a neat, symmetrical layout, this
component allows the most direct lead
placement between the various components.

After deciding the best component loca-
tion, the next step is to mark the paper clad
chassis with the various part locations in
preparation for drilling and punching.
The easiest way of doing this is to use the
component mounting holes as guides, plac-
ing a pencil mark at cach mounting hole.

The components may then be removed, and
the pencil markings “trued up” with a T-
square or triangle as a guide. The next step
is to lightly center punch the locations where
the various holes are to be drilled. A block
of wood or metal should be placed directly
under the point being center punched to
avoid denting the chassis. Placing the chassis
over a closed vise is a good way to work this.

Drilling and punching of the chassis comes
next. In the case of drilling, it’s a good idea
to drill ail the punch marks with a small
drill to provide “pilot holes.” This neatly
solves the problem of a large drill “skitter-
ing” out of a punch mark and marring the
chassis surface.

Holes much larger than about ¥2” are best
made with a hole punch. In operation, a hole

ELEMENTARY ELECTRONICS
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Fig. 5. Twisted AC heater leads reduce hum.  Fig. 6. Mechanically secure leads to lugs.

(diameter depending upon size of punch) sired size hole is obtained. Using this ap-
is drilled in the chassis. Next, the die is proach it’s a fairly easy matter to cut out
placed on top of the chassis and the punch large openings for transformers, etc.
under the chassis as pictured in Figure 3. Mounting of Electronic Parts. Mounting
The drive bolt is drawn up with a wrench. the various components is next after all
Figure 4 illustrates a slick method for chassis drilling and punching has been com-
cutting various odd-sized holes in chassis. pleted. Such items as standard tube sockets
A *“nibbling tool” is used which “nibbles” and tie-point strips are conveniently mounted
out small scctions at a time until the de- with 42 x ¥4” round head machine screws,

Drawing courtesy The Heath Company

Fig. 7. How good you are at
soldering often determines if
your project will operate or not.
A clean soldreing iron tip s
important. Coat it with solder
and press it against the terminal
to be soldered. At the point
where the iron tip touches the
terminal apply solder. Do not use
too much solderso it will not bead
or run off and cause shorts. Use
enough heat to obtain a “‘good”
solder connection (see far right).
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lockwashers, and %2 hex nuts. Miniature
tube sockets are best mounted with %o x 14"
machine screws. Such items as tic-point
strips, mounting brackets, small transformers
and chokes are mounted with 6» x %" or
%" hardware. Larger components, such as
power transformers, output transformers,
etc. are provided with usually either % or
84s studs which may be used for mounting
the component.

Panel mounted components, such as po-
tentiometers, rotary and toggle switches, and
pilot light assemblies are mounted by means
of threaded bushings which are passed
through the single mounting hole and se-
cured with a lockwasher and nut. Standard
potentiometer (pots) require a ¥%” mounting
hole, while most toggle switches mount
through a ¥2"” hole. Rotary selector switches,
as in the case of pots, generally take a 38"
mounting hole.

Wiring Procedure. Next in line comes
wiring of the various components. Here
again, the proper technique will more often
than not spell the difference between a suc-
cessful project and one that provides only
mediocre results. This is especially true with
circuits designed to operate at high frequen-
cies where careful attention must be given
to proper wiring procedure.

Assuming that you are putting together a
“conventional” project, such as an amplificr,
receiver, etc., the accepted, and by the way,
the most convenient wiring sequence is as
follows:

1. Power supply
2. Heater (or filament circuits)
3. Ground (or common) circuits

ELEMENTARY ELECTRONICS

Fig. 8. Wiring up transistor
circuits calls for different
wiring techniques. Parts
are smaller and can be
placed on a phenolic board
stamped with many evenly
spaced mounting holes.

Fig. 9. Transistors and
solid state diodes can be
damaged by excessive heat.
When soldering place a
heat sink between the semi-
conductor and the point be-
ing soldered. A plier with
a rubber band clamping it
shut holds on to a wire and
will draw away the heat.

4. Leads from major components such as
output transformers, pots, switches, etc.
5. Resistors
6. Capacitors
The virtue of this wiring procedure is that
the wiring ends up in “layers” . . . you don’t
suddenly find that a ground connection for
example has to be made under a layer of
previously installed capacitors and resistors.
Next, we come to the matter of lead length
between components. Aside from appear-
ance sake, it is highly desirable to maintain
as short as possible connecting leads. There
are several reasons for this. First, excessive
lead length can cause hum and noise pickup
in the case of signal carrying leads. Second,
AC power leads, such as from the 115 volt
AC line and 6.3 volt heater leads may radiatc
hum into low-level portions of the circuit
if excessively long. Third, excessive lead
length can cause excessive circuit losses due
to their inductance which becomes appre-
ciable at high trequencies. This is why you'll
find VHF (very high frequency) and UHF
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(ultra-high frequency) circuits constructed
with their components very closely spaced.
When a long lead run cannot be avoided,
as in the case of tube heater leads, AC field
radiation from them can be minimized by
twisting the leads as pictured in Figure 5.
There have been a number of suggested
methods of attaching component leads to
tube socket lugs, tie-point strips, etc. You
have your choice all the way from the “mili-
tary style” of passing the Icad through the
lug, wrapping it around the lug a number
of times, and then crimping it, to simply
tacking the lead to thc lug with a drop of
solder. Actually, these two cases are ex-
treme . . . the former is too involved while
the latter is not considered mechanically ac-
ceptable, except for perhaps an experimental
circuit where the lead will be connected and
discannected a number of times.

Figure 6 shows the generally accepted
method of attaching a lead to a terminal or
tie-point lug. As you can sce, the lead is
passed through the hole in the lug, bent back
upon itself, and crimped. This provides a
connection that can be fairly easily ‘“de-
tached” and yet provides a good mechanical
joint.

Soldering. Here's a subject which per-
haps causes the most difficulty to the be-
ginner, and yet it is not a difficult art to
master. Therc are three basic steps to a
good soldered connection. They are:

1. plenty of heat
2. clean point
3. proper iron

The correct procedure for soldering a joint
is illustrated in Figure 7. First, coat the tip
of the iron with solder. Next, firmly press
the flat side of the tip against the parts to
be soldered together. After allowing a sec-
ond or two for the iron to heat the work,
apply solder between the parts to be soldered
and the iron. Use only enough solder to
flow over the surface of the connection.
Remove the iron and do not move any of
the soldered parts until the solder has cooled.

One very important point . . . always use
only rosin-core solder as acid core solder
will corrode the soldered connections, thus
resulting in increased connection resistance
and attendant improper circuit operation.

While soldering guns have become popular
due to their “instant heat” characteristics,
a good 30 to 5O watt soldering “pencil” is
excellent for most electronic work, and has
the advantage that it will not overheat the
work . . . a common problem with a large
wattage soldering gun.

And Now Transistors. This section
would not be complete without touching on
the proper “mechanics” of transistor con-
struction. As you might well imagine, as-
sembly techniques differ considerably with
transistor circuits . . . one major reason
being the much smaller physical size of the
associated components.

Figure 8 shows the typical construction
technique of a simple transistor circuit. As
you can see by the photo, the “chassis” is a
piece of perforated phenolic board. Instead
of conventional tie-point strips, small brass
eyelets are used, these being inserted through
the holes in the perforated board. Com-
ponent leads are simply pushed into the eye-
lets and soldered. The small transformers
are mounted to the board by means of their
lugs which are simply passed through en-
larged holes in the board. Incidentally, this
perforated board can be easily cut to the
desired size by the use of a “nibbling” tool.

In mounting transistors and diodes, it’s a
wise idea to leave the leads at least one inch
long when possible to minimize the chance
of transistor or diode damage when solder-
ing into place. Along these same lines, grip-
ping the transistor or diode leads with a pair
of long-nose pliers as pictured in Figure 9
will minimize heat damage during soldering.

When working with transistor circuits, it
is highly recommended that the use of a
soldering gun be avoided. The reason for
this is that the intense magnetic field de-
veloped around the gun while it is in oper-
ation can induce currents in nearby coils
and transformers . . . these currents often
being sufficient to damage transistors or
diodes connected into the same circuit. Also,
the more controlled heat of a low wattage
soldering pencil will prevent possible dam-
age of excess heat to the rather delicate leads
of some of the associated components.

Well, that’s pretty much the story on work-
ing with electronic tools and parts. While
space did not permit us to give a really de-
tailed coverage of the subject . . . many,
many more words could be said, we have
tried to cover the high spots, and hope that
you have found this section both interesting
and informative. L
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basic electricity

The study of complex electronic
circuits is based upon an easy-to-
understand electron theory and
how electrons flow through cir-
cuits. A good ground floor knowl-
edge of electricity is mandatory
prior to probing into electronics.

ELEMENTARY ELECTRONICS

N ORDER to gain a clear understanding of

basic electricity, let’s take a close look at
the structure of the atom. All matter can be
broken down into basic chemical elements.
These basic elements in turn can be sub-
divided into minute particles, called atoms;
the smallest state in which chemical elements
can exist without losing their identity.

Early in the 19th century it was revealed
that the atom, which up until this time had
been considered the fundamental particle of
matter, could be subdivided still further into
cven smaller particles. These smaller par-
ticles—electrons, protons and neutrons, are
present in all atoms . . . their number deter-
mining the particular type of atom, carbon,
hydrogen, etc. For example, the element hy-
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Fig. 1. Diagram of the beryllium atom.

drogen has one electron and one proton,
while the sodium atom has 11 electrons, 11
protons, and 12 neutrons.

The structure of the atom is somwhat like
our own solar system. Figure 1 is an atomic
diagram of the beryllium atom. The atom’s
central nucleus consists of protons which
carry what is known as a positive electrical
charge and neutrons which possess a zero
electrical charge. Around this positively
charged nucleus, orbit negatively charged
electrons. In a normal atom, the number of
electrons in the orbits exactly equal the num-
ber of protons in its central nucleus. Thus,
the negative charged orbiting clectrons neu-
tralize the positive protons and the atom
has a zero net electrical charge.

Atomic weight. Almost the entire weight
of any atom is concentrated in its nucleus.
Both the electrically positive proton and clec-
trically neutral neutron are about 1800 times
heavier than the orbiting electrons. Actually,
“weight” is a rather poor term to use here as
the weight of even the heavier protons and
neutrons is infinitesimal compared to objects
we see and handle every day. The approxi-
mate weight of one electron is expressed by
a very small number, .000,000,000,000,000,-
000,000,000,000,9 gram (9 x 10™).

A moment ago, we said that all atoms are
composed of three basic types of particles,

electrons, protons, and neutrons, and that the
different elements are determined by the
number and arrangement of these particles.
The atomic number of an element’s atom is
equal to the number of electrons orbiting
about its nucleus. Thus, the hydrogen atom,
with its single electron is given the atomic
number of onc. On the other hand, the
element fluorine has nine electrons and is
thus given the atomic number of nine.

An atom’s atomic weight is determined by
the number of protons and neutrons in its
nucleus. Atomic weights are relative and are
useful in comparing the weight of one atom
against that of another. Since the atomic
weight of hydrogen is one, and the atomic
weight of neon is 10, the neon atom is 10
times heavier than the hydrogen atom. Fig-
ure 2 is a table of the atomic weights and
numbers for the first eleven elements.

Going back to our atom's orbiting elcc-
trons for a moment, these electrons are ar-
ranged in rings or shells around the central
nucleus—each ring having a definite maxi-
mum capacity of clectrons which it can
retain. For example, in the copper atom
shown in Figure 3 the maximum number of
electrons that can exist in the first ring (the
ring nearest the nuclcus) is two. The next
ring can have a maximum of eight, the third
ring a maximum of 18, and the fourth ring
a maximum of 32. However, the outer ring
or shell of electrons for any atom cannot
cxceed eight clectrons when the shell may
have more than eight in hecavier atoms.

Sym- At. At. Pro- Elec- Neu-
bol Elemeant No. Wt tons trons trons
H hydrogen ] ] ] ] 1]
He helium 2 4 2 2 2
Li lithium 3 7 3 3 4
Be  beryllium 4 9 4 4 5
B boron | 1" 5 5 [
C carbon 6 12 6 6 6
N nitrogen 7 14 7 7 7
o oxygen 8 16 8 8 8
F fluorine 9 19 9 L 10
Ne neon 10 20 10 1o 10
Na sodium n 23 1 1" 12

Fig. 2. Atomic table for the first 11 atoms.
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Fig. 3. Flat diagram of the copper atom.

Valance. The ring of electrons furthest
from the atom’s nucleus is known as the
valance ring and the electrons orbiting in
this ring are known as valance electrons.
These valance electrons, being further from
the nucleus, are not held as tightly in their
orbits as electrons in the inner rings and
can therefore be fairly easily dislodged by an
external force such as heat, light, friction,
and electrical potential. The fewer electrons
in the valance ring of an atom, the less these
electrons are bound to the central nucleus.
As an example, the copper atom has only
one electron in its valance ring. Consequent-
ly, it can be easily removed by the applica-
tion of only the slightest amount of external
energy. Ordinary room temperature is suf-
ficient to dislodge large numbers of electrons
from copper atoms; these clectrons circulat-
ing about as free electrons. It is because of
these large numbers of free electrons that
copper is such a good electrical conductor as
you shall shortly see. There could be no
electrical or electronics industry as we know
it today if it were not for the fact that elec-
trons can fairly easily escape, or be stripped
from the valance ring of certain elements.

Electronic charges. If an electron is
stripped from an atom, the atom will assume
a positive charge because the number of
positively charged protons in its nucleus now
exceed the number of negatively charged
orbiting electrons. If on the other hand, the
atom should gain an electron, it wiil become
negatively charged as the number of elec-

ELEMENTARY ELECTRONICS

trons now exceed the protons in its nucleus.
The atom with the deficiency of electrons is
known as a positive ion, while an atom with a
surplus of electrons is known as a negative
ion.

You are probably familiar with the “elec-
tricity” produced when you comb your hair
with a hard rubber or plastic comb. What
happens here is that the friction of passing
the comb through your hair strips electrons
from the atoms of the material from which
the comb is made, leaving the comb ncga-
tively charged. This is the earliest form of
electricity known to man and is known as
static electricity as it simply accumulates on
a surface rather than flowing continuously
in an electrical circuit as does electricity pro-
duced from a battery, generator, etc.

So far, we've talked only about static
electrical charges which accumulate either
by a deficiency or surplus of electrons. Let’s
go a bit further and seec what constitutes a
continuous flow of electric current.

Figure 4 shows two oppositely charged
bodies. The negative charge of the right
hand body is due to there being a greater
number of electrons than protons in this
body, while the left hand body is positively
charged due to its having fewer electrons
than protons. When an electrical conductor
is placed between these two oppositely
charged bodies as shown in figure 5 the
negatively charged free electrons will be
repelled into the connecting wire by the
negative charge of the right hand body. At
the same time, these free electrons are at-
tracted by the positive charge of the left
hand body—free electrons moving through
the wire from the right hand body to the
left hand body. This movement of free elec-
trons will continue only until the excess of
electrons are ecqually divided between the

SURPLUS OF
ELECTRONS
( NEGATIVE CHARGE)

LACK OF ELECTRONS
(POSITIVE CHARGE )

Fig. 4. Two bodies with opposite charges.
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DIRECTION
OF
ELECTRON FLOW

Fig. 5. Electron flow reduces charges.

two bodies. Under these conditions, the
charges on the left and right hand bodies will
be equal and the electron flow will end.
Electric charges produce current. While
figures 4 and 5 serve to illustrate the basic
flow of an electric current by means of elec-
tric charges, you can see that the flow of
current will stop as soon as the charges are
neutralized—this taking but a fraction of a
second. What we need is some method of
continuously maintaining a charge or poten-
tial difference between the two ends of the
electrical conductor. In cffect, what we are
looking for is an “electric charge pump.”
Let’s look at figure 6A. Here we sce a
water wheel and water pump connected by a
length of pipe. Mechanical energy applied

to the shaft of the pump causes the water to
flow through the pipe and turn the water
wheel due to the difference in water pressure
at the two ends of the pump. The pump,
water wheel, and connecting pipe form a cir-
cuit through which the water can flow. Now,
look at figure 6B. Here is a battery, lamp,
and connecting leads between the battery
and lamp. In this instance, the battery serves
as the electric charge pump—free electrons
continually developed at its negative termi-
nal by chemical action flowing through the
connecting leads and lamp back to its posi-
tive terminal of the battery by the attraction
of oppositely charged bodies. The battery,
connecting leads, and lamp form an elec-
trical circuit which must be complete before
the free electrons can flow from the bat-
tery’s negative terminal to its positive termi-
nal via the lamp. Thus, the battery serves
as a source of potential difference or voltage
by continually supplying a surplus of elec-
trons at its positive terminal. Summing this
whole thing up, we can say, a flow of elec-
tric current consists of the movement of
clectric charges (electrons in most cases)
between two oppositely charged bodies.

Now that we have seen just what makes
up a flow of clectric current, in which direc-
tion does the current flow . . . from positive
to negative or from negative to positive?
Actually, there are two schools of thought
on this . . . the so-called conventional dircc-
tion and the direction of clectron flow. The

(B)

BATTERY

Fig. 6. The action of a water pump (A) compared to the electrical battery (8).
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COMPASS

DIRECTION
OF

ELECTRON
FLOW

-
)/ CONDUCTOR
s ‘T

Fig. 7. Using the left hand rule to find the
direction of electron flow in a conducting wire.

conventional direction is the earliest, and
assumes that an clectric current flows from
positive to negative. The more modern
theory states that current flow is the same
as electron flow (from negative to positive)
since most current flow consists of the move-
ment of free electrons.

The direction of current flow through a
conductor can be determined with the aid of
a compass as shown in figure 7. When the
fingers of the left hand are wrapped around
the conductor in such a manner that they
point in the same direction as the north pole
of thec compass, the left thumb points to the
direction of current flow.

Electrical quantities. We cannot progress
very far into the study of electricity without
first becoming familiar with the basic prop-
erties of electrical circuits. Just as we define
distance in feet and inches, so do we define
electrical properties in specific terms and
units.

Potential. Earlier, we saw that an elec-
tric charge difference has to exist between
the ends of an electrical conductor in order
to cause a flow of free electrons through the
conductor . . . this flow of electrons con-
stituting an electric current. This electric
charge difference, or potential difference
exerts a force on the flow of free electrons,
forcing them through the conductor. This
clectric force or pressure is referred to as
electromotive force, abbreviated EMF.

The greater the charge or potential differ-
ence, the greater will be the movement of
free electrons (current) through the conduc-
tor as there will be more “‘push and pull” on
the free electrons. The symbol used to
designate electrical potential is the letter E
which stands for electromotive torce. The
quantity of EMF is measured by a unit called

ELEMENTARY ELECTRONICS

the volt. Hence, the common name most
often used in place of EMF is voltage.

Current intensity. We have learned that
an electric current consists of a flow of
charge carriers (most generally free elec-
trons) between two points of different elec-
trical potential. The rate of flow of these
charges determines the intensity or strength
of this current flow.

Let’s take a look at Fig. 8 which shows a
wire connected between the positive and
negative terminals of a battery. Since the
battery serves as a source of potential differ-
ence, free electrons will be repelled out of
the negative terminal, through the wire, and
back into the positive terminal which has a
deficiency of electrons. The number of these
free electrons flowing in the conductor deter-
mine the current strength. This current
strength is expressed in units known as the
ampere . . . 1 ampere of current flowing in
the circuit when 6,240,000,000 clectrons flow
out of the battery’s negative terminal,
through the conductor, and back into the
battery’s positive terminai in, one second.
The symbol for the ampere is the letter /
which stands for intensity.

Resistance. The flow of electric current
through a conductor is caused by the move-
ment of free electrons present in the atoms
of the conductor. A bit of thought then indi-
cates that the greater the number of free elec-

‘/\\

ELECTRON FLOW
OR

CURRENT FLOW

BATTERY

SR

Fig. 8. Electron flow caused by a dry cell.
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trons present in the atoms of a particular
conductor, the greater will be its electrical
conductivity. Gold, silver, and copper rank
as excellent electrical conductors as their
atoms readily release of free electrons. On
the other hand, the atoms of such elements
as sulphur have almost no free electrons
available and they are thus very poor elec-
trical conductors . such materials are
known as clectrical insulators. Between these
extremes, lie elements such as carbon whose
atoms have a moderate number of free elec-
tons available and thus are relatively good
electrical conductors.

Even the best electrical conductors offer
some opposition to the passage of free elec-
trons . . . this opposition is called resistance.
You might consider electrical resistance simi-
lar to mechanical friction. As in the case of
mechanical friction, electrical resistance gen-
erates heat. When current flows through a
resistance, heat is generated; the greater the
current flow, the greater the heat. Also, for
a given current flow, the greater the resist-
ance, the greater the heat produced.

Electrical resistance can be both beneficial
and undesirable. Toasters, electric irons, etc.
all make use of the heat generated by current
flowing through wire coils. Resistance is also
often intentionally added to an electrical
circuit to limit the flow of current. This type
of resistance is generally lumped together in
a single unit known as a resistor.

There are also instances where resistance is
undesirable. Excessive resistance in the con-
necting leads of an electrical circuit can
cause both heating and electrical loss. The
heating, if sufficient can cause a fire hazard,
particularly in house wiring, and the circuit
losses are a waste of electrical power.

Electrical resistance is expressed by a unit
known as the o/im, indicated by the letter R
which stands for resistance as you might
guess. An electrical conductor has a resist-
ance of one ohm when an applied EMF of
one volt causes a current of one ampere to
flow through it.

There are other factors beside the composi-
tion of the material that determine its resist-
ance. For example, temperature has an effect
on the resistance of a conductor. As the
temperature of copper increases for example,

its resistance decreases. A little thought will
show why this is so. You remember that heat
is one of the external forces which will strip
electrons from the valance ring of atoms
comprising an electrical conductor. These
electrons then circulate as current carrying
free electrons. As the amount of heat is in-
creased, the number of these free electrons
increase, and the resistance of the conductor

AMMETER@

(A)

{+
r

—  BATTERY RESISTOR
— 4\VDC 1n
(B) AMMETER :8
+
—— BATTERY RESISTOR
— |
_T_: 4 vDC Eﬂ
(c) AMMETER

2

\
+
——  BATTERY RESISTOR

4 vDC 20

:

Fig. 9. Simple demonstration showing that
current in a circuit is directly proportional
to the voltage impressed across the circuit.
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drops. This drop in resistance with an in-
crease in temperature is known as a positive
temperature coefficient. Not all conductors
show this decrease in resistance with an in-
crease in temperature . . . their resistance in-
creasing with an’ increase in temperature.
Such materials are said to have a negative
temperature coefficient. Certain metallic al-
loys have been developed which exhibit a

(A) AMMETER

-

—— BATTERY RESISTOR
—  4vnC 10
L

(8) AMMETER
-

—— BATTERY RESISTOR
—— 8VDC 1n
(C) AMMETER

o~

3
I

e

BATTERY RESISTOR
—_— 2VDC 10

Fig. 10. Simple demonstration showing that
current in a circuit is inversely proportional
(1 over R) to the resistance in the closed circuit.

ELEMENTARY ELECTRONICS

zero temperature coefficient . . . their resist-
ance does not change with changes in tem-
perature.

As you might suspect, the length of a con-
ductor has an eflect upon its resistance.
Doubling the length of a conductor will
double its resistance as the current carrying
free electrons have twice as far to travel and
thus twice the resistance. By the same token,
having the length of a conductor will cut its
resistance in half. Just remember that the re-
sistance of a conductor is directly proportion-
al to its length.

The cross-sectional area of a conductor
also determines its resistance. As you double
the cross-section of a conductor, you halve

its resistance . . . halving its cross-section
doubles its resistance. Here again, the “why”
of this is pretty easy to see . . . there are

more current carrying electrons available in
a large cross-section conductor than in a
small cross-section conductor of the same
length. Therefore, the resistance of a con-
ductor is inversely proportional to its cross-
sectional area.

Relationship—voltage, current, resist-
ance. Now that we have a basic under-
standing of voltage, current, and resistance,
let’s take a look at just how they interact.

Figure 9A shows a battery, ammeter (a
device to indicate current strength), and re-
sistor connected in series. Notice that the
ammeter indicates that 4 amperes are flowing
in the circuit.

Figure 9B shows the identical setup with
the exception that the battery volitage has now
been doubled. The ammeter now shows that
twice the original current, or 8 amperes, are
now flowing in the circuit. Therefore, we
can see that doubling the voltage applied to
the circuit will double the current flowing in
the circuit.

In Figure 9C the same circuit appears
again, this time however, the battery voltage
is one-half its original value. The ammeter
shows that one-half of the original current,
or 2 amperes, arc now flowing in the circuit.
This shows us that halving the voltage ap-
plied to the circuit will halve the current
flowing through the circuit.

All this boils down to the fact that assum-
ing the same circuit resistance in all cases,
the current flowing in a circuit will be direct-
Iy proportional to the applied voltage . . . in-
creasing as the voltage is increased, and de-
creasing as the applied voltage is decreased.

In Figure 10A we again see the circuit con-
sisting of the battery, ammeter. and resist-
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ance. Notice that the ammeter indicates that
4 amperes are flowing through the circuit.

In Figure 10B we see that the value of re-
sistance has been cut in half and as a result,
the ammeter indicates that twice the original
current, or 8 amperes, is now flowing in the
circuit. This leads us to the correct assump-
tion that for a given supply voltage, halving
the circuit resistance will double the current
flowing in the circuit.

Figure 10C again shows our basic circuit,
but with the resistance now doubled from its
original value. The ammeter indicates that
the current in the circuit is now one-half of
its original value.

Summing things up . . . for a given supply
voltage. the current flowing in a circuit will
be inversely proportional 1o the resistance
in the circuil.

Ohm’s law. From what you have seen
so far, you are probably getting the idea that
you can determine the current flowing in a
circuit if you know the voltage and resistance
present in the circuit . . . the voltage if you
know the current and resistance, or the re-
sistance if the voltage and current are known.

All this is quite correct, and is formally
stated by Ohm’s Law as follows:

Where: E = voltage
1 = current
R = resistance

Now, let’s take a look at how this formula is
used:

Fig. 11.
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To find voltage:
E(voltage) =I (current) times R (resistance)

To find current . . .
E (voltage)
I (current) =

R (resistance)

To find resistance:
E (voltage)
R (resistance) = —
1 (current)

A handy way to remember Ohm’s Law is
by means of the “wheel” shown in figure 11.
Simply cover the quantity, voltage, current,
or resistance, that you want to determine,
and read the correct relationship of the re-
maining two quantities from the wheel. For
example, if you want to know the correct

E
current (1), put your finger over I and read—.
R
Similarly, covering E or R will yield I x R or
E
——— respectively.
I

Ohm'’s law to determine voltage. Let’s
delve a bit more deeply into Ohm’s law by
applying it to a few cases where we want to
determine the unknown voltage in an elec-
trical circuit.

For a beginning, take a look at figure 12,
which shows a simple series circuit consist-
ing of a battery and resistor. The value of
this resistor is given as 200 ohms, and 0.5
ampere of current is flowing through the
circuit. We want to find the value of battery
voltage. This is easily done by applying
Ohm'’s law for voltage as follows:

E=1XR

E (unknown voltage) = 0.5 (current in am-
peres) X 200 (resistance in ohms) = 100 V.

The Ohm's law memory wheel—cover one value with
your finger and the equation is given by the remaining two values.
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200 OHMS

——WW

oy B

VOLTAGE UNKNOWN
<+— 0.5 AMPERE

3

Fig. 12. Using Ohm’'s law to determine volt-
age from values of current and resistance.

[—— 400 OHMS

1

UNKNOWN
VOLTAGE

l 0.3 AMPERE

-4

Fig. 13. Find the unknown voltage impressed
across this series Christmas lamp circuit.

5 OHMS

+

20 o
VDC —

UNKNOWN CURRENT

-L

Fig. 14. Use Ohm’'s law to determine the un-
known current in this simple series circuit.

15 AMP
9
FUSE
==
| \ELECTRIC
= I > 'HEATER
120 ] | (20 OHMS)
VOLT balod

Fig. 15. Here, Ohm's law helps y;:u deter-
mine whether the fuse size is satisfactory.
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UNKNOWN RESISTANCE

0.5 AMPERE
—_

Fig. 16. Knowing the dry cell voltage and
circuit current, the unknown R can be found.

Let’s go through this again, this time using
a more “true to life” illustration. Figure 12
shows a string of light bulbs, the total re-
sistance of which, is 400 ohms. You find
that the bulbs draw 0.3 amperes when fully
lit. Let’s say you would like to operate this
string of bulbs from the standard 120-volt
house current, but you don’t know the volt-
age rating of the individual bulbs. By using
Ohm’s law for voltage, you can easily deter-
mine the voltage to light the bulbs as follows:
E (unknown voltage) = 0.3 (amperes) X
400 (bulb resistance) = 120 volts

Ohm’s law to determine current. Now,
let's take a look at a few examples of how
to determine the value of unknown current
in a circuit in which both the voltage and
resistance are known.

Figure 14 shows a series circuit with a bat-
tery and resistor. The battery voltage is 20
volts DC and the value of resistance is 35
ohms. How much current is flowing through
the circuit?

E

R

Ohm’s law for current I

20 (battery voltage)

I (unknown current) =
S (resistance in ohms)

I = 4 amperes

Again to get a bit more practical, let’s take
a look at figure 15. Here we see an electric
heater element connected to the 120-volt
house line. We know that this particular
heater element has a resistance of 20 ohms.
The house current line is fused with a 15-
ampere fuse. We want to know whether the
heater will draw sufficient current to blow
the fuse. Here’s how to find this out by use
of Ohm’s law for current.
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DROPPING
RESISTANCE
UNKNOWN

=

6 VOLT
BULB

0.2 AMPERE

Fig. 17. Series dropping resistors can be
calculated by Ohm's law and some reasoning.

120 (line voltage)
I (unknown current) =

20 (Heater resist-
ance in ohms)
I = 6 amperes

We find from the above use of Ohm's law
for current that the heater draws 6 amperes,
so it can be safely used on the line fused with
the 15 ampere fuse. In fact, a 10 ampere
fused line can also do the job.

Ohm’s law to determine resistance.
Ohm’s law for resistance enables us to deter-
mine the unknown value of resistance in a
circuit. Here's how it's done. Figure 16
again shows a simple series circuit with the
battery voltage given as 20 volts and the
current flowing through the circuit as 0.5
ampere. The unknown resistance value in this
circuit is found as follows:

E

I

Ohm’s law for resistance R

20 (battery
voltage)
R (unknown resistance)
0.5 (current
in amperes)

40 OHMS 6 OHMS

R = 40 ohms

Figure 17 is a practical example of how
to determine unknown resistance. Here, we
want to operate a 6-volt light bulb from the
120 volt house line. What value of series
dropping resistor do we need to drop the
120 volt house current down to 6 volts? The
bulb draws 0.2 ampere.

We must first determine the voltage which
must be dropped across the series dropping
resistor. This is done by subtracting the line
voltage (120) from the bulb’s voltage (6).
This gives us a value of 114 volts which we
use in conjunction with Ohm’s law for re-
sistance as follows:

114 (voltage

dropped by

resistor)

R (unknown resistance) =

0.2 (bulb

current in

amperes)

R = 570 ohms

Resistance in series. Many practical
electrical and electronic circuits use two or
more resistances connected in series. The
point to remember in this casc is that the
total resistance is the sum of the individual
resistances. This is expressed by the simple
formula:

R (total resistance) = R1 + R2 + R3 + etc.

where R1, R2, R3, etc. are the individual
resistances (the dashed line indicates any ad-
ditional resistances). Thus, in figure 18 the
total of the individual resistances is R (total)
=40+ 6+ 10+ 5 = 61 ohms.

Resistances may also be connected in par-
allel in a circuit as in figure 19. In this
case the current flowing in the circuit will
divide between the resistances; the greater
current flowing through the lowest resistance.
Also, the total resistance in the circuit will
always be less than any of the individual
resistances as the total current is greater than
the current in any of the individual resistors.
The formula for determining the combined
resistance of the two resistors is:

10 OHMS S5 OHMS

— AN N VWVWANWN—

Fig. 18. The resistance of a series circuit is equal to the sum of all resistances.
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R1 X R2

R1 + R2

R (total)

Thus, in figure 19 the combined resistance
of Rl and R2 is:

2X4 8
— or 1.33 ohms.
2+ 4 6

R (total) =

It is generally not necessary to carry the
decimal point beyond two places.

In a circuit containing more than two
parallel resistors as in figure 20 the easiest
way to determine the total circuit resistance
is as follows: first, assume that a six volt
battery is connected across the resistor net-
work. Pick a value that will make your
computations simple. Then determine the
current flowing through each of the resistors
using Ohm’s law.

6

= — = 3 amperes
2
6

I = — = 2 amperes
3

6
I=— =1 ampere
6

Next, add the individual currents flowing
through the circuit:

2 amperes + 3 amperes + 1 ampere =
6 amperes

Substituting this 6 amperes in Ohm’s law,
the total circuit resistance is found to be:

6
R=—
6

1 ohm

Quite often an electronic circuit will con-
tain a combination of series and parallel re-
sistances as in figure 21. To solve this type
of problem, first determine the combined
resistance of R2 and R3:

6xX12 72
— = 4 ohms
6+ 12 18

R (total) =

This total value of R2 and R3 may be con-

ELEMENTARY ELECTRONICS

2 OHMS

ANV

H H

4 OHMS

Fig. 19. Parallel resistance can be computed
by the simple “product over the sum™ rule.

2 OHMS

3 OHMS

6 OHMS

Fig. 20. Three resistors in parallel can be
solved by calling on Ohm's law to help.

6 OHMS
R1

R2 R3

6 12

OHMS OHMS
e ’
Fig. 21. Series-parallel combinations of
resistors require some thinking to solve.

sidered a single resistance which is in series

with R1, and forms a simple series circuit.

This simple series circuit is solved as follows:
R (total) = 6 + 4 or a total of 10 ohms.
Power: The amount of work done by elec-
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tricity is termed the watt and one watt is
equal to one volt multiplied by one am-
pere. This may be expressed as: P = E x I
where E = Voltage in volts, I = the current
in amperes. Also:

Ei
and P = I'R

R

As an example, assume that a toaster draws
5 amperes at an applied voitage of 115 volits.
Its wattage would then be: P = 115 x S or
757 watts.

Basic magnetism. Before we go any fur-
ther with our investigation of basic electrici-
ty, it might be well to become familiar with
the basic principle of magnetism due to the
very close relationship between electricity
and magnetism.

Some of the basic principles and effects of
magnetism have been known for centuries.
The Greeks are credited as the ones who
first discovered magnetism . . . they having
noted that a certain type of rock had the
ability of attracting iron. Later, the Chinese
noted that an elongated piece of this rock had
the uscful property of always pointing in a
North-South direction when suspended by a
string as shown in figure 22. This was the
beginning of our compass.

This strange stone which intrigued people
over the centuries is actually a form of iron
ore known as magnetite. Not all magnetite
shows magnetic properties. Another name
for the magnetic variety of magnetite is lode-
stonc . . . the term lodestone being derived
from two separate words, lode and stone.
The term lode stands for guide, hence lode-
stone means “guide stone.”

All magnets, whether natural or man made,
possess magnetic poles, which are commonly
known as the magnet’s north and south poles.
As is the case of the electrical charges which
we studied earlier between unlike magnetic
poles and repulsion between like poles. It
has been found that this magnetic attraction
and repulsion force varies inversely as the
square of the distance from the magnetic
poles.

The magnetic field. We all know how
a magnet exerts a force of attraction on a
piece of magnetic material such as iron or

steel. Also, when the north poles of two
magnets are brought close together, they will
try to repel each other, while there will be
attraction between the north and south poles
of two magnets. Although it is not clearly
understood just what this force of magnetic
attraction and repulsion is, it is convenient
to visualize magnetic lines of force which
extend outward from one magnetic pole to
the other as illustrated in figure 23.
Permeability. Magnetic lines of force
can pass through various materials with vary-
ing ease. Iron and steel for example, offer
little resistance to magnetic lines of force.
It is because of this that these materials are
so readily attracted by magnets. On the
other hand, materials such as wood, alu-
minum and brass offer great resistance to the

Fig. 22. The lode stone is a ferrous rock
that was the first useful magnetic compass.
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Fig. 23. Place a bar magnet under a piece
of paper and sprinkle iron filings on top.
Filing will trace out the magnetic field's
force lines when the magnet aligns them.

passage of magnetic lines of force, and as a
consequence are not attracted by magnets.

The amount of resistance a material offers
to magnetic lines of force is known as its
permeability. Iron and steel for example are
said to possess high permeability as they

CIRCUIT 1

PRIMARY
Fig. 25.

ELEMENTARY ELECTRONICS

Fig. 24. The magnetic lines of force around
a conducting wire is illustrated above.

offer little resistance to magnetic lines of
force. Non-magnetic materials have low per-
meability. For practical purposes, we can
say that permeability is to magnetic lines of
force as resistance is to an electrical circuit.

Electromagnetism. Any electrical con-
tor through which flows an electrical current
will generate a magnetic field about it which
is perpendicular to its axis as shown in figure
24. The direction of this field is depend-
ent upon the direction of current flow, and the
magnetic field strength proportional to the
current strength. If this- current carrying
conductor is wrapped into a coil, forming
a solenoid, magnetic field will be increased
each individual turn is added to the field
due to the fact that the field generated by
generated by the other turns in the coil. If
an iron core is inserted in this current carry-
ing coil the generated field will be increased
still further. This is because the lines of

SECONDARY
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CIRCUIT 2

A simple demonstration that illustrates how currents are induced.
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force are concentrated within the iron core
which has considerably less reluctance than
the surrounding air.

The magnetizing power of a multi-turn
current carrying coil through which a core
is inserted is proportional to the current
flowing through the coil as well as the num-
ber of turns in the coil. The current through
the coil is termed ampere turns. As an
example; if a coil consisting of 200 turns is
carrying 2 amperes, its ampere turns equal:

Ampere turns = 200 turns x 2 amperes or

400 ampere turns

On the other hand, a coil of 100 turns
through which a current of four amperes
flows also has 400 ampere turns.

Ampere turns = 100 turns x 4 amperes

or 400 ampere turns.

Electromagnetic induction. We saw earlier
how a current carrying conductor will gen-
erate a magnetic field which is perpendicular
to the conductor’s axis. Conversely, a cur-
rent will be induced in a conductor when the
conductor is passed through a magnetic field.
The strength of this induced current is pro-
portional to both the speed at which it passes
through the field and the strength of the
field. One of the basic laws pertaining to
electromagnetic induction is Lenz’s Law
which states: “The magnetic action of an in-
duced current is of such a direction as to
resist the motion by which it is produced.”

Figure 25 illustrates two coils, A and B,

PRIMARY

which are placed in close proximity of each
other. Coil A is connected in series with a
switch and battery so that a current may be
sent through it when the switch is closed, and
coil B is connected to a current indicating
meter. When the switch is closed, current
will flow through coil A, causing a magnetic
field to be built up around it. In the brief
instant that the field is building up to maxi-
mum, it will “cut” the turns of Coil B; in-
ducing a current in it, as indicated by a
momentary flick of the indicating meter.
When the switch is opened; breaking the
current flow through coil A, the field around
coil A will collapse, and in so doing, will
again induce a current in coil B. This time
however, the flow of current will be in the
opposite direction. The meter will now flick
in an opposite direction than it did when
the switch was closed. The important thing to
remember is that the conductor must be in
motion with respect to the magnetic field or
vice versa in order to induce a current flow.
You can perform this simple experiment
using two coils made of bell wire wrapped
around large nails, a few dry cells in series,
and a DC center scale meter.

Self induction. As mentioned a short
while ago, a magnetic field is built up around
a coil at the application of current through
the coil. As this field is building up, its mov-
ing lines of flux will cut the turns of the
coil; inducing a counter electromotive force
or counter EMF which opposes the current
flowing into the coil.

The amount of counter EMF generated
depends upon the rate of change in am-
plitude of the applied current as well as the

Fig. 26. A simplified drow-
ing of a two winding trans-
former on an iron core. The
primary winding is determined
by its connection to the input
circuit. Schematic diagram
(upper right) is typical for
a ferrous-core transformer.

SECONDARY
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inductance of the coil. This value of induct-
ance is dependent upon the number of turns
in the coil; a coil with many turns will have
greater inductance than a coil with few turns.
Also, if an iron core is inserted into the coil,
the inductance of the coil will increase sharp-
ly. The unit of inductance is known as the
Henry.

The transformer. One of the most im-
portant and widely used application of mag-
netic induction is the transformer. Trans-
formers find the major application in step-
ping up or down voltage and current in
countless applications.

Figure 26 shows the basic construction of
a typical transformer. While two separate
winding core shown here, some transform-
ers such as those used in radio and receivers,
can have as many as five or six individual
windings.

A transformer consists of two or more sep-
arate windings, electrically insulated from
each other. One winding which is known as
the primary winding, is led from a source
of alternating current.

The alternating current flowing through
the primary induces a current in the second-
ary winding by virtue of magnetic induction.
The transformer core is constructed from a
relatively high permeability material such
as iron which readily conducts magnetic flux
between the primary winding and secondary
winding.

The alternating current flowing in the pri-
mary of the transformer produces variation
in the magnetic flux circulation in the trans-
former core which tends to oppose the cur-
rent flowing in the primary winding by vir-
tue of self-induction. This counter EMF is
just about equal to the voltage applied to the
primary winding when no load is connected
to the transformer’s secondary winding. This
accounts for the fact that very little current
flows through the primary winding when no
load is connected to the secondary. The negli-
gible current that does flow under this no-
load condition is known as the transformer
magnetizing current. As the current drawn

from the secondary winding increases, the
" primary current will increase proportionately
due to the reduction in the counter EMF
developed in the primary winding of the
transformer.

In any transformer the ratio of the primary
to secondary voltage is equal to the ratio of
the number of turns in the primary and sec-
ondary windings. This is expressed mathe-
matically as follows:

ELEMENTARY ELECTRONICS

Ep Np

Es Ns
where Ep = primary supply voitage
Es = voltage developed across
secondary
Np = number of primary turns
Ns = number of secondary turns

The above formula assumes that there are
no losses in the transformer. Actually, all
transformers possess some loss which must
be taken into account.

Transformer losses. No transformer
can be 100 per cent efficient due to losses in
the magnetic flux coupling the primary and
secondary windings, eddy current losses in
the transformer core, and copper losses due
to the resistance of the windings.

Loss of magnetic flux leakage occurs when
not all the flux generated by current flowing
in the primary reaches the secondary wind-
ing. The proper choice of core material and
physical core design can reduce flux leakage
to a negligibie vaiue.

Practical transformers have a certain
amount of power loss which is due to power
being absorbed in the resistance of the pri-
mary and secondary windings. This power
loss, known as the ¢opper loss appears as
heating of the primary and secondary wind-
ings.

There are several forms of core loss—
hysteresis and eddy current losses. Hysteresis
losses are the result of the energy required to
continually realign the magnetic domain of
the core material. Eddy current loss resuits
from circulating currents induced in the
transformer core by current flowing in the
primary winding. These eddy currents cause
heating of the core.

Eddy current loss can be greatly reduced
by forming the core from a stack of indi-
vidual sheets, known as laminations, rather
than from a single solid piece of steel. Since
eddy current losses are proportional to the
square of core thickness, it is easy to see that
the individual thin laminations will have
much less eddy current loss as compared
with a single thick core.

Another factor which effects eddy current
loss is the operating frequency for which the
transformer is designed to operate. As the
operating frequency is increased, the eddy
current losses increase. It is for this reason
that transformers designed to operate at
radio frequencies have air cores and are void
of ferrous metals. B
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ask me another

(Continued from page 26)

branch of a circuit will depend on the volt-
age (E) across the circuit and the resistance
(R) of the circuit. Your body resistance is
very high, usually well over 10,000 ohms.
If you insert it across an electric circuit, your
body will be the added resistance in that
circuit.

Assuming your body resistance is quite
low, say 60,000 ohms, in the case of the 6-
volt source the current flowing through your
body would be 6/60,000 or 100 microam-
peres, the total power would be .0006 watt.
In the case of the 500-volt supply the cur-
rent would be 500/60,000 or 8.3 milliamps
and you would be called to dissipate 500 x
0083 or 4.15 watts. Clearly the latter is
more dangerous.

There are no hard and fast rules, however,
on how much voltage and current a body can
stand without damage. Anything above 10
milliamps can be dangerous and anything
above 50 milliamps can be fatal. In view of
high body resistance it usually takes a high
voltage to draw that much current. But if
the body resistance is.low, as for instance
if it is moist, a relatively high current may
flow with even a relatively low-voltage
source. The only way to outwit Ohm’s Law
is by keeping your body out of electric cir-
cuits.

Incidentally, in about 90 per cent of the
cases of electric shock where breathing has
ceased, a fatality can be avoided if “mouth-
to-mouth™ artificial respiration is applied to
the shocked individual within about 4 min-
utes. Everybody who has occasion to work
with dangerous electrical currents, and his
associates and family, should learn the tech-
nique. Consult your local Red Cross Chap-
ter or family doctor.

Question: Many times I have heard the term
“WPE Short-Wave Monitor.” How can I
become one?

RF, Birmingham, Ala.

Answer: The WPE program is sponsored by
one of our competitors, Popular Electronics,
One Park Ave., New York, N. Y. 10016.
Write them and ask for an application form,
enclosing a dime,

Question: When the power supply trans-
former of an AC superhet shorts or burns

out, is it feasible to convert the power supply
to AC-DC without altering any other section
of the set?

WW, Greensboro, N. C,

Answer: It would be possible but not very
feasible in terms of the cost and labor in-
volved. Trouble is that transformer type sets
have the filaments of the tubes wired in
parallel and supplied from the 6.3-volt (or
2.5-volt) winding of the transformer. To
adapt to AC-DC it would be necessary
either to rewire the filaments in series, pos-
sibly changing tube types, and/or add a
series resistor or ballast tube to bring the
line voltage down to the proper value. You
will find it much simpler, cheaper and more
satisfaclory 1o get another iransformer. You
can find suitable ones in other old radios, or
pick one up from a surplus dealer. McGee
Radio, 1901 McGee Si., Kansas City 8, Mo.
is the best source I know of for replacement
transformers suitable for such an applica-
tion. You can get one that will do the job for
between $3 and $6, from them; and believe
me this will save you money and bushels of
trouble.

Question: What's the best product for clean-
ing records and keeping them free of pops
and crackles?

JNB, Dallas, Texas.

Answer: It is called water, produced by your
cily, county or sanitary district, and comes
out of the faucets in your kitchen or bath-
room. Let a gentle stream of it flow over
the surfaces of the record, then wipe in a
circular direction following the grooves. with
a very soft, very fine piece of chamois. If
you touch the record to the faucet while
washing or, preferably, after chamoising, the
static charge will be discharged. If the rec-
ord is very dirty, or has fingerprints or signs
of any kind of film or grease, or is heavily
charged with static put just a little household
detergent into a pan of water, and wash
record with this, rinsing with flow of clean
water and chamoising as above. Incidentally,
here is a very simple test to check whether
any record has a static charge: tear a small
piece of newspaper into small bits, like con-
fetti, and place on any surface. Bring record
near bits of paper. If paper is attracted and
jumps to record, it is charged. If record does
not attract bits of paper it is neutral. Aside
from the fact that it is cheap, the big virtue
of WATER is that (if it is fit to drink) it
will leave no grease, silicone, or any other
kind of film to bind dust to record. Ll

SUMMER 1964



Since the efforts of Thomas
Edison, J. J. Thomson and Lee
de Forest over a half century
ago, vacuum tubes and elec-
tronic devices using tubes con-
tribute to our welfare, comfort
and entertainment in almost
every facet of our lives.
Vacuum tube theory still re-
mains one of the most signifi-
cant and vital subjects that
newcomers to the field of elec-
tronics should learn to master.

By W. F. Gephart

an introduction to
vacuuIlxl
tube
theory

Your first big step into electronics is
made by learning and understanding the
design and operation of the vacuum tube

HE electronics industry as we know it to-
day owes its birth and growth to the vac-
uum tube. It was, however, a slow start. The
first vacuum tube ever built and operated
remained unknown and unappreciated for
many years. Thomas A. Edison discovered
the basic principle of the vacuum tube, later
known as the Edison effect back in 1883, but
ignored it in favor of our electric lamp
research. In 1906, Lee de Forest added
empitus to this slow start when he designed
and operated the first triode vacuum tube. In
the 58 years that followed the vacuum tube
triode, and its subsequent multiple-element
kin folk, begot the enormous electronics in-
dustry that provides the comforts and science
developments we now enjoy.
Inside the glass bulb. Since all tubes in-
volve electron flow, a source of eclectrons
must be included in the envelope. This is
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(A)

=11

Fig. 1. The schematic diagram shown in (A} is
typical for a setup to determine the character-
istic curve of a diode. The curve in (B) shows
how the diode’s current varies with voltage.
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usually a heating element in the tube, since
metals such as tungsten and thorium, and
compounds such as barium oxide, give off
large quantities of electrons when heated. In
some tubes, the electrons are taken directly
from the heated wire, or filament. This is
suitable when direct current from a source
such as batteries can be used to heat the wire.
If a low frequency alternating current is
used, the flow of electrons varies at the AC
frequency, creating an undesirable hum in
the tube output.

To provide electrons from tubes powered
by AC, a cathode is used. This is a metal
sleeve, made of tungsten (or other metal
coated with barium oxide) which is heated
by a filament (or heater) located inside of
it. Since the amount of metal in the sleeve is
sufficient to hold heat better than the wire
filament, it cannot appreciably change tem-
perature with the variation in AC frequency
on the filament. Since electron emission is

based on temperature, the cathode’s emission
of electrons is not affected by the AC fre-
quency of the voltage applied to the filament,
and it does not introduce a hum in the tube’s
output.

The diode. Since the electrons emitted by
the cathode have a negative charge, they
will be attracted to any element in the tube
that has a positive charge, since unlike
charges attract. By placing a positively-
charged element, called the plate, in the tube,
the flow of electrons between the cathode
and plate would then create a current flow,
if proper external connections were made.
Figure 1A shows the connections for this
type of simple, two-element tube, called a
diode.

The plate (P) is connected (through a
meter) to the positive side of a battery, and
the cathode to the negative side. Electrons
being emitted by the cathode (heated by a
filament not shown) are attracted to the
plate, through the meter and battery, and
back to the cathode. As the graph shows in

Fig. 2. The schematic dia-
gram shown in (A) above is
a typical test setup circuit
for determining a triode’s
characteristic curves. One
such curve of a family of

curves is shown below (B) i B
when the voltage is fixed. o
d
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[
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figure 1B, the current increases as the voltage
increases, up to a point. The leveling off point
is where the plate is attracting all of the elec-
trons that the cathode can emit, and further
increase in voltage can no longer increase
current flow. This is known as the saturation
point for diodes, which are primarily used
for rectification and detection.

The triode. In 1906, a man named Lee
de Forest added a third element, making
tubes useful for more than just rectification
and detection. Signal amplification was now
possible. This added element was a series of
fine wires, placed between the cathode and
plate. Since the electron flow, consisting of
negative charges, had to flow between these
grid wires, the electrostatic charge on the
grid could control the flow of electrons. This
new tube with the element of fine wires,
called the control grid, was named a triode,
because it had three elements; cathode, grid
and plate.

Suppose we connect a triode tube as
shown in figure 2A. When the arms of poten-
tiometer R is at the bottom, control grid G
will have the same potential as cathode K,
and the triode will conduct like a diode.
The amount of plate current (shown on M2)
will depend on battery B2 voltage and tube
design.

If we move the wiper arm of potentiom-
eter R up, however, the grid becomes nega-
tive with respect to the cathode (due to the
polarity of battery B1) as indicated on M1.
As this occurs, the plate current will
decrease, since some of the negative electrons
moving from the cathode toward the plate

ELEMENTARY ELECTRONICS

Fig. 3. This simple diagram shows how small
changes in grid voltage causes changes in the plate
output voltage. The input signal is vsually in the
order of one volt or less in audio amplifiers. The
output signal may have swings in voltage between
peak and valley of 300 volts with gains in the 1000’s.

will be repelled by the negative electrostatic
charge on the control grid. Plotted on a
graph, the effect of grid voltage on plate cur-
rent is shown in figure 2B. Notice that, the
more negative the grid (with respect to the
cathode), the less plate current that flows.

Amplification. The amount of current
change per grid voltage change depends on
tube design and plate voltage. A 6AB4 triode
with 300 volts on the plate wili have an in-
crease of 11 milliamperes plate current with
a 2-volt change on the control grid. On the
other hand, a 6]5 triode with 300 volts on
the plate will only have a 2 milliamperes
change in plate current with a 2-volt change
on the control grid. These figures indicate
how a triode amplifies. Suppose, in the two
examples above, there is a 10,000 ohm
resistor in the plate lead of each tube. In the
6AB4, the 11 milliamperes change in plate
current would result in a change in voltage
drop across this resistor of 110 volts; in the
6J5, the 2 milliampere plate current change
would only change the voltage drop across
the resistor by 20 volts. In one case, the grid
voltage change of 2 volts was amplified 55
times (to 110 volts), and in the other case
only 10 times (to 20 volts). The difference
is due to tube design, the 6AB4 being a high
mu (high amplification factor) triode, and
the 6J5 being a low mu (low amplification
factor) triode.

Amplification can also be seen graphically
in figure 3. The small change input signal on
the control (vertical signal on the graph)
produces a change in plate current (horizon-
tal signal) that is identical in form. This plate
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current change (output signal) going through
the plate load resistor produces a larger volt-
age change than appeared on the control
grid, but having the same pattern as the grid
voltage changes.

Notice, that, to faithfully reproduce the
grid wave pattern in the plate current, there
must be limits as to how much voltage can be
placed on the grid. If we allow the grid to
swing too far negative from its starting point,
the operating curve flattens out, and there is
less change in plate current per volt change
on the grid. If the signal swings the grid too
far positive from its starting point, it may
even became positive. When this happens, it
then attracts electrons, reducing the number
going to the plate, and again the current
change per grid-volt change will be reduced.
Excessive signal inputs to grids cause this
distortion, where the pattern of plate current
change does not match the pattern of grid
voltage changes.

Bias. Notice that we related these changes
to a “starting point.” This is the voltage
(usually negative) on the control grid with-
out any signal, and is called bias. See figure
3. The signal then swings the grid voltage
(more or less negative) on either side of this
point. Even if our signal was not too large,
distortion could occur if the bias was not set
at the proper point. For example, if the bias
is set at -1 volt, and a 2-volt signal is ap-
plied, there will be distortion, since the grid
will go positive.

Bias can be obtained from a battery (as in

AVERAGE PLATE CHARACTERISTICS

PLATE
- LOAD
. s ! RESISTOR
SIGNAL
- +
e CI %&2
B~ B+

Fig. 4. Control grid bias can be obtained from
the voltage drop across plate load resistor R2.

figure 2A) or from a negative power supply,
but the most common method is by cathode
bias, illustrated in figure 4. In this case, with
no signal input and no current, the grid is the
same potential as the cathode. As soon as the
filament heats up and current starts to flow,
it flows through R2, causing a voltage drop
across it. This voltage is positive at the top
of the resistor and negative at the bottom,
due to the direction of the electron flow.
Since the grid is connected to the bottom of
R2 (through R1) and the cathode to the top
of R2, the cathode is then positive with
respect to the grid. By the same token, the
grid is then negative to the cathode, with a
bias equal to the voltage drop across R2.

An alternating input signal appearing
across R1 then changes the grid voltage in
relation to the cathode. This causes changes
in plate current, but the DC voltage across
R2 remains fixed, since the signal-induced
changes in the plate current are bypassed by
condenser C.

T
TYPE 6FHS
8. vOLTS

n
]

PLATE MILLIAMPERES

160 180
PLATE VOLTS

L
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Fig. 5. The average plate char-
acteristics for a triode tube.
Note that a curve is drawn for
several control grid voltage
potentials. This tube is best op-
erated at a bias of —1 volt at
a plate voltage of about 135.
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Fig. 6. Left-to-right: filament, cathode, grid, screen grid and plate of a smali
receiving tube shown life size. Each element fits inside the element to its right.

In diodes, increasing the plate voltage in-
creased the plate current. The same is truc
for triodes, and various changes in grid volt-
age will give different changes in plate cur-
rent at different plate voltages. Tube speci-
fications are usually shown in the form of
“Average Plate Characteristics,” similar to
figure S.

The tetrode. One of the limitations to the
amplification of triodes was feedback, due
to the capacitance between the plate and
grid. This was overcome by inserting another

Fig. 7. The average character-
istics for a typical tetrode. In
this case it is the 6CY5 vacuum
tube. Note how the curve dips
as the plate voltage is in-
creased from zero to 40 volts
when the control grid bias is
—3 volts. The solid lines indi-
cate plate current and the
dashed lines indicate screen
grid current. Curve was drawn
with 80 volts on screen grid.
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grid between the original grid and plate to
act as an electrostatic shield and reduce the
capacitance. This new grid was called a
screen grid, and since it was the fourth ele-
ment in the tube, tubes with just two grids
are called tetrodes.

Since it cannot be permitted to slow the
flow of electrons to the plate, the screen grid
carries a positive voltage only slightly lower
than the plate. It attracts electrons too, but
being a mesh, most pass through it to the
plate. See figure 6.

AVERAGE CHARACTERISTICS
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While the tetrode overcame the feedback
problem, permitting higher amplification, it
had a serious drawback. With certain combi-
nations of grid and plate voltages, there was
a serious “dip” in plate current, as seen in
figure 7. This was due to the fact that, un-
der these certain conditions, some electrons
“bounced” off the plate (secondary emis-
sion) and were attracted to the positive
screen grid. Since this meant that fewer elec-
trons flowed in the plate circuit, current was
reduced at this point, resulting in non-linear
operation.

The pentode. Ultimately. two develop-
ments overcome this problem. The beamn
power tube, though a later development,
should be covered first, since it is still the
tetrode tube. Here the problem was solved
by the physical construction shown in figure
8. Two shaped metal plates were placed at
the sides of the grid-cathode structure, and
connected to the cathode. The main plate re-
ceives the beam of electrons, and is curved.
The focussing effect of this curvature, and
the constricting effect of the beam plates
cause the secondary emission (“bouncing
electrons”) to form a “cloud” between the
ends of the beam-forming plates. Once this
“cloud” is formed, any more electrons
“bouncing” off the plate are repelled by the
like charges of the electrons in the *‘cloud”
and return to the plate. This virtually elimi-
nates the “dip” in the curves in figure 7.

The original solution to the secondary
emission problem was to add a third grid

. AVERAGE CHARACTERISTICS
. T T

BEAM

=
CONFINING I Vi
ELECTRODE l N
CATHODE f ]
GRID-

SCREEN
GRID —

¢
/

Fig. 8. The beam power tube focuses the
electron cloud and aims it at the plate.

between the screen and plate. This is known
as the suppressor grid, and made the fifth
element in tubes called pentodes. The sup-
pressor grid is connected to the cathode
(either internally or externally) and, being
negative with respect to the plate, repels any
electrons that “bounce’ off the plate.

Figure 9 shows the characteristic curves
for a typical pentode. Notice that the “dip”
evident in the tetrode curves (figure 7) has
been eliminated. Also note that the addition
of tube elements between the cathode and
grid has minimized the effect that plate
voltage has on current, as compared to the
diode and triode. Due to the increased iso-
lation of the input and output in the pentode,
very high amplification factors (as high as
2000) can be secured.

Multielement vacuum tubes. While the

TYPE 6AUS
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GRID N* 3 AND INTLRNAL SHIELD
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Fig. 9. Characteristic curves
for a typical pentode (6AU6).
Note that the dip in the curves
common to the tetrode does
not appear here. Also, plate
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Fig. 10. This machine, which installs the electron gun, removes the air and then seals the
television picture tube, is typical of automatic equipment in modern vacuum tube plants.

diode, triode, tetrode and pentode cover most
tube designs, some have even more elements.
The pentagrid and heptode tubes have addi-
tional grids which allow two signals to be fed
into the same tube and appear “mixed” in
the output from the plate. They also include
a grid which acts as a plate. It attracts elec-
trons from the cathode after they have
passed the first input grid, but being mesh
construction, permits the electrons (carry-
ing the first signal) to pass through, by the

HORIZONTAL  COATED SCREEN
FOCUSSING ANODE. DEFLECTION ;
CATHODE7 PLATES ~
GRID ANODE VERTICAL
DEFLECTION
PLATES

ELEMENTARY ELECTRONICS

second signal grid, and on to the plate.
Today most tubes are multi-purpose tubes
that have two or more sets of tube elements
in one envelope. These are often twin units
(twin diode, twin triode, etc.) or are com-
bination units, such as diode-triode, triode-
pentode, etc. Compactrons pioneered by
General Electric have three or more vacuum
tube sections in cach glass bulb. They save
space and permit one heater (or filament) to
operate two or more tube sections.

Fig. 11. A cathode ray tube of
the type used in small TV sets
and oscilloscopes. The electron
stream from the cathode is
shaped into a pencil beam by
the anodes and positioned up
and down, left and right by
the deflection plates. Where
the beam strikes the coated
screen light rays are generated.
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The odd balls. In addition to basic tube
types, there are many special types. One
common special type is the cathode-ray tube,
used in TV sets (figure 10), oscilloscopes,
radar, etc. In this tube, electrons from a
cathode arc arranged in a beam and acccler-
ated to high speed by cylindrical focussing
and acceleration anodes (or “plates”). They
pass through these cylindrical elements at
such high speed that most electrons go
through the elements and strike the inside
wall of the front of the glass envelope. This
is coated with a fluorescent material that
glows every time an electron hits it. By
varying the grid voltage, the number of elec-
trons in the beam can be varied, and the
light on the face of the tube varied.

The tube, shown in simple form in figure
11, also includes two sets of elecro-deflection
plates, which can deflect the beam up or
down, or left or right, depending on the
polarity of the voltage on the deflection
plates. For example, on the two vertical
plates, if the top plate is positive and the
bottom negative, the beam will be deflected
upward, since the positive charge attracts the
electrons, and the negative repels them. TV
tubes rely on magnetic deflection rather than
electrostatic means.

Another specialized tube in common usage
is the gascous voltage regulator. These are
diodes filled with gas or mercury vapor.
When the anode (or plate) voltage reaches
a given point, the gas ionizes (as explained
in the article on Rectification). As soon as
the gas becomes ionized, the voltage drop
across the tube tends to become constant
over a wide current range.

Once ionized the gas remains ionized at a
slightly lower voltage than required to start
ionization, due to the additional electrons
created by ionization. In the OD3 tube, ap-
proximate ionization voltage is 160 volts,
but after “starting” (or ionizing), voltage
across the tube remains constant at 150 volts,
within the operating range of 5 to 40 ma.

These tubes are used with a resistor, as
shown in figure 12. This resistor iimits the
tube to its maximum rating. With the OD3
(150 volt, 5-40 ma. regulator), and a power
supply output of 200 volts, the value of the
resistor is determined by using Ohm’s law.

R
-
POWER »
SUPPLY g
VOLTAGE ol
—
(MIN.200V) REGULATED
° OUTPUT
(150V)

Fig. 12. The voltage regulator tube is not a
vacuum tube but a gas filled tube that glows
with a weak *“neon-like” glow when on.

The difference between the power supply
voltage and regulator voltage is 200 - 150, or
50 volts. The tube can handle 40 milliam-
peres (or .04 amperes), so the value of the
resistor will be the 50 volt drop divided by
the current of .04 amperes, or 1250 ohms.
With this resistor in the circuit, and with a
200 volt power supply, the tube will draw
40 milliamperes, and have a 150 volt drop
across it.

Now suppose some current is drawn by
the load. This flows through R, which rends
to increase the drop across the resistor to
more than 50 volts, which rends to drop the
voltage across the regulator tube. The gas
then tends to ionize less, fewer “collision”
electrons are released, and current flow
through the tube decreases. The tube cur-
rent decrease offsets the load current in-
crease in R, and the drop across the resistor
remains at 50 volts, and the drop across the
tube remains at 150 volts.

The tube can respond to the “tendencies”
only up to a point; when the current in the
tube drops below 5 ma., the gas de-ionizes,
the tube stops conducting and loses control.
It is obvious that if the load draws more
than 40 ma., the drop across R will be so
great that the tube will de-ionize and lose
control.

No one article can ever hope to cover the
entire subject on vacuum tubes nor can any
one volume do a satisfactory job. If you
wish to learn more about vacuum tubes, the
Editor suggests you continue to read scien-
tific texts and magazines. Future editions of
ELEMENTARY ELECTRONICS will contain ad-
ditional information on the subject as will
RaD10-TV EXPERIMENTER —its parent mag-
azine. u
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Children's toys, two-way radios, flashlights,
transistor radios, and other electronic age
devices rely on batteries for portable power

T HE invention of the first electrochemical cell is
credited to the Italian physicist Allesandro
Volta. This noble Italian observed that an electric
current flowed between copper and zinc electrodes
when immersed in acetic acid. From this crude
beginning, the chemical “battery” has evolved to a
highly developed state, although the basic electro-
chemical principles demonstrated in Volta’s orig-
inal cell still form the basis for present day wet and
dry electrochemical cells.

The first relatively practical electrochemical cell
was developed by a Frenchman by the name of
George Leclanché in 1868. Leclanché substituted
a carbon rod for the copper positive electrode used
by Volta, and an electrolyte consisting of ammo-
nium chloride in place of the acetic acid. A “de-
polarizer” consisting of manganese dioxide (MnO.)
was placed around the positive carbon electrode.
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The first “dry cell” was produced by Dr.
Gassner in 1888. This unit consisted of a
zinc container which also served as the ceil’s
negative electrode. A central carbon elec-
trode formed the positive electrode and the
clectrolyte was absorbed in a porous material
—the complete cell being sealed off at the
top.

How Volta did it. To get a good under-
standing of just how electricity is produced
from chemical action, let’s go back to Volta’s
original zinc-copper cell, although this time,
substituting dilute sulphuric acid for his orig-
inal acetic acid electrolyte. In figure 1, we
see two strips of metal, one of copper and
the other of zinc, immersed in a dilute solu-
tion of sulphuric acid and water—called the
electrolyte.

The following is the action that takes place
betwecn the sulphuric acid (H.SO,) and the
zinc strip (Zn). In going into solution, the
sulphuric acid breaks down into its constitu-
ent atoms. Its SO, molecules accept elec-

METAL CAP

Specially formed with pro-
jecting tip to insure perfect
electrical contact between
cells. Its flanged edge sug-
ports an impregnated wash-
er to insulate the cap from
the metal cover.

EXPANSION SPACE

For expansion of cell con.
tents during use.

ZINC CAN

Negative electrode and at \

the same time the container
for the cell. When electricity
is generated, some of the
zinc is consumed by the
electrolyte chemicals.

SEPARATOR

Layer of electrolyte paste,
made of wheat flour and
cornstarch and containing
sal ammoniac and zinc chlo-
ride, the principal active in-
gredients of the electrolyie.
This layer of paste physically
separates the mix bobbin
from the zinc can but per-
mits electro-chemical action
to go on between the two.

METAL BOTTOM

E

(D) ¥3dd0D

Fig. 1.

BOTTOM INSULATOR

\

-—

LECTRON
FLOW

“SULPHURIC ACID
ELECTROLYTE

Allesandro Volta's Zn-Cu cell.

, METAL COVER

Closes the cell tightly at the
top. making it safe against
bulging and breakage.

INSULATING WASHER

SUB SEAL

— CARBON ELECTRODE

Forms the center post of the
positive element and col-
lects the current from the
bobbin, conducting it to the
metal cap. It is composed of
Eowdered carbon particles

onded together and baked
at a very high temperature.

BOBBIN

The depolarizing “mix,”
this contains manganese di-
oxide to combine with
hydrogen as it accumulates,
plus carbon to provide con-
ductivity. It also contains
some of the sal ammoniac
and zinc chloride.

COMPLETE CELL

Contained in a jacket bear.
ing a decorative label design.

Fig. 2. “'Cut away’ detail diagram of a typical flashlight dry cell.
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PLASTIC FILM WRAPPER

POSITIVE CONTACT
WITH METAL
FOIL

P

trons from the hydrogen atoms, with the
result that the sulphate molecules become
negatively charged sulphate ions and the hy-
drogen atoms become positively charged ions.
Remember, a deficiency of electrons results
in a positive ion while a surplus of electrons
produces a negative ion.

The presence of the zinc strip in the elec-
trolyte causes some of the zinc electrode to
enter the clectrolyte; these atoms readily
releasing free electrons which are deposited
on the zinc electrode. The resulting positive
zinc ions go into the electrolyte, leaving the
zinc electrode with a negative charge due to
its surplus of negatively-charged frec elec-
trons. After a short while, a point is reached
where no more ions can go into the electro-
lyte as they are attracted back to the zinc
electrode by virtue of its acquired negative
charge. Thus, a statc of equilibrium is
reached.

The chemical action between the copper
strip and electrolyte is essentially the same as
with the zinc strip, although not as intense.
While the copper electrode does develop a
negative charge, it is not as great as that de-
veloped on the zinc electrode. Since the cop-
per electrode is “less negative” than the zinc
electrode, a porential difference will be de-
veloped between the copper and zinc elec-
trodes. This potential difference amounts to
1.1 volts. This potential difference is called
the open circuit voltage for the zinc-copper
cell.

Now, let’s see what happens when we con-
nect an electrical conductor between the zinc
and copper electrodes as illustrated in Figure
1. The surplus of electrons acquired by the
zinc electrode flow through the wire con-
ductor to the less negative (positive) copper
electrode. As this occurs, more zinc dissolves
into the clectrolyte; additional positive zinc
ions are introduced into the electrolyte, driv-
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METAL FOIL
CONDUCTIVE FILM

COLLECTOR LEAD
\.__7INC ANODE

<

~SEPARATOR

Fig. 3. "Cut away” detail
drawing of a flat cathodic-
envelope dry cell. Many of
these cells are connected
in series to obtain high
voltages for portable tran-
sistor radios and many
other gadgets such as hear-
ing aids and test gear.

DEPOLARIZER
MIX CAKE

MERCURY CELL

CARBON- | Y}
ZINC CELL N, \

\ \
N
~

Fig. 4. Comparison of dry cell output volt-
ages and how they decrease under con-
stant load for equal time/work periods.
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TIME ——

ing hydrogen ions over to the less negative
copper electrode. Each hydrogen ion reach-
ing the copper electrode combines with an
electron reaching the copper electrode via
the conductor. This reaction causes hydro-
gen gas to be developed at the copper elec-
trode until the electrode becomes completely
covered with hydrogen. This effect is known
as polarization. When polarization occurs,
the hydrogen bubbles cover the copper elec-
trode surface completely. Hence, no copper
is in contact with the electrolyte, the chemi-
cal action stops, and the cell ceases to deliver
current (electron flow) to the external cir-
cuit. To depolarize a cell of this type, all you
have to do is shake the bubbles off the copper
electrode.

The Modern Day Cell. Earlier, it was
mentioned that Dr. Gassner developed the
dry cell as we know it today. Figure 2 shows
a “cut away” sketch of a flashlight cell which
is typical of the hundreds of thousands of
such units now in service. The zinc container
serves as the cell’s negative electrode, with a
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central carbon rod forming the positive ter-
minal. The cell’s electrolyte consists of a
paste of ammonium chloride and manganese
dioxides, the latter serving to take up hydro-
gen gas developed at the positive electrode
during operation of the cell. The cell is sealed
at the top to prevent leakage, or drying out,
of the electrolyte.

This type of cell will generate an open cir-
cuit voltage of just about 1.5 volts. It's inter-
esting to note that regardless of the physical
size of this type of cell, the open circuit
voliage will always be 1.5 volts. This is be-
cause the cell’s generated voltage is deter-
mined by the chemicals used in its construc-
tion, not the quantity of chemicals. How-
ever, the size of the cell does determine its
electrical capacity as we shall see a bit later
on a number of specialized forms of the
basic zinc-carbon cell have been developed
to meet specific needs.

Secondary Cells. The chemical action in
a primary cell cannot be reversed, that is,
once its electricity producing chemicals are
exhausted, they cannot be efficiently rejuven-
ated by the passage of an electric current
through the cell.

On the other hand in a “secondary” cell,
the chemical action can be reversed, the
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Fig. 5. Internal construction details of an
alkaline cell. In this cell the electrolyte is a

highly ataline (opposite of an acid) solution.

Fig. 6. “Cut away” detail diagram of a
typical button nickel-cadmium dry cell. Cell
is noted for constant (regulated) voltage out.
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PLASTIC COVER
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Fig. 7. “Cut away” detail
diagram of a cylindrical
nickel-cadmium dry cell.
Section AA reveals place-
ment of the three-piece
negative electrode and two-
piece positive electrode.

SECTION A-A

passage of current through it causing a chem-
ical reaction that restores it to its original
condition.

The most familiar example of a secondary
cell is the lead-acid storage battery which lies
under the hood of your automobile.

The positive clectrode of the lead-acid stor-
age battery consists of a grid structure coated
with porous lead peroxide (PbO,). The cell’s
negative plate is also a grid structure on
which is deposited spongy lead (Pb).

Let’s take a look at the basic electro-chemi-
cal reaction that takes place in a lead-acid
storage cell . . . first under conditions of dis-
charge (cell delivering current to load). The
sulphuric acid electrolyte is broken down into
positive hydrogen ions and negative SO, ions.
The spongy lead negative electrode dissolves
slightly in the electrolyte, forming positive
lead ions and free electrons which flow
through the negative terminal to the external
circuit. The negative sulphate ions combinc

ELEMENTARY ELECTRONICS

with the positive lead ions to form lead sul-
phate which is deposited on the negative
electrode.

The lead peroxide at the cell’s positive elec-
trode first reacts with the electrolyte to form
positive lead ions. These ions now react with
electrons rcleased by the spongy lead to form
lead sulphate which builds up on the positive
electrode.

The clectro-chemical reaction during dis-
charge of the lead-acid cell partially replaces
the sulphuric acid on the electrolyte with
water. This lowers the specific gravity of the
clectrolyte. Thus, it is important to determine
the condition of charge of this type of cell by
checking its electrolyte’s specific gravity.
This is done by means of hydrometer.

To charge a lead-acid cell, current is sent
through it in a direction opposite to its dis-
charge current. Although the electro-chemi-
cal processes involved in the recharging op-
eration are quite involved, basically what
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happens is that the chemical reactions in-
volved in the discharge of the cell are re-
versed. The lead sulphate deposited on the
positive electrode is converted back to lead
peroxide, and the negative plate is restored
to spongy lead.

The open circuit voltage of a lead-acid
storage cell is 2.1 volts.

Specialized Cells and Batteries. The
cathodic envelope battery, a modified version
of the standard carbon-zinc configuration,
has been developed for low voltage, relatively

EQUAL
PRESSURES

OUTLET

VALVE
p

SMALL CAPACITY

EQUAL
VOLTAGES

1.5

SMALL CAPACITY

Fig. 8. The voltages in both cells shown
above are the same. In this case, it is 1.5
volts. In the analogy, the valve diameter is
the same for both tanks, but the tank at the
left has a greater capacity due to its larger
size. While the water pressure will be the
same in either case as the valve opening is
similar, the larger tank can provide water flow
for a greater period. Similarly, the larger
cell, while it will produce current for a longer
period of time, will produce no additional
voltage or pressure at the terminal. Volume
is to pressure as current is to capacity.
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Fig. 9. Three tanks stacked up in a line as in
left above, will provide three times the pres-
sure. In right above, the tanks are on the
level, and the total pressure is that of one
tonk. However, there is three times as much
water, so the water will flow for a longer
time. Dry cells in series provide three times
the pressure drop or voltage. The current
remains the same as for a single cell. If the
batteries are connected in parallel, the volt-
age is the same as one cell, but current ca-
pacity is the sum of all three dry cells. Cur-
rent is to capacity as voltage is to pressure.
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high current requirements of modern semi-
ductor circuits. Figure 3 shows the construc-
tion of “Eveready” cathodic envelope cell.
Notice that this cathode is made up of two
cakes of depolarizer mix, with the zinc anode
sandwiched between them. This doubles the
cflective anode area and reduces the chemical
mix’s current density . . . the net resuit being
a much greater electro-chemical efficiency
under conditions of heavy current drain.
Another type of cell, although it is not
new, is becoming increasingly popular due to
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dry cell batteries

its high efficiency and relatively constant out-
put voltage, is the mercury cell. This type of
cell consists of a depolarizing mercuric oxide
cathode, amalgamated zinc anode, and an
electrolyte of potassium hydroxide saturates
with zincate.

The mercury cell offers the highest effi-
ciency of any primary cell, concerting be-
tween 80 per cent and 90 per cent of its ac-
tive chemicals into electrical energy.

Mercury batteries are unique in that they
provide a nearly constant output voltage dur-
ing almost their entire useful operating life.
This is in contrast with other types of primary
cells such as the zinc-carbon variety. This
fact is shown in Figure 4, which represents
the voltage versus life of a mercury cell and a
conventional zinc-carbon cell.

Since the open circuit voltage of mercury
cells remains constant approximately 1.25
volts during their life, they are often used as
a “‘poor man’s” voltage standard or reference.

The alkaline battery is a fairly recent pri-
mary cell development which offers superior
performance in application requiring high
current drain over extended periods of time.

Figure 5 shows the internal construction
of an Eveready alkaline cell. Alkaline cells
differ from conventional carbon-zinc cells in
that they make use of a highly alkaline elec-
trolyte. A high density manganese dioxide
cathode material is used in conjunction with

; AAAAAAA S

SERIES RESISTOR
(INTERNAL RESISTANCE OF THE CELL)
(SEE TEXT)

<«—ELECTRON FLOW

a steel can which serves as the cathode cur-
rent collector. A large area of metallic zinc
serves as the anode. The cell is hermetically
sealed and encased in a steel jacket. The open
circuit voltage of the alkaline cell is 1.5 volts.

The nickel-cadmium cell, while used exten-
sively in Europe for’many years, has only
recently become popular here in the U. S.
While these are like lead-acid storage cells
in that they are “secondary” cells and may be
recharged, they offer none of the disadvan-
tages of the lead-acid cell such as the con-
stant addition of water and the problem of
leakage.

Figure 6 illustrates a button nickel-cad-
mium cell, while Figure 7 shows a cylindrical
nickel-cadmium cell. In its charged condi-
tion, a nickel-cadmium’s positive electrode is
nickel hydroxide and its negative electrode
is metallic cadmium. The electrolyte is po-
tassium hydroxide. The open circuit voltage
of a nickel-cadmium cell is 1.2 volts.

Voltage. Once again it is worth while
mentioning that the physical size of a given
type of cell has no bearing on its output
voltage. The size does, however determine
the cell’s capaciry, or the overall quantity of
electricity which it can deliver. See figure 8.
Although both liquid tanks provide the same
pressure, the tank on the left holds a greater
quantity of water than the tank on the right,
and thus can supply water for a greater
length of time. By the same token, so can the
large dry cell shown on the left deliver cur-
rent over a longer period of time.

Cells may be connected in series to increase
the total available voitage . . . the voltage

(Continued on page 126)
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Fig. 10. Diagram shows how a cell's internal resistance limits current flow.
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basic test

Every experimenter should have some basic
test equipment and know how to use them

EST EQUIPMENT is used for obtaining go-
Tno-go and quantitative information. It
can be extremely simple or highly complex,
cheap or expensive. In the early days of elec-
tronics, there were but few pieces of test
equipment available. Much of it was de-
signed for use by electricitans. The basic
essential was a voltmeter with which voltage,
current and resistance could be measured.

GO-NO-GO Testers. One of the simplest
£0-no-go testers 1s a buzzer test set consist-
ing of two No, 6 dry cells and an ordinary
house buzzer, connected as shown in Figure
1. This is a continuity tester. When the test
leads are applied to a circuit, the buzzer
sounds if the circuit is closed and does not
sound if the circuit is open. Its use is limited
to very low resistance devices and circuits
since insufficient current will flow to make
the buzzer sound if the resistance of the cir-
cuit being tested is too high. It's very handy
for testing cables and tracing wires.

A neon lamp voltage tester is a handy
gadget. It can be used to detect the presence

ELEMENTARY ELECTRONICS

Only you can best determine
what test equipment must be
on your workbench. If audio
is your forte, your test gear
may consist of a VOM, VIVM,
AC VTVM, oscilloscope, and
avdio signal generator. If ham
radio is your call, a grid dip-
per, RF signal generator, and
SWR bridge will be a bit more
practical. In any phase of elec-
tronics, test instruments are
necessary for doing a good job
while tinkering at your hobby.

By Leo G. Sands
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Fig. 1. The continuity checker shown above
is an inexpensive testing device for checking
wire shorts and opens in long hidden cables.

of AC or DC voitage and to determine
whether the voltage is AC or DC. It can
also be used for determining if a chassis is
hot with respect to ground and for identify-
ing the grounded side of the AC power line.
It consists of a tiny neon lamp with a resistor
connected in series with it to limit the cur-
rent through the lamp. The value of the re-
sistor depends upon the type of lamp used.
These testers usually sell for a dollar or so
and are available in almost every hardware
store.

The neon lamp will not light until the volt-
age being tested is in excess of about 70 volts.
Hence, when used to check voltages in elec-
tronic equipment, you will know that the
voltage is more than about 70 volts if the
lamp glows and by its brilliance you can,
with some experience, determine if the volt-
age is around 115 volts or much higher. If
the voltage is DC, only one half of the lamp
will light up (glow around one of its plates),
and if it is AC, the entire lamp will light
up (glow around both plates).

To find out if a chassis is hot with respect
to ground, connect one of the test leads to
the chassis and the other to a wire lcading to
an carth ground (water pipe, radiator, etc.).
To determine which side of the AC power

TEST
NEON LAMP LEADS
et

RESISTOR

Fig. 2. A neon bulb with series resistor makes
an excellent line voltage checker. Use an NE-
51 bulb with 200,000-0hm V,-watt resistor.

_ & R
MA AAA—

VOLTAGE —dote
BEING —
MEASURED T

Fig. 3. Simplified DC voltmeter circuit.

line is grounded, touch one test lead to the
screw holding the plate of the electric outlet
and push the other test lead into one of the
outlet slots, then the other. The side of the
power line that is not grounded is the one
that makes the lamp light. This will work
only when the outlet box is grounded, which
it should be.

Voltmeters. There are several kinds of
voltmeters. The most widely used type con-
sists of a DC milliammeter and a series re-
sistance, as shown in Figure 3. The meter
actually measures the current flowing
through the series resistance, which is rela-
tive to the voltage applied to the circuit. The
meter scale can be calibrated in volts. The
maximum range of the voltmeter is deter-
mined by the value of the series resistor. For
example, if the meter is a 0-1 DC milliam-
meter, and the resistor has a value of 1000
ohms, the voltmeter will indicate “17, its full-
scalc point, when the measured voltage is one
volt. However, we have not taken into ac-
count the internal resistance of the meter.
If it is 100 ohms, the meter will actually
read 0.909 instead of 1. Therefore, the series
resistor should have a value of 900 ohms.
Thus, the total circuit resistance is 1000 ohms
and the current through it with one volt ap-
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Fig. 4. DC voltmeter with three ranges.

TEST
o LEADS

R2 RI

Fig. 6. A multi-range DC milliammeter.

plied is 0.001 ampere, which is one milliam-
pere. The meter will read | at the full-scale
point.

The accuracy of such a voltmeter depends
upon the meter and the resistor. Most panel
meters are rated at | percent or 2 percent ac-
curacy, but at full-scale only, some are only
accurate to 5 percent. In some cases, the
meter is rated at being of certain accuracy
at all points along its scale in terms of per-
centage of full-scale deflection. Ordinary
carbon resistors have values within 20 per-
cent of their rating and more expensive types
are rated at 10 percent and 5 percent. There
are also precision resistors accurate to better
than | percent.

If the meter is accurate to 2 percent and
the resistor is within 1 percent of its rated
value, the total error could be as much as
3 percent. It could be less if the meter read
2 percent high and the resistor were 1 per-
cent higher than rated value.

In the example given, the milliammeter is
used as a 0-1 D C volumeter and it is not
necessary to recalibrate the meter scale since
the indications are correct for volts or mil-
liamperes.

By changing the resistor value to 10,000
ohms less 100 ohms, or 9900 ohms, to allow

ELEMENTARY ELECTRONICS

Ri

X

SHUNT

PLATE
VOLTAGE

Fig. 5. A milliammeter with shunt resistor
measuring plate current. Shunt bypasses most
of plate’s current so meter is not overloaded.

for the internal resistance of the meter, full-
scale meter indication will be obtained when
the measured voltage is 10 volts. Hence, we
now have a 0-10 DC voltmeter. If we change
the resistor to 99,900 ohms, we have a 0-100
DC voltmeter, and so on. By providing a
switch (S1) for selecting various series re-
sistors, as shown in Figure 4, we have a
multi-range voltmeter.

Many DC voltmeters employ a more sen-
sitive meter, such as a 0-50 DC microam-
meter. The series resistor must be of a higher
value than when a 0-1 DC milliammeter is
used. Not allowing for internal meter re-
sistance, the series resistor is calculated on
the basis of 20,000 ohms per volt. For full-
scale reading with one volt applied, the re-
sistor value is 20,000 ohms, 200,000 ohms
for 10 volts, and so on.

Current meters. The same basic DC meter
can be used for measuring current. Obvious-
ly, a 0-1 DC milliammeter will read full scale
when one milliampere flows through its coil.
But, if we shunt a resistor across the meter
terminals, as shown in Figure 5, part of the
current flows through the meter and part
through the shunt resistor. If the internal
meter resistance is 100 ohms and the shunt
resistor also has a value of 100 ohms, the
range of the meter will be doubled. The
range can be further increased by reducing
the value of the shunt resistor. A multi-range
milliammeter can be formed by using a se-
lector switch, as shown in Figure 6, to select
various values of shunt resistors.

When measuring voltage, the meter is con-
nected across the voltage to be measured
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Fig. 7. The DC voltmeter shown simplified
as a meter and series resistor connected to
an external circuit of much lower resistance.
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Fig. 8. Diagram (A) above shows a milliammeter with series

battery used as an ohmmeter.

Diagram (B) shows a modified

ohmmeter circuit useful for measuring low resistance values.

through a series resistor. But, when measur-
ing current, the meter is inserted in series
with the circuit as shown in Figure 5 which
shows how tube plate current can be meas-
ured. The circuit is broken at X and the
meter is then in the circuit.

Current can also be measured by deter-
mining the voltage drop across a resistor
which is in series with the circuit being me-
tered and calculating the current value. As
shown in Figure 7, we are trying to measure
the current flowing through R1 and R2,
which are in series. and through which the
same value of current flows. If it is known
that R1 is 90 ohms and R2 is 10 ohms, and
the meter rcads 0.9 when R3, the meter series
multiplier resistor has a value of 10,000
ohms, we also know that there is a 9-volt
drop across R2. Since current in amperes
is equal to E/R (voltage divided by resist-
ance), we can calculate that the current is
0.9 ampere since 9 divided by 10 equals 0.9.

Resistance meters. The same basic DC
meter can also be used to measure ohms by
using the circuit shown in Figure 8A. If the
battery voltage is 1.5 volts, we will require
1500 ohms of series resistance in the circuit
to obtain full-scale deflection on a 0-1 DC
milliammeter when the test lead terminals

are short-circuited. If the internal resistance
of the meter is 100 ohms, we need 1400
ohms more resistance. We can make Rl a
1200-ohm resistor and R2 a 300-ohm rheo-
stat. With the test lecad terminals shorted,
R2 is adjusted until the meter indicates full-
scale deflection before going further; R2 is
the zero adjust control, which makes up for
drop in battery voltage and error in R1.

Now, if we connect a 3000-ohm resistor
across the test lcad terminals, the meter will
recad 0.33 milliamperes (0.00033 amperes)
since the total circuit resistance is 4500
ohms. Hence, the meter scale can be cali-
brated directly in ohms.

Another ohmmeter circuit is given in Fig-
urc 8B. This circuit is used for measuring
very low values of resistance. Here, Rl and
R2 have the same values as in Figure 7, but
the test leads are connected across the meter.
When the leads are shorted, the meter will
read zero, and when they are open, the meter
will indicate full scale. But, if the leads are
connected across a 100-ohm resistor, the me-
ter will read 0.5 milliamperes since half the
current flows through the meter coil and half
through the resistance being measured. The
smaller the value of the resistor being meas-
ured, the lower the meter reading, just op-

SUMMER 1964



CR

TEST
LEADS

Fig. 9.

Rectifier makes DC circuit go AC.

Fig. 11. Full-wave bridge rectifies AC.

posite to the effect obtained when using the
circuit shown in Figure 7.

AC Voltmeters. The same basic meter
can be used to measure AC voltage. If we
add a diode rectifier to the circuit shown in
Figure 3, as now illustrated in Figure 9, the
meter will read DC voltage when the positive
terminal of the measured voltage is applied
to the test lead connected to the anode of the
diode and the series resistor. If we reverse
the test leads so that the negative side of the
circuit is connected to the anode of the diode,
the meter will indicate zero since the diode
blocks passage of current. But, if we apply
an AC voltage to the circuit, the diode rec-
tifiiles the AC and DC flows through the
meter, and it doesn’t matter which way the
test leads are connected.

A more commonly used circuit is shown in
Figure 10. Here, two diodes are used, one in
series with the meter circuit and the other
shunted across the meter coil. The second
diode shunts off any negative voltage that
might leak through the first diode. As in a
DC voltmeter circuit, series resistor R deter-
mines the full-scale range of the meter.

Still another AC voltmeter circuit is shown
in Figure 11. Here, four diodes are used in a
full-wave bridge rectifier circuit.

ELEMENTARY ELECTRONICS

TEST
LEADS

Figs. 12 and 13. Shown above is the Pre-
cision 120 VOM. Below is the Knight-Kit
volt-ohmmeter that is available in kit form.
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TEST

LEADS R

pA

R2 - +
—||

— i l+
|

Fig. 14. A basic single-ended vacuum tube
voltmeter circuit—R2 provides meter zero set.
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Fig. 15. A balanced VIVM circuit using two
vacuum tubes. With no input signal, plate
voltages are equal and meter reads zero.

Volt-ohm-milliammeters. The most wide-
ly used piece of test equipment is a volt-ohm-
milliammeter, known in the trade as a VOM.
It combines all of the functions described
above in a single instrument. The instru-
ments shown in Figures 12 and 13 are typi-
cal. The one in Figure 13 employs a basic
DC microammeter with several scales. The
top scale is calibrated in ohms for measuring

Fig. 16. Once considered "lab equipment
only,” the VIVM such as the Heath IM-11
shown above is now a workbench must item.

resistance. The second scale is calibrated in
DC volts in three full-scale ranges, 0-12, 0-60
and 0-300. The third scale is calibrated in
AC volts in the same ranges as DC, but the
scale marking are slightly offset from the DC
markings.

The fourth scale is also calibrated in AC
volts, 0-3 on the top of the scale and 0-1.2
on the bottom of the scale. The two bottom
scales are calibrated in decibels (db) and are
used for making audio level measurements,
which can be simultaneously read also in
terms of AC volts.

Vacuum tube voltmeters. A DC milliam-
meter or DC microammeter is used in vacu-
um tube voltmeters, as in multi-meters, ex-
cept they are preceded by a vacuum tube
amplifier. In the circuit shown in Figure
14, the meter is connected in series with the
plate of the tube and indicates plate current.
By adjusting bias control R2, we can set the
negative grid voltage to a value that will
cause the plate current to cut off and the
meter to read zero. Then, if we apply a DC
voltage to the test leads which are shunted
by R1, the voltage applied across R1 will be
in series with the bias voltage fed in from R2.
If the voltage at the grid end of R1 is posi-
tive, the bias on the tube will be reduced and
the tube will conduct and the meter will
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Fig. 17. Voltage divider resistors provide
rapid and accurate VIVM range selection.

indicate the value of plate current flowing.
The higher the measured voltage, the higher
the meter reading. The circuit is not linear
and it is necessary to calibrate the meter scale
against a known voltage reference source.

A more popular basic VIVM (vacuum
tube voltmeter) circuit is given in Figure 15.
Two tubes are used in a balanced circuit
with the meter connected from one tube plate
to the other. The meter reads zero when
both tubes draw the same plate current and
when potentiometer R1 is set so that the
plate load resistances (R2 and R3 included)
are equal. R2 can be adjusted for zero meter
reading when there is no test voltage across
the test lead terminals and R4. The tubes
are biased by cathode resistors R5 and R6.

When a positive voltage is applied to the
grid end of R4, VI draws more current than
V2 and the voltage at the plate of VI is
smaller than the voltage at the plate of V2,
causing the meter to deflect. The higher the
test voltage, the greater the circuit unbalance
and, hence, the greater the meter reading.

Potentiometer R1 can be set so that the
meter normally rests at mid-scale. Thus,
when a negative voltage is applied to the grid
end of R4, the meter needle moves from
its mid-scale position. The needle moves in
the opposite direction when the input voltage

ELEMENTARY ELECTRONICS
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Fig. 18. Diagram shows a VIVM connected to
a circuit for voltoge measurement. Extreme
high internal resistance of the VIVM does
not change circuit parameters during testing.
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Fig. 19. Typical diode circuit used by VIVM
to rectify AC voltages that'll be measured.

is positive. Hence, it is easy to denote
whether the measured voltage is positive or
negative.

The full-scale range of a VITVM (Figure
16) can be made variable by providing a
voltage divider at its input as shown in
Figure 17. By means of setector switch S1
it is possible to tap the voltage divider at
various points. The resistance values could
be so selected as to provide 0-10 volt fuli-
scale reading when set to position 1, 0-100 at
position 2 and 0-1000 at position 3.

The big advantage of a VIVM over a
conventional voltmeter is that it has only a
slight loading effect on the circuit being
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metered. For instance, when a voltmeter is
used to measure the voltage at the plate of a
tube, as shown in Fig. 18, the voltage drops
when the meter is connected and the true
normal voltage is not indicated. If the volt-
meter is of the type shown in Figure 3, using
a 0-1 DC milliammeter and a 100,000-ohm
series resistance, the meter will indicate a
much lower voltage than is actually there
when the meter is not connected across the
circuit. The meter load is the same as add-
ing the shunt resistor R, shown connected in
dotted lines, from plate to ground. If the
meter is a 0-50 DC microammeter, the load-
ing effect will be only 5 percent as severe
since the meter and its series resistor for
0-100 volt full-scale reading will represent a
load of two megohms. But, the input re-
sistance of a vacuum tube voltmeter is usual-
ly in the order of several megohms and has
but slight loading effect on the circuit.

AC vacuum tube voltmeters. Some vac-
uum tube voltmeters are designed for DC or
AC measurements only, while some can be
uscd for measuring either. All that is neces-
sary to convert a DC VTVM for AC meas-
urements is to add a rectifier at the input.

A basic circuit is given in Figure 19, which
shows an input voltage divider for range
selection and a shunt diode rectifier. When
the applied AC voltage swings negative, cur-
rent flows through the diode to ground and
capacitor C is charged in the indicated po-
larity. When the AC voltage swings positive,
the diode no longer conducts since it is
reverse-biased and the positive charge in Cl
is applied to the grid of the tube in the instru-
ment.

Oscilloscopes. The most useful piece of
test equipment in many respects is the oscil-
loscope. You can measure voltage, current,
power and other quantities with it and you
can observe the waveform of electrical volt-
ages and currents. An oscilloscope employs
a cathode ray tube, somewhat similar to a
television picture tube or radar display tube.
Its cathode squirts a narrow stream of elec-
trons toward a screen which glows when the
electrons strike it. The electron stream can
be swung so that it scans the screen from
left to right in a straight line at a fast rate,
extinguishing its beam during the return trip
from right to left. This is done by applying
a sawlooth wave signal to its horizontal de-
flection plates. Then, if a signal voltage is
applied to its vertical deflection plates, the
spot on the screen can be made to vary up
or down.

There are so many applications for an
osciiloscope that it would require an entire
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Fig. 20. Block diagram of a Heath oscilloscope using electrostatic deflection.
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Fig. 22. The signal gen-
erator is the test instrument
most often neglected by the
experimenter. No matter
what your hobby interest
area is, there's a signal
generator designed to meet
your special needs. The
unit at right is a Lafayette
TE-23 sine wave and square
wave generator useful for
avdio and high fidelity.

ELEMENTARY ELECTRONICS

Fig. 21. The advanced ex-
perimenter who works on
elaborate and critical proj-
ects will find the oscillo-
scope a valuable piece of
test gear. The 'scope (such
as the Tektronix Type 321
at left) lets you look at
waveforms as they occur in
the operating circuit. Mod-
ern units are compact and
easy to tote from job to job.

Fig. 23. There are a host
of specialized test instru-
ments designed to be used
in limited applications but
occur repeatedly in certain
professions and hobby
areas. The Seco Model GVT-
9 grid circuit tube tester
checks for vacuum tube grid
emission, leakage, shorts
and gas. This easy to op-
erate test gear is carried by
repair men on service calls.
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book to describe them. Scopes can be bought
in kit or ready-made form at prices ranging
from about $45 to several thousand dollars.
A scope contains a sawtooth timing genera-
tor, vertical and horizontal amplifiers and, of
course, a power supply, as shown in Figure
20. Most employ tubes throughout, but the
one shown in Figure 21 employs transistors
and can be operated from batteries, making
it useful in the field as well as on the bench.
Signal generator. Another valuable in-
strument for the experimenter is a signal gen-
erator, but what kind? There are so many.
It depends upon whether you're working with
audio or RF and how high in frequency.
For audio work there is a wide selection
of audio signal generators, sometimes called
audio oscillators. You can get a single-fre-
quency unit that operates at 1000 cycles only
for a few dollars from one of the big mail
order houses, or you can pay several hundred
dollars for a lab-type instrument. One that
is extremely useful is the Lafayette TE-23
(Figure 22) which puts out ecither a sine
wave or a square wave signal at any fre-
quency from 5 cycles to one megacycle,
spanning all of the audio range as well as RF
up to the middle of the AM broadcast band.
A signal generator is simply an oscillator
which can be tuned over a broad range of
frequencies and whose output signal level can
be varied. An audio signal generator is often
used for making amplifier frequency response
measurements and for signal tracing. RF sig-
nal generators are mainly used for producing
a reference signal at a desired frequency
when aligning the circuits of a radio receiver.
Tube testers. To test vacuum tubes you
either need your own tube tester or access
to a do-it-yourself tester at the neighborhood
super market or drug store. The kind of tube
tester you need depends upon what you plan
to use it for. The simple two or three dollar
tube testers that are sold by mail are not
really tube testers. All they do is check tube
heater or filament continuity. in the next
higher price bracket are the emission type
testers which will tell you whether a tube is
totally defunct, very tired or apparently still
useful. In an emission tester, the tube heater
is operated at normal temperature and the
total cathode current is measured when an

AC or DC voltage is applied to all of the
elements.

More critical tests can be made with a
iransconductance or mutual dynamic con-
ductance type tube tester which operates the
tube at somewhat near its actual operating
conditions and measures the change in plate
current when a small voltage change takes
place at the grid. There are more knobs to
set and a reading other than “good, fair or
replace” can be obtained. But, they cost
more than emission type testers.

Some are equipped with a grid emission
test feature which is important when check-
ing certain tubes used in TV and CB sets as
well as mobile radio equipment. Separate
grid emission testers, such as the one shown
in Figure 23, are also available. They do not
check tube merit, but instead check inter-
clement leakage and grid emission, which is
a common failing of some types of tubes,
even brand new ones.

The best test for a tube, however, is the
substitution method. When checking ampli-
fiers, for example, feed a square wave signal
into the amplifier and monitor the amplifier
output with a scope. Then, replace each
tube, one-at-a-time, and note if there is any
difference in the shape or amplitude of the
output waveform. Or when checking a radio
receiver or hi-fi tuner, feed a very small RF
signal into the antenna connector and meter
the AVC voltage in an AM set or limiter
voltage in an FM set (witha VTVM) and try
new tubes, one-at-a-time, and note any in-
crease in metered voltage.

What to buy and where to buy it. All
radio parts stores sell test equipment normal-
ly used for servicing or by experimenters.
Laboratory-grade test equipment is usually
sold directly from the factory to the user
through manufacturers’ representatives. The
electronics mail order catalogs list many
kinds and makes of test equipment and will
give you an idea of what’s available.

Test equipment is available in kit form
too from several sources including Allied,
Heath and Eico. Whether to assemble your
own or to buy rcady-made equipment de-
pends mainly upon which is worth more to
you, time or money. The kit type equipment
is good. Lots of it is in use in laboratories
by engineers whose employers can usually
afford to buy ready-made equipment. The
important thing is to obtain and use test
equipment. You can never fully understand
the VOM, VTVM, signal generator, oscillo-
scope and tube testers unless you use them. &
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THE fascination of ham radio lies in the fact that it is the most
personal, most international and most technical of ali hobbies.
Imagine the thrill of sitting in your own home and talking directly
to strangers in practically all corners of the world! They may be
strangers initially, but very quickly you are on first-name terms with
them. Many gratifying, life-long friendships have developed among
people who would never have the chance otherwise to exchange ideas
and sentiments. And because the hobby attracts women as well as
men, it is not unusual to hear of romances that have grown out of
casual contacts over the air.

You must understand right off that the expressions “ham radio”
for the activity and “hams’ for the participants are perfectly respect-
able. The more formal terms are “amateur radio” and “amateur oper-
ators,” but these appear mostly in government publications and are
never used by hams themselves.

By Robert Hertzberg, W2D]J

Hom Radio—a world-wide hobby

combines electronics with the magic of radio

ELEMENTARY ELECTRONICS 77
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What docs it take to be a ham? United
States citizenship and a little know-how,
that’s all. Newcomers are always pleased to
learn that there’s no age limit in either di-
rection, and they are surprised to learn that
boys and girls as young as 10 have no diffi-
culty in qualifying for the government li-
censes that are required by international law.
In most cases these youngsters are trained
by their parents, grandparents or great-
grandparents, some of whom may be hams
with more than half a century of experience!

The government encourages the hobby,
because hams have made many notable con-
tributions to the art of electronic communi-
cation. In fact, they are directly responsible
for the development of short-wave radio as
we know it today.

The FCC and Hams. The control of ham
operations is one of the functions of the
Federal Communications Commission. In
radio circles this tongue-twister is invariably
shortened to “FCC.” The main office is in
Washington, but the paper work involved in
the processing of hundreds of thousands of
licenses of many kinds is done in Gettysburg,
Penna.

While Uncle Sam looks kindly on hams,
he expects them to obey the strict laws that
have been laid down for all radio communi-
cation. Newcomers and old-timers alike will

Well known on just about
every ham band is Dr. Har-
old Riker, K2JHA. Here he
is seen in his well equipped
basement “shack.” While
the major part of “Doc's"
activity is on the 10 through
80 meter ham bands (see
equipment at left), he is a
familiar operator to New
York area 2 meter hams
(the 2 meter rig is at his
elbow in this photo). Even
though his schedule as a
physician keeps him going
at a hectic pace, “Doc”
nevertheless always seems
to be able to find a few
hours per week of “‘ham-
ming" time where he can
relax with the many good
ham friends he has made.

Robert Gunderson, W2J10, is really a remark-
able fellow. Blind since birth, Bob builds all
of gear used at his ham station and teaches
ham radio to many other blind persons.
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find it to their advantage to read and study
Part 97 of the Rules and Regulations of the

FCC, entitled “Amateur Radio Service.”
This is not available as a separate document,
but is combined with Part 95, *‘Citizens Ra-
dio Service,” and Part 99, “Disaster Com-
munications Service,” to form “Volume VI~
of the Rules and Regulations. In loose-leaf
form for insertion in a standard three-ring
binder, Volume VI is sold only on a sub-
scription basis, with amendments mailed out
as they are adopted. The price is $1.25.
Order this from the Superintendent of Docu-
ments, Government Printing Office, Wash-
ington 25, D. C,, not from the FCC. How-
ever, the FCC itself will send you, free of
charge, a general-information bulletin en-
titled “Amateur Radio Service” which is
worth having. Address your request to
the Federal Communications Commission,
Washington, D. C., 20554, and write your
name and address clearly.

Definition. An “amateur” is a person who
engages in a game, sport or other activity
just for the love of it, and not for pay. It
follows, then, that amateur radio stations
must not handle messages for material com-
pensation, direct or indirect, paid or prom-
ised. Furthermore, they must not transmit
music or engage in broadcasting of any kind.
Hams communicate with each other individ-

ELEMENTARY ELECTRONICS

Bil Harrison, W2AVA, didn’t have
enough room for his Collins rig under
the dash of his Caddy so he mounted
it behnd the driver's seat. While this
may, at first look impractical, Bil can
operate (and even change frequency)
without having to turn around. His
ham license plate {these are available
in most states) gives his installation
and car a special note of distinction.

ually, either by voice or by the dot-and-dash
characters of the International Morse Code.
Voice transmission is usually referred to as
“phone,” and code transmission as “CW.”
These letters are short for ‘“‘continuous
waves.” When two operators are in commu-
nication, they are said to be “working.”

Certain forms of one-way ham transmis-
sion are not considered “broadcasting” by
the FCC and are therefore permissible.
They are:

1) Emergency messages, including emer-
gency practice drills.

2) Bulletins consisting solely of matter of
direct interest to hams.

3) Net-type operations wherein three or
more stations are in communication, each
station taking a turn at transmitting while
the others listen. These nets are known
popularly as “round robins.”

4) Code-practice transmissions intended
for persons learning the code or improving
their speed.

Types of Ham Licenses. There are six dis-
tinct kinds of ham licenses, or “tickets.” Of
these, four are of immediate interest to new-
comers to the game.

General Class. This is the ticket most
would-be hams aim for, because it carries
the most operating privileges. With it, you
can work freely in a dozen or more fre-
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The antenna systems at many
ham stations are just as intricate
as the transmitting and receiving

aear. At right we see an arrange-
ment whereby the operator has
set up directional “beams’ for
operation on several different
ham bands. Below we see an-
other approach, that of omni-
directional vertical antennas for
different bands on one tower.
While these antenna systems are
great for operating ease and

efficiency, many operators ‘‘get
out” very well using any of sev-
eral types of inexpensive home-
made ‘‘long wire' antennas.

quency bands, use phone, CW, radioteletype
and even television, and run on the maxi-
mum power of 1,000 watts. A General
ticket is good for five yecars and is renewable
repeatedly without re-examination. The fil-
ing fee, payable to the FCC, is $4.00.

The requirements for a General license
are simple. You must appear in person at
an FCC office and take a two-part test. The
first is the code, which you must be able to
transcribe at the rate of 65 characters per
minute. This is equivalent to 13 words of
five letters each. You wear earphones and
hear clear tone signals sent by an automatic
keyer. The transmission lasts five minutes,
but you don’t have to copy all of it; you

s b

————

pass if you copy any one-minute section of
it free of errors. If your paper doesn’t sat-
isfy the examiner (who is probably a ham
himself and is happy to see you get through),
you are finished for the day. Your $4.00 fee
is not returned, but you can return yourself
after 30 days, pay another fee, and try again.

Suppose you pass the receiving test.
About half a million applicants have, so why
shouldn’t you? The examiner will then ask
you to send a few words to him just to prove
that you know how to use a telegraph key;
it is not likely that you'll lose out here. This
over, he’ll hand you the written part of the
test. Actually, this involves very little writ-
ing, as the questions are of the multiple-
choice-answer type. They deal with amateur
radio apparatus and operation and with the
provisions of treaties, statutes and rules and
rcgulations affecting amateur stations and
operators. The passing grade is 74 per cent.

The examiner will check your answers
immediately and tell you if you made it or
not. If you pass, you merely thank him and
depart. Your ticket is not issued here. Your
papers are sent to Gettysburg, and the license
is mailed to you from there. You can expect
a delay of several weeks. The ticket will
bear the call letters assigned to you and an
endorsement showing General Class privi-
leges.

The permanent offices of the FCC are
listed in the free bulletin mentioned earlier,
and temporary examination points are set
up in more remote areas several times a
year; these are listed in ham magazines and
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various other radio periodicals. You are not
limited to taking the exam in the office near-
est your home. Regardless of where you
live, you can go to any of them. By mail or
telephone, just make sure that the one you
select is open and ready for applicants on
the day you want to appear.

Conditional Class. This is a mail-order
version of the General, carries the same full
operating privileges, and is available under
one or more of the following conditions:

1. The applicant’s actual residence and
proposed station location are more than 75
miles airline from either a permanent or
temporary FCC office where examinations
are given.

2. The applicant is physically disabled,
cannot travel, and can show a physician’s
certificate to this effect. Special provisions
are made for the blind.

3. The applicant is shown by certificate

Every grade of ham li-
cense exam requires that
the prospective operator
know how to send and
receive code (CW). Tran-
sistorized code practice
oscillators, such as this
one by Knight, are in-
valuable aids to learn-
ing. Usually, instructions
for how to learn CW are
included with the unit.

ELEMENTARY ELECTRONICS

This assortment of parts as-
sembles into a muitimeter,
or ‘“‘circuit analyzer,” as it
is sometimes called. It per-
mits the ham to have the
functions of several types
of test instruments in a sin-
gle enclosure. These meters
are avoilable from a num-
ber of manufacturers (this
one is by EICO) in kit or
wired form. Assembling a
kit of this type takes a few
hours but has the advan-
tage of relatively low cost.
In addition, the kit building
venture is both fun and ex-
perience for new hams.

from his commanding officer to be in the
armed forces of the United States and for
that reason is unable to appear in person at
an FCC office.

4. The applicant is living for a continu-
ous period of at least 12 months outside the
continental limits of the United States, its
territories Or possessions.

The Conditional exam is exactly the same
as the General, but is conducted by a volun-
tary examiner sclected by the applicant. He
or she must be at least 21 years old and the
holder of a current General, Advanced or
Extra Grade amateur licensc or of a Com-
mercial class radiotelegraph license, or he
can be a U. S. Government radiotelegraph
operator.

Here is the routine to follow to save time.
When your code speed is up to about 10
words per minute, address a letter to the
Federal Communications Commission, Get-
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This is a Knight volt-ohm-meter which was
constructed from a kit in only a few hours.
The “VOM” measures AC/DC volts, current
and resistance, just about a must for any
ham operator who likes to build or fix gear.

tysburg, Penna., 17325, and simply ask for
a Form 610; say nothing else. While waiting
for it to arrive, practice more code, and when
you’ve hit about 15 wpm ask your friend to
give you the code test. Since you'll take this
in familiar surroundings and not in a strange
office, you'll probably pass readily. Now,
within 10 days of this test, again write to
Gettysburg. Send the Form 610, carefully
filled in; a check for $4.00 payable to the
FCC; and a written request signed by the
voluntary examiner for the written part of
the Conditional exam. This latter request
must also include the full names and ad-
dresses of both you and the examiner, a de-
scription of his qualifications (that is, class
and date of license, or government identifi-
cation), and a statement from him that you
passed the code at 13 words per minute.

Gettysburg will send all the necessary pa-
pers to the examiner, not to you. He will
administer the test but not grade it, and re-
turn all papers to Gettysburg. If you passed
OK, your notification will be in the form of
your ticket. If you failed, you can lry again
in thirty days.

Novice Class. This is a rather easy ticket

to obtain. The required code speed is only
5 words per minute, and the written is so
simple you can guess at most of the answers.
As it is intended primarily to get youngsters
started in the game, it is good only for one
year and cannot be renewed. At the end of
this period the holder is expected to have
enough knowledge to qualify for a higher
license. He does nor have to serve out the
full year of apprenticeship, but can take a
test for the higher license any time he wants.

Novice operating privileges are restricted.
Maximum transmitter power is 75 watts.
Voice transmission may be used only be-
tween 145 and 147 megacycles (“2 me-
ters”); CW may be used here too. On the
other bands CW is limited between 3700
and 3750 kilocycles (“80 meters”); 7150 to
7200 kilocycles (“40 meters”); and 21.10 to
21.25 megacycles (“15 meters”). This isn’t
as bad as it sounds; the 15- and 40-meter
bands offer many opportunities for long-dis-
tance (“DX”) working. All Novice trans-
mitters must be crystal-controlled.

No matter where you live, you must take
the Novice test with a voluntary examiner,
as described for the Conditional, with the
important difference that there is no filing
fee. Local FCC offices do not handle any
aspect of this class of license.

Technician Class. This too is strictly a
mail-order ticket. The examination is con-
ducted by a volunteer exactly as with the
Conditional, down to the $4.00 filing fee.

The Technician requirements are odd in
that the code test is at the 5 wpm rate of the
Novice exam, while the written part is iden-
tical with that of the General/Conditional.
This license is good for five years and is
rencwable repeatedly, like the latter two.
However, operating privileges aren’t as good
as those available to Novices. Technicians
may use the 145-147 and 50-54 megacycle
bands (“2” and “6” meters), which are ef-
fective usually only for local communica-
tion, and all bands from 220 megacycles
and up. The latter, from the amateur stand-
point, are relatively unexplored.

It should be mentioned that the Novice
and Technician frequency assignments are
not exclusive. Generals and Conditionals
may use al/l ham bands.

Advanced Class. An obsolete designation.
Years ago the ticket carried certain extra
phone privileges, but these are available now
to all Generals and Conditionals. No new
examinations for this ticket are given.

Amateur Extra Class. There are two ways
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If you can acquire the habit of repairing your
own ham gear you can really learn some *‘be-
hind the scenes’” aspects of electronics which
are seldom discussed in textbooks. Fixing a
complex receiver is a theory course in itself!

of qualifying for this license:

1. Be the holder for at lcast two years of
a current General or Conditional, and show
proof that you had a valid ham ticket during
or prior to April, 1917, when the United
States entered World War 1 and shut down
all private radio operation. Because no ad-
ditiona} examination is required or additional
operating privileges allowed, this “grand-
father ticket” is largely of sentimental value.

2. Apply in person at an FCC office,
take a very stiff test that includes the code
at 20 words per minute and a written dealing
with highly advanced theory and operation.
Usual $4.00 filing fee. So obtained, an Ama-
teur Extra Class ticket is a document of
honor and not merely a tribute to a man’s
longevity, but it still carries no extra oper-
ating privileges.

There are very few Amateur Extras in
circulation, because only a very few sur-
vivors of the World War I period still retain
licenses. Younger men, although well qual-
ified technically, see no point in spending
the required time on the examination.

Upgrading a License. The Conditional and
the Technician are provisional licenses, and
the Novice is definitely a temporary one.
Holders can upgrade themselves at any time
by arranging to visit an FCC office and qual-
ifying for a General. For a scrious ham such
a trip is a good investment, because a Gen-
eral license is good for the holder’s lifetime.

Getting Started. Because no license of any
kind is nceded for short-wave reception, a
receiver should be a would-be ham’s first
purchase. 1 recommend buying a factory-
made set, rather than attempting to build

ELEMENTARY ELECTRONICS

A high powered transmitter is always a help
in working DX stations, but if you can’t work
’em then you can't hear 'em. That's why
there’s never been a ‘‘good’ DX'er without a
good receiver, such as this Hammarlund.

one either from a kit or from the raw com-
ponents. For a beginner, the alignment of
a modern superheterodyne is a rather diffi-
cult joh, especially if he does not have a
signal generator and certain other gear,
which he is not likely to have if he is a be-
ginner. A reliable receiver puts its owner
immediately into the swing of things. It
brings him not only code practice but also
live conversations between active hams; it
familiarizes him with both CW and phone
operating procedures; it teaches him the local
and DX characteristics of the popular bands.
So prepared, he will go on the air with as-
surance and skill when his license arrives.

Receivers range in price all the way from
below $60 to over $600. How do you make
a sensible choice? First, you should know
that there are two types of short-wave re-
ceivers. The first is the “all-wave.” In its
more or less standard form it tunes from
about 30 megacycles all the way up through
the regular AM broadcast band, in several
switch-selected stages. Provision is made for
spreading out either the ham bands alone or
any desired section of any band, to make
tuning easier. On the main dial an entire
ham band might occupy only five or eight
degrees on an 180-degree scale, whereas on
the bandspread dial it is expanded to cover
half or more of a similar scale.

The second type of set is the “ham bands
only,” and its name pretty well describes it.
It is usually more sensitive, more selective
and more stable (and, naturally, more ex-
pensive) than an all-wave model, and it
spreads the ham bands over very large scales
of ecither circular or linear design. Most
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receivers of this type tune only the 10-, 15-,
20-, 40- and 80-meter bands, with a little
runover at each edge.

For a modest start, I recommend an all-
wave set in the vicinity of $150. This will
be fine for your first station, and it will con-
tinue to serve usefully as an auxiliary re-
ceiver when you eventually enlarge your
radio “shack” (as all hams call their sta-
tions) and buy more elaborate equipment.

For receiving, any outdoor wire works
satisfactorily. In some locations, 25 or 35
feet of wire merely stretched along the floor
brings in more stations than you can count.

Most medium-price all-wave sets have
built-in loud speakers. Since a steady output
of CW and phone signals might annoy other
members of the family who haven’t been
bitten by the ham bug, it is advisable to use
earphones most of the time.

Receivers, transmitters and all manner of
accessories are shown in manutacturers” and
dealers’ catalogs, which you can obtain for
the asking.

Construction Experience. The ham who
buys his equipment ready-made and assem-
bles it without recourse even to a soldering
iron not only misses much of the fun of the
hobby but also deprives himself of valuable
and essential construction experience. For-
tunately, you can acquire this electronic
know-how without having a complete work-
shop at your disposal: work from kits. You
need only a modest collection of common
hand tools and a small table on which to
work.

I recommend three inexpensive projects
for the beginner:

1. A code-practice oscillator employing
transistors. This is an easy one-evening job,
and you can put the completed unit to use
immediately.

2. A multi-purpose meter that measures
resistance and AC and DC voltages. This
is without question the most versatile of all
electronic testing instruments, and is abso-
lutely indispensable in any shack. Two types
are in general use: the vacuum tube volt-
meter (“VIVM”), and the volt-ohm-meter
(“VOM”). The VIVM is the more popular
because it cannot be burned out accidentally
and because it does not disturb sensitive cir-
cuits to which it is connected. It is essen-
tially a bench or shack item because it works
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Made especially for the Novice ham, this low
cost (about $70) Lafayette communications
receiver offers good solid reception without
some of the high priced fancy operating frills
desired by “old timers.” It comes wired.

on 115 volts AC. The VOM, which is self-
contained and therefore portable, is handier
for outside applications. Many hams pro-
vide themselves with one meter of each type.

3. A low-power transmitter. You don't
need an FCC license to buy or build this;
you need it only to put it on the air. Any-
way, by the time you finish it you will prob-
ably have your ticket. By “low power” I
mean a rating of 50 or 60 watts. This is
comfortably within the 75-watt limit for
Novice operation, yet quite adequate for
both local and DX communication by Gen-
erals and Novices alike.

The lowest price transmitters are for CW
only. To them can be added, later, “modu-
lators” for phone operation. However, if
you obtain a General or Conditional license
youwll certainly want to try phone as well as
CW right away, so a better purchase is a
transmitter that includes both facilities. The
difference in cost is reasonable.

With the experience of the first two proj-
ects to your credit, you will sail through the
transmitter assembly and wiring without
hitch.

All transmitter kits include tubes, but not
quartz crystals or key, and not usually a
microphone. Crystals are available by the
thousands and are quite cheap. You don’t
have to buy a key, because you can use the
one from the code-practice set. The price
range of microphones (“mikes”) is so great
as to be confusing. For a first mike, set a
price limit of about ten dollars and you'll do
very well.
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Antennas for transmission are a subject
in themselves. and are treated later.

Special Coverage Equipment. The receivers
and transmitters under discussion so far are
all designed for 10 through 80 meters, the
bands best suited for DX. For 2 and 6 me-
ters, which are the special provinces of Nov-
ices and Technicians (but open as well to
Generals and Conditionals), the usual prac-
tice is to employ entirely separate equipment.
There are some combination 2-and-6 units,
and many individual sets for one band or
the other. There are also frequency con-
verters that permit 10-through-80 meter sets
to work on 2 and 6 meters, but they tend to
be expensive and requirc rather bothersome
switching of antenna lcads.

The 2- and 6-meter bands are basically for
short-distance work, normally to perhaps 35
or 50 miles. However, under frcak meteoro-
logical conditions, particularly temperature
inversions, there are sometimes startling two-
way contacts up to hundreds and even thou-
sands of miles.

Learning the Code. Because all license
tests start with the code, you must make up
your mind early that you will learn it. This
determination is half the battle.

With the aid of the code-practice oscillator
you can teach yourselt how to send and to
recognize the difference between a short
“peep” for a dot and a longer one for a dash.
With the aid of the receiver, you can hear
actual sending from thousands of stations;
better, you can tune in the timed practice

ELEMENTARY ELECTRONICS

While the transmitter
shown here is technically a
“kit,”” the chassis comes
fully punched and formed,
a great time and effort
saver. A number of “big"”
ham kits are further simpli-
fied because they are fur-
nished with prepared print-
ed circuit boards which
need only to be secured
onto the chassis and then
hooked into the circuitry
with only a few solder con-
nections. These kit building
innovations are something
relatively new for hams
and are included in many
of the kits supplied by
Knight, EICO, Heath, Inter-
national Crystal, E. F. John-
son and other kit makers.

messages broadcast by WIAW, the head-
quarters station of the American Radio Re-
lay League, in Newington, Conn. The
schedule of this station is published monthly
in the League’s official organ, QST.

The combinations of dots and dashes that
form the lctters of the alphabet and the
numbers are purely arbitrary. The only way
to learn them is to keep repeating them over
and over until you can recognize them with-
out thinking. Give yourself small but fre-
quent practice sessions. Fifteen or thirty
minutes every evening shouldn’t bore or tire
you. If you can maintain this routine reli-
giously you'll find yourself up to five words
per minute at the end of a week. From
there on, only practice will raise your speed.

Most hams tackle the code all by them-
sclves, for the simple reason that they don’t
have friends or family members who want to
fearn with them. If you can find another
interested person, try working with him (or
her!) a few times. If your learning rates are
about the same, fine. If they are markedly
difTerent, the faster man may become impa-
tient with the other, and the partnership will
soon break up.

Only an utter moron or an unprepared
individual can flunk the five word speed re-
quired of Novices. The 13 word speed for
the General and Conditional is admittedly
more difficult. The smart thing to do, before
attemping the tests for these tickets, is to
work yourself up to about 15; this gives you
a small margin for nervousness, which aftlicts
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most people when they take examinations.

Antennas for Transmitting. For the most
efficient radiation of energy into space, a
transmitting antenna should be approxi-
mately a half wavelength long for the oper-
ating frequency. For 10 meters the length
is thus 5 meters, or about 16'2 feet; for 20
meters, about 33 feet. Straight, simple wires
work quite well, and hams using them even
with low-power transmitters enjoy many
DX contacts.

Called “doublets” or *halfwaves,” the
wires are usually cut in the exact center, and
the two ends thus formed are supported
physically by an insulator and connected
electrically to coaxial cable. The latter func-
tions only as a transmission line to carry
energy from the transmitter to the antenna;
if it is properly connected it radiates little or
no energy on its own account. All present-
day ham transmitters are designed to use
coax as the “pipe line” to the exposed an-
tenna.

Beginners like the halfwave because it is
cheap, easy to put up, and virtually foolproof
in operation. A disadvantage is that it is
good for only a single band. However, some
long wires can be made to work not only on
their fundamental bands (the length in me-
ters multiplied by two), but also on har-
monics, which are electrical fractions of the
length. The tuning process for multi-band
operation is a bit tricky.

Multi-band antennas are most practical
when the number of bands to be covered is
kept to two or three. The most popular
combination by far is 10, 15 and 20 meters.
The effectiveness of such an antenna is
greatly increased by the addition of a “re-
flector” wire behind it and a “director” in
front of it. This arrangement acts very much
like a searchlight, and tends to concentrate
or “beam” much of the radiated energy in
one direction. Aluminum tubing rather than
ordinary wire 1s used for beam antennas be-
cause the three elements can be supported
conveniently on a horizontal pole and the
whole assembly then aimed in any direction
by a motor drive or “rotator.”

The three-element beam for 10, 15 and
20 meters is the most widely used of all ham
antennas, probably because these happen to
be the most active DX bands.

There are dozens of variations to beam
construction. Some beams use only a single
reftector behind the radiator element; others
have two, three or more reflectors and as
many directors; still others consist of sev-
eral identical beams mounted one above the
other, or “stacked.” The limiting factor in
ham antenna construction is merely physical
size and weight.

The greater the number of elements in a
beam, the greater the beaming effect. This
is equivalent to an increase in the strength
of the signal in the aimed direction, at the
expense of a considerable reduction in all
other directions.

Beams for 40 and 80 meters are not gen-
erally practical because of their mere dimen-
sions; also, the beaming effect is much less
marked at these relatively long wavelengths
than at 10, 15 and 20. Going in the other
direction, we find that beams for 2 and 6
meters are small, light and easy to construct
and erect, and are highly directional. The
elements for 2 meters are only a little more
than a yard long!

Beams and horizontal wires need roof and
backyard space. Where this is limited, hams
resort to vertical antennas! These take the
form of a stiff aluminum tube, usually un-
guyed and fitted with an adjustable loading
coil at its base; or of a slender lattice-work
tower. Such verticals do not have the power-
increase of beams, but hams using them
manage to push their signals into every cor-
ner of the globe.

Mobile Operation. The only equipment
limitation under a ham license is on power:
75 watts for Novices, 1,000 watts for Gen-
eral and Conditionals, and a variable figure
on certain special frequencies for various
licensees. You can use as many transmitters
as you like, not only in your home shack
but also in your car, boat, airplane or other
vehicle. This “mobile” operation is almost
a hobby in itself. It represents an interesting
technical challenge because space for equip-
ment is tight, power is limited, and the an-
tenna must be very short. None of these
restrictions seems to bother mobile enthu-
siasts. With 50 watts and a five-foot antenna,
they rack up almost as much DX from the
driver’s scat as they do with 500 watts and
a 50-foot beam at home!

Many hams who live in apartment houses
don’t even have home shacks, but fix up
mobile rigs that make the front of their cars
look like the control cabin of a Buck Roger’s
space ship. ]

SUMMER 1964



getting started in

ic YOU ever cnvy the fellow with the

radio telephone in his car? Did you
ever think how convenient it would be for
you to have your own private and personal
two-way radio telephone system—suitable
for instant communications with your home,
office, factory, store, or with any of about
500,000 other radio telephone units located
throughout the United States?

Today, keeping in line with the “instant”
trend of the 1960's (instant coffee, credit,
and cocoa), the Federal Communications
Commission has thoughtfully come up with
a relatively new radio service, the Citizens
Radio Service, which adds “instant commu-
nication” to the list,

How instamt? Well, it's as simple as walk-
ing into a store, buying a set, taking it home,
connecting an antenna similar to a TV aerial,
plugging the set in and pushing a button.
That’s all there is to it—oh, yes, therc is &

By Robert Hertzberg, 2W4922

The Citizens Radio Serv-
ice (better known as CB
_for “Citizens Band}-can
fill your business com-
monications wants. The
radio link between .your
office and the salesman,
dispatcher, fork truck op-
erator, trucker, service-

man, ‘and. even your
home offers a business
convenience that will in-
crease sales, service, and
" profit besides increasing
good will and making
your business” and per-

ELEMENTARY ELECTRONICS

Join up with over 500,000
CB’ers in the nation’s largest
two-way radio service. Whether
your needs are on land, sea, or
air, CB radio will be the answer
to your short-range, two-way,
radio communications needs.
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By far the favorite spot for a CB transceiver
is under the dashboard of your business or
family automobile. Designers are making
units smaller so not to snag the Mrs. stockings.

Part 15 receivers operate in the Citizen Band
and can be used by Dad as part of his CB
network if type approved. When used in
one service do not talk to other services.

CB goes to sea. Above right the skipper of
o boot can keep in contact with his shore
station or with nearby boats (upper left).

license required, but you don’t have to take
a test to get it. All you need be is a U. S.
citizen eighteen years of age or older.

History of the CB service. The Citizens
Radio Service (CB) actually was originated
way back in 1947 on the 460 megacycle
band. At that time, there was very little
public interest in the band becausc equip-
ment was difficult to design, even more diffi-
cult to get to work, and just about impossible
to sell.

Well, that was “it” for CB for many years.
It lay a dormant service on the FCC’s rec-
ords. There it stayed until 1958, when the
FCC, took the so-called “11-meter” band
away from the Amateur Radio Service
(*hams™), because it more or less duplicated
anything that could be done on the adjacent
10-meter band, and assigned it instead to the
sull-existent but dormant Citizens Radio
Service. This band was given the designation
Class “D,” to distinguish it from the original
Ciass “A” and Class “B” bands in the 460-
megacycle region, and from the Class “C”
band which is also on 27 megacycles but used
only for the remote control of model air-
planes, garage doors and similar devices.
The FCC allotted 23 specific frequencies
between 26.965 and 27.255 megacycles for
two-way voice communication with a maxi-
mum transmitter power of 5 watts.

The Class D CB service. This time, radio
manufacturers and prospective users of the
service reacted in an entirely different man-
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Knight-Kit
KG-4000

Transceiver

The Sampson Model CB1A complete station
is shown below. From left to right; receiver,
loudspeaker and S-meter and transmitter.

ner than in 1947. Hams had been using low
power on 27 megacycles for years. Circuits
for both transmission and reception has
reached a high state of performance and re-
liability. Antennas of all kinds were already
available. The characteristics of the band
were well known. Virtually overnight, the
market was swamped with inexpensive gear,
the FCC was swamped with license applica-
tions, and the 27-megacycle band was
swamped with chatter.

In fact, the band was swamped with too
much chatter that didn’t belong therc at all.
The FCC had (and still has) a major head-
ache in explaining to legitimate users of the
service that the 23 channels are like so many
party-line telephones, open to all to use.

Permissible communications. It is un-
questionably (and unfortunately) true that
the no-test aspect of the CB license attracted
many people who wanted to go on the air

Hallicrafters CB-3A transceiver

Lafayette HB-222 transceiver

ELEMENTARY ELECTRONICS

with no technical preparation whatsoever,
not for nccessary personal business or pur-
poses but solely for their own amusement.
The FCC apparently did not expect this de-
velopment. After all, even the easy-to-get
Novice ham ticket offers far betier operat-
ing privileges than the CB license. In this
connection, the Commission issued a state-
ment entitled “Permissible Communications
in the Citizens Radio Service,” with which all
present and prospective license holders should
be familiar. (The full CB requircments are
laid down in “Part 95,” a section of the Rules
and Regulations of the FCC.) Here arc a
few pertinent quotes:

“The Citizens Radio Service is for private
short-distance radio communications between
units of the same station or other stations
licensed in the service, limited to the mini-
mum practicable transmission time.

“The FCC License Application Form 505
must show specifically in connection with
what business or othcr activity radio is to
be used and the purpose and manner of such
use. It must be remembered that stations in
this service are licensed to fulfill a definite
need for communications connection with
business or personal activities.
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“The Commission’s monitoring stations
are continuing to detect violations of the
Citizens Radio Service rules and are issuing
large numbers of citations to licensees. The
violations cited fall mainly into two large
groups: off-frequency operation and the use
of siations for communications which are not
permissible under the rules.

“Most citations for improper use result
from the mistaken belief that the Citizens
Radio Service is similar to the Amateur Ra-
dio Service with respect to permissible com-
munications and that certain amateur-type
communications (such as calling CQ, con-
tacting distant stations, radio experimenta-
tion, etc.) are permitted. Nothing is further
from the truth.

“It seems likely that the former associa-
tion of the CB frequencies with the Amateur
Radio Service is partly responsible for the
misunderstandings regarding the use of Class
D stations. However, persons desiring to
pursue radio communications as a hobby
should refer to Part 12 of the Commission’s
rules and should apply for a license in the
Amateur Radio Service.

“Don’t put your Citizens Radio transmit-
ter on the air unless you have a message you
need to send.”

CB equipment. Virtually all CB units
are combination transmitters-receivers
(“transceivers”), with a minimum number
of controls to make operation as easy as or-
dinary telephoning for non-technical users.
Transmitter frequency must be crystal-con-
trolled within close limits to minimize adja-
cent-channel interterence.

In the lowest price sets, the transmitter
section works only on one selected frequency,
while the receiver section uses a manually
tuned super-regenerative circuit that is very
simple but generally has very poor selectivity.
In better sets, the transmitter offers a choice
of channels, from 2 all the way to 23, and
the receiver is a highly selective superhetero-
dyne. Virtually all worthwhile CB sets are of
this type. The same circuit elements are used
interchangeably for both transmission and
reception. No tuning on the part of the user
is required; he merely turns a selector knob
to the channel he wants and adjusts the vol-
ume control.

Since the usefulness of CB lies mainly in
mobile-to-base and mobile-to-mobile applica-
tions, most sets are made thin and flat so
that they can be mounted readily under the
dashboard of a car, within easy reach of the
driver. Loudspeakers are built in. The mi-
crophones are fitted with thumb switches for
push-to-talk, release-to-listen operation.

Many units have universal power supplies
which work equally well on 6 or 12 volts in
a car and 115 volts AC in an office or home.
The car antenna is a “whip,” about eight
feet long. For fixed stations the most com-
mon antenna is the “ground plane,” a vertical
rod with four horizontal radial rods at the
base. In remote areas many CB users install
beam antennas, exactly like those in the ham
service, to stretch their communications cov-
erage.

The five-watt power limit was adopted to
make CB coverage purely local; that is,
normal communications are limited to per-
haps five or ten miles, depending on terrain.
However, because of the well-recognized
“skip effect” of short waves, there is some-
times bedlam on all the CB channels as sta-
tions across the country pour in without
invitation. The first time he hears this sort
of thing, a CB user becomes indignant, but
he soon becomes accustomed to it.

Getting a license. The license for Class
“D” operation is test-free, but nevertheless
it is still required. To obtain the necessary
application Form 505, address a request to
the FCC, Gettysburg, Penn., 17325. When
you return this form, carefully and fully com-
pleted, include a check for $8.00 made out
to the Federal Communications Commission;
this is the filing fee prescribed by law.

In addition to Class “D,” the FCC au-
thorizes another CB service which does not
require a license of any kind. There are sev-
eral catches to it. The transmitter power is
limited to 100 milliwatts (one tenth of a
watt) and the antenna length to four feet.
Furthermore, users of these flea-power units
may talk only to each other, and not to li-
censed CB-ers. There is nothing to prevent
the latter from using low power if they want
to. This service is known as “Part 15> CB.

Many of the license-free *“‘walkie-talkies”
that have come on the market actually use
less than 100 milliwatts, and are hardly more
than toys. The better ones have a range of
perhaps a mile or so under favorable condi-
tions, and they find important applications
among policemen, firemen, construction
workers, etc. B
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putting
together a

hi-fi

system

It takes much more than just plugging in audio
cables and connecting antenna and speaker leads
to assemble your home entertainment music center.

Walk into any high
fidelity salon and
you'll see walls
lined with shelves
displaying exotic
components . . . turn-
tables, amplifiers,

tuners, receivers,
changers, preamps,
tape. decks, mikes,
and speaker systems,
What should you buy?
This article may
solve your problem.

—John Potter Shields

ELEMENTARY ELECTRONICS

EVER since the early days of high fidelity 'way back
around 1948, the music lover has been faced
with the problem of getting the best audio quality for
his dollar . . . in a reasonably attractive package to
boot. Hi-fi equipment manufacturers have done a
creditable job of approaching these objectives, so that
now, the audio neophite has an almost overwhelming
selection of hi-fi components and completely assem-
bled systems from which to choose.

In the following pages, we’re going to cover a
number of practical tips that will aid the beginner
audiophile in the selection of a high fidelity system as
well as looking at the overall component and com-
pletely assembled system picture.

91



92

hi-fi system

Store-Bought Console or Components? This
is a question which has plagued the begin-
ning audiophile ever since the early days of
monophonic hi-fii. The completely assem-
bled hi-fi units, with all components, such as
amplifier, speaker(s), tuner, etc. mounted
in a cabinet, offer the purchaser considerable
convenience as the unit is all set to “plug in
and play.” Since all components are housed
in one cabinet, rather than a number of in-
dividual components which by their very
nature don’t harmonize with home decor,
the housewife is much more likely to be
more receptive to having this unit hold a
prominent spot in the living room.

On the other side of the fence, a “com-
ponent system” almost without exception
offers the most hi-fi per dollar when com-
pared with the completely packaged units.
The major reason for this is that the pur-
chase dollar goes almost entirely for the com-
ponents . . . about the only “cabinetry”
being involved is perhaps an amplifier or
tuner cover.

Component hi-fi is becoming more accept-
able for other reasons besides price. Manu-
facturers have made available a wide variety
of attractive cabinets to house the various
system components. Modern hi-fi compo-
nents, such as tuners, amplifiers, ctc. are so
designed as to be most easily connected and
interconnected by the novice, and a number
of excellent hi-fi componcnts are available
in kit form. Kit manufacturcrs have done a
creditable job of instruction preparation so
that the person with almost no cxperience
can turn out an cxcellent job. A point not to
be overlooked with kit construction is that a
considerable dollar saving is possible as the
kit builder is performing all the labor. An-
other point in favor of kits is that the builder
acquires knowledge of the kit by its con-
struction . . . this knowledge may bc later
put to good use in servicing the unit.

Selecting the Right Components. Whether
you elect to build from Kkits or start with
assembled components, the most important
task is to choose those components which
best meet your own specific needs. Do you
plan a “built in” installation with all com-
ponents installed in the wall? Are separate
speaker enclosures going to be used or do

you want everything in a single cabinet? Can
the components be “out in the open” or must
they be enclosed for appearance sake? Are
you going to have a monophonic or stereo-
phonic installation? The answers to these
questions will decide to a large extent the
type of an arrangement of the hi-fi com-
ponents.

Speakers and Speaker Systems. The speak-
er, or speaker system, is one of three major
components of your hi-fi system, and is re-
sponsible for converting applied electrical
signals into corresponding sound vibrations.

Individual speakers suitable for hi-fi instal-
lations range in diameters from 8 inches to
15 inches (special low frequency speakers
are available in sizes up to 30 inches in
diameter). Price tags range from around ten
dollars for an inexpensive 8 inch speaker to
onc hundred dollars or more for a quality
15 incher. Several representative quality
single-cone speakers are shown in Figure I.

The coaxial speaker is very popular as it
provides extended frequency response by use
of a tweeter (high frequency speaker)
mounted centrally within the frame of the
larger woofer (low frequency speaker) as
illustrated in Figure 2. Coaxial speakers are
available in diameters ranging from 8 inches
upwards to 15 inches and carry price tags
anywhere from about twenty dollars to one
hundred dollars or more.

The coaxial speaker is an excellent choice
for “upgrading” that older single cone speak-
er system with a minimum of effort. All that
is generally necessary is to unbolt the old
single cone speaker, slide it out and slip in
the coaxial speaker. The wide choice of
coaxial speaker diameters makes possible
their district physical substitution in most
cases. The only thing to watch is that the
voice coil impedance of the coaxial speaker
be the same as that of the unit being re-
placed. This should cause no difficulty as
just about all speakers manufactured for the
last twenty years have voice coil impedance
of cither 4, 8 or 16 ohms. The coaxial speak-
er is known as a “two way” system as two
scparate spcakers are used.

The tweeter speaker may often be
mounted separately from the woofer rather
than coaxially with it. A “three-way” system
results when a third, mid frequency range,
speaker is added to a woofer and tweeter. At
this point, you may ask: won’t the frequency
responses of a woofer and tweeter overlap
enough to cover the mid-frequency range?
While the answer is yes, the addition of a
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Fig. 1. Single-cone speakers can be designed
to cover the entire useful audio range.

Fig. 2. The most popular speaker type in
single speaker systems is the ‘‘co-axial.”

-

>

e

third speaker to handle the mid-range tre-
quencies means that the woofer and tweeter
can take a “smaller bite” of the overall fre-
quency range. This results in less overall
speaker system distortion.

The woofer, tweeter and mid-range speak-
ers must be fed only those frequencies which
they are intended to handle . . . low fre-
quencies only to the woofer, high frequen-

ELEMENTARY ELECTRONICS
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Fig. 3. High frequency
tweeters boost the highs
in speaker systems where
large single-cone units
are used to reproduce
the low audio sounds.

\
)/

cies only to the tweeter, etc. The task of
directing the right range of frequencies to
the right speaker is accomplished by a device
called a “dividing network.” Figure 3 shows
a horn type tweeter with its dividing network.
The level control shown in this photo is
used to control the amount of signal fed to
the tweeter.

The speakers talked about so far are good
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choices for mounting in an existing speaker
enclosure, in the wall, or in conjunction with
other hi-fi components in an “equipment
cabinets” as pictured in Figure 4. Another
approach which is becoming increasingly
popular with the advent of stereo are the new
“compact” speaker systems. Figure 5 illus-
trates two such speaker systems which are
sufficiently small to solve the problem of how
to blend two speaker systems into existing
room decor. These diminutive speaker sys-
tems achieve their excellent sound reproduc-
tion qualities by the use of specially designed
woofers which are capable of reproducing
low frequencies with low distortion without
relying on specialized enclosure designs such
as the bass reflex or folded horn. Time was
when the sound quality of a speaker system,
particularly at the bass end, was almost in
direct proportion to its physical rise. As a
result, the audio buff was forced to have a
large, coffin-like box in one corner of the
living room to get really good sound repro-
duction . . . worse, two for stereo. It's casy

Fig. 4B. This unique instal-
lation boasts a Sherwood
amplifier and tuner, Gar-
rard type-A changer with
a Shure cartridge and a
pair of James. B. Lansing
D47LE8 speaker systems.
Unused space under chang-
er can be used to tack on a
tape recorder at a later
date. As is, the entire high
fidelity system costs $1000.

i

Fig. 4A. With the doors open, this system
displays its H. H. Scott, Sony and Rek-O-Kut
components. Grille hides one of two speakers.
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Fig. 4E. This custom system
consists of all Allied and
Knight-Kit components.
From left to right on equip-
ment shelf: professional
turntable and tone arm, re-
cord amplifier, transistor-
ized stereo amplifier and
receiver with clock, and
finally a pair of KN-4000
tape decks. Cost less wood
cabinet—$790.

ELEMENTARY ELECTRONICS

Fig. 4C. A perfect home entertainment center
combining hi-fi and TV. System consists of
Fisher PM-stereo receiver, Garrard type-A
changer, Sony tape recorder and twe J. B.
Lansing speaker systems. TV is a 21" unit.

Fig. 4D. This unusual built-in high fidelity
system sports Sherwood components and a
Garrard changer. AR-3 speaker system is
hidden behind grille at top of cabinet with
mating speaker located elsewhere in room.
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to see why these new speaker system “com-
pacts™ have become so popular.

Amplifiers and Preamplifiers. Amplifiers
and preamps are next on our list of hi-fi
components. As in the case of speakers, am-
plifiers come in a variety of sizes and shapes
to suit almost any conceivable installation.
Before going any further, let’s list the basic
amplifier/preamp requirements;, then ex-
amine each in turn.

1. Monophonic or stereophonic

2. Required power output

3. Number and type of operating controls

4. Tube or transistor

In selecting your hi-fi amplifier, the first
choice is, of course, whether you want a
mono or stereo system. If you should de-

.cide to start with a monophonic system, it's a

good idea to do so with an eye toward stereco
conversion at a later date. By doing this,
needless duplication of components at a later
date can often be avoided, or at least mini-
mized. For example, if the components are
going to be housed in an equipment cabinet,
a cabinet can be chosen which has provisions
for the mounting of two speakers . . . only
one speaker being installed at this time for
the monophontc system. Another good idea
is to sclect a stereo phono cartridge . . .
its two stereo outputs can be tied together
to form an excellent monophonic cartridge.

Several factors must be taken into consid-
cration when deciding the required amplifier
power output. Of these, the most important
is the type of speaker(s) which you plan to
use. The modern ‘*‘acoustic suspension”
speaker system, variations of which are being
offered by several manufacturers, require a
power input of 20 to 30 watts due to their
relative inefficiency. This inefficiency how-
ever should not be misconstrued as a weak-
ness as the inefficiency is traded for extended
low frequency response, low distortion, and
small cabinet size . . . more than a fair
trade. Thus, if you plan to use this type of
speaker, your amplifier should be capable of
providing 20 to 30 watts output at low dis-
tortion. This poses no great problem these
days as reasonably priced amplifiers, both
vacuum tube and transistor, are available
with power outputs in cxcess of 40 watts
each channel.

You’'ll notice that we haven't mentioned
frequency response or distortion in our list
of amplifier criteria. The reason for this is
that just about all modern amplifiers possess
more than adequate frequency response and
distortion characteristics. Just for the record
however, any amplifier worth its hi-fi salt
should have a power response rating of at
least 30 to 20,000 cycles per second. Distor-
tion ratings should be under 2% for both
harmonic and intermodulation, (harmonic
distortion is usually stated at 1000 cycles per
second).

Next, we come to the subject of amplifier
controls. Here again, most amplifiers nowa-
days offer the full range of operating con-
trols, including volume (sometimes called
loudness), individual bass and treble tone
controls, and a complete array of input and
output switching facilities. As a consequence,
the choice is mainly that of operating con-
venience. One manufacturer has come up
with a novel approach to the problem of un-
intentional movement of those “set once and
forget” controls such as speaker phasing,
input level, etc. by placing these controls be-
hind decorative front panel trim as illus-
trated in Figure 7. This neatly minimizes the
chance of unauthorized fingers flipping the
speaker phase switch or a level control which
could cause much headscratching as to the
“unexplainable” change in sound quality.

Finally, we come to the matter of whether
to choose an amplifier using tubes or transis-
tors. There has been much written of late
about the relative mecrits of both tube and
transistor approaches. Generally speaking,
on an equal dollar basis, vacuum tube ampli-
fiers appear to be the best bet at this time
from a power output and distortion stand-
point. Quality transistor electronics don’t
come cheaply—wideband power transistors
are still relatively expensive and a greater
number of transistors than vacuum tubes are
required to perform the same amplifier cir-
cuit functions. Also, due to their rather deli-
cate nature electrically, transistors require a
number of built-in protective circuits that are
unnecessary with tubes. Many early attempts
to market all transistor amplifiers were dis-
appointing due to both improper circuit de-
sign and inadequate circuit protection.

On the plus side, a well designed transis-
tor amplifier such as the unit pictured in
Figure 8, can boast a number of advantages
that cannot be obtained from even the best
vacuum tube unit. Since transistors have no
heaters to burn out, as do vacuum tubes,
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Fig. 5. Bookshelf type speaker systems can be stood on 2nd and used as end takles.

their life, under proper operating conditions
is many, many times that of vacuum tubes.
Transistors mean much cooler amplifier op-
eration due to the absence of heat generated
by the heated cathodes of vacuum tubes. A
side advantage of transistor operation not
mentioned too frequently, is that longer com-
ponent life may be expected due to their
much cooler operating environment.

Other significant transistor amplifier ad-
vantages include freedom from microphonics
(a condition peculiar with vacuum tubes in
which they are clectrically sensitive to me-
chanical vibration), and climination of the
output transformer (a necessity with vacuum
tube circuits). The direct coupling between
speaker and amplifier output stage, practical
only with transistors has resulted in signifi-
cantly improved transient response and over-
load characteristics providing a cleaner
sound which some have come to call “tran-
sistor sound.” Here again though, care must
be taken in choosing the transistor amplifier;
wired or kit as that “ditlerent transistor

ELEMENTARY ELECTRONICS

Fig. 6. The Electro-Voize ‘‘Regency 4CD"
speaker system is typital of the many gcod
units available at high-fidelity saloms.
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sound” may be a result of excessive har-
monic distortion . . . particularly at low
output levels. Many early circuits were
plagued with this problem so carefully check
the distortion figures at all power levels be-
fore making your purchase.

The following points should be kept in
mind when purchasing a transistor amplifier
. . . either kit or wired.

1. Amount of distortion at all power out-

put levels.

2. Power output (IHFM ratings are a
good standard to judge by rather than
“peak power” or “music power” which
can be misleading.

3. Frequency response at rated power
output.

4. Circuit protection devices . . . a pow-
er-line fuse is generally not considered
fast enough to protect the output stage
power transistors in the case of acci-
dentally shorted speaker terminals.
This is a most important point and
should be clarified before the purchase
of any transistor amplifier, as if not
well protected, a momentary shorted
speaker terminal or lecad can mecan
by-by to expensive power transistors,
one, or more likely a handful.

5. Price . . . beware the “bargain priced”
transistor amplifier wired or kit. As
we said carlier, considerably more

components are involved in transistor

circuitry, these of course, costing
money.
Record Changers, Turntables, and Car-

tridges. As in the case of amplifiers, there
are several points to consider before pur-
chasing cither a record changer or manual
turntable.

1. Personal convenience

2. Mono or stereo

3. Type of cartridge

The most important point in deciding be-
tween a changer or manual turntable is con-
venience. Are you the kind who likes to
stack up a number of records for “back-
ground music” for an entire evening, or do
you find the “mechanism” of a changer just
getting in the way when playing a single
record? There are a number of excellent
changers on the market, with price tags
ranging from around $30, upwards to $80
or more, and arc available nowadays in
speeds ranging from 1633 RPM through 78
RPM. Turntables are a bit more expensive,
prices starting in the neighborhood of $50,
going upwards to around $1,000 or more for
professional units. Before making your
selection on convenience and price alone,
let’'s weigh some of the other factors.

An important consideration in the choice
of either a changer or turntable is whether
you are planning a monophonic or stereo
system. As you probably know, a mono
record groove is laterally modulated . . .
that is the playback stylus moves from side
to side as it tracks the record. On the other
hand, a stereo record groove contains both
lateral and vertical modulation. At this point

Fig. 7. Concealed controls
help keep the appearance of
hi-fi equipment simple. Here,
u Heathkit AJ-43 all-transis-
tor all-mode tuner is shown
with all controls exposed.
There are enough to scare
away any housewife. How-
ever, the panel below the
controls can swing up and
cover these controls. Tuner
is quite simple to operate.
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you're probably wondering, what does this
have to do with the choice of a changer or
turntable? The answer is that a cartridge in-
tended to play mono records only is designed
so as not to be responsible to vertical move-
ment of its stylus. This is done to minimize
pickup of changer or turntable motor vibra-
tion (rumble). On the other hand, a sterco
cartridge must respond to both lateral and
vertical stylus movement in order to properly
reproduce stereo records. This, of course,
means that a stereo cartridge will be much
more sensitive to motor vibration than a
mono cartridge.

Another point should be brought up while
on this subject of changer and turntable
rumble. This is that the more extended the
hi-fi system’s low frequency response, the
more susceptible it will be to rumble prob-
lems. Thus, if you arec plamning a relatively
inexpensive system incorporating speakers
whose low frequency limit are around 70 or
80 cycles per second, you would be foolish
to shell out for a belt drive manual table as
cither a less expensive rim drive table or
good quality changer will be acceptable from
the rumble standpoint. On the other hand,
if your speaker(s) go down to 20 or 30
cycles per seccond you must take care in
choosing your changer or turntable as only
a few types in each category will make the
grade rumble-wise.

The choice of changer or turntable will
also depend upon the type of cartridge you
intend to use . . . a matter of cartridge
“compliance” entering into the picture. By
cartridge compliance we mean the “stiffness”
of the stylus mechanism. A high compliance
cartridge has a very flexible stylus mechanism
and will “track a record groove with much
less pressure than a comparatively “stifl”

Fig. 9. You don't have to
know much about hi-fi com-
ponents to interconnect
them. Just carefully read
the instructions provided by
the manufacturer and fol-
low the markings on back
of the chassis. Ordinary
“zip"” cord can be used for
speaker leads. Audio cables
are usvally supplied with
component when bought.
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Fig. 8. A very simple hi-fi system for playing
LP records. Tuner and other speaker system
can be added on later. Budget hi-fi systems
sound good to the new comer to hi-fi, but as
the ear becomes accustomed to the sounds of
your budget-priced system, a new and more
expensive high-fidelity system is in order.

low compliance cartridge. Obviously then,
a high compliance cartridge is desirable as
the less tracking pressure it requires means
larger record life. Increased compliance
however, is not without its problems. In the
case of a record changer, the decreased car-
tridge tracking pressure means less force is
available 10 actuate the changing cycle trip
mechanism. Putting this another way, when
sufficient cartridge pressure is used to assure
positive trip action, excessive tracking pres-
sure may be applied to the rather delicate
*works” of a very high compliance cartridge.
A few of the better changers will work well
with the low compliance cartridges as they
will track down to about two grams. Gen-
erally speaking though, for tracking pres-
sure much below two grams, the use of
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precision arms such as are intended for use
with manual turntables is required. The turn-
table-arm combination pictured in Figure 8
is typical of the high quality units available,
and is suitable for use with very high com-
pliance cartridges.

Tuners. Tuners round out our discussion
of basic hi-fi components. As in the case of
all the components discussed previously,
price and intended results are the main
considerations.

In the case of prices, tuners may range
from around $30 for a mono. FM only
tuner up to several hundred dollars for a
FM stereo AM tuner boasting a full com-
plement of controls. As in the case of the
other hi-fi components, excellent FM only or
FM-AM tuner kits are available . . . an ex-
ccllent example being shown in Figure 7.
This unit offers FM-AM multiplex and AM,
and is completely transistorized thus offering
all the previously outlined advantages of
transistor operation.

If you live in an area serviced by multiplex
FM and are planning a stereo system, your
choice perhaps should be a sterco tuner. In
connection with this, one point to keep in
mind is that a much better antenna is re-
quired for FM stereo reception than for just
mono FM. An inadequate FM signal de-
livered to the antenna terminals of your
tuner will result in increased signal distortion
and stereo channel separation depreciation.

Assembling the Chosen Components. Atter
deciding upon and purchasing your hi-fi
components, the next step is their installation
and interconnection. There are three basic
approaches that can be taken in the installa-
tion of your hi-fi system . . . built-in instal-
lation, equipment cabinet or components out
in the open.

Built-in installations offer the greatest
flexibility of the three approaches . . . a
typical built-in system being shown in Figure
4. There are several important points to
watch out for in this type of installation how-
ever. In any built-in installation proper ven-
tilation is of prime importance, as all vacuum
tube equipment, whether it be a tuner, pre-
amp, a power amplifier, generates consider-
able heat which must be removed. The ob-
vious matter of a possible fire hazard as well
as greatly impaired component life are the

consequence of poor equipment ventilation.
Most manufacturers include detailed infor-
mation as to the amount of ventilation re-
quired and the best method of obtaining the
ventilation for their equipment. Many built-
in installations include a small, low RPM
fan to hasten air circulation around the vari-
ous picces of equipment. Component acces-
sibility for service in an important point that
is often overlooked in a built-in installation.

Transistorized hi-fi gear, as mentioned
earlier, generates negligible internal heat and
thus greater liberties can be taken in its in-
stallation. However. care must be taken not
to subject the transistor equipment to exces-
sive sources of heat, such as near a radiator,
etc. as while they themselves generate little
heat. transistors must not be subjected to ex-
cessive temperatures.

Equipment cabinets are the logical choice
for those desiring all their hi-fi components
grouped together in a single housing. The
same good practice regarding ventilation
should be followed as in the case of built-in
installations. '

The problem of interconnecting the vari-
ous components presents no problem these
days as tuner, changer (a turntable), and
amplifier input and output connections have
been pretty well standardized. Shielded
cables are used from tuner or changer (or
turntable) outputs to the amplifier inputs,
and ordinary lamp cord sometimes called
“zip cord,” is used between amplifier output
and speaker(s). One point in particular to
watch is the amplifier's speaker terminals
where a strand or two of the speaker’s con-
necting leads may short across the terminals.
One transistor amplifier kit manufacturer has
lessened this problem by providing barrier
lype speaker terminals . . . insulating bar-
riers between the screw terminals minimiz-
ing the chance of shorts between terminals
(Figure 9).

Proper grounding of the chassis of the
various system components such as tuner and
amplifier, changer or turntable base is of
utmost importance to minimize hum. That
extra lead, aside from the signal cable(s)
and power cord, is meant to be placed under
a screw on the amplifier chassis to ground
the changer frame.

Well, that’s about it. We have attempted
to cover the high points of how to put to-
gether a hi-fi system in an interesting and
informative manner, and we sincerely hope
you have found it both interesting and
helptul. 2
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By Leo G. Sands

You can learn much about electronics when
you repair radios, hi-fi's, and television sets

OU CAN often diagnose and repair troubles in your
Y radio and television receivers, or hi-fi system. There are
some repairs that should be tackled only by a competent
technician. Since it costs money to have a technician diag-
nose the trouble, it would be cheaper if you were to do the
preliminary diagnosis and perform the casy and simple re-
pair tasks.

The only test equipment you need is a volt-ohm-milliam-
meter, called a VOM by engineers and technicians. It is a
multi-purpose meter that will measure AC and DC volts,
current in milliamperes and resistance in ohms and meg-
ohms. They range in price from $10 for an import to as
much as $75 for a domestic-made instrument.

AC/DC radios. Most radio sets, except transistor port-
ables, are of the so-called AC/DC type. The AC/DC radio

how to
service

home
centertainment
cquipment
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was devised some 30 years ago by Barnet
Trott who saw a need for a radio that could
be operated either from AC house current or
DC power, which was still in use in some
cities at the time. Today, nearly all homes
and apartments have AC power and the
AC/DC radio still exists mainly because it
is cheaper to build, since a power trans-
former is not used.

® & o Tubes don't light. In radios of
the AC/DC type, the heaters (filaments) of
the tubes arc connected in series in Christ-
mas trce light fashion. If one tube burns
out, none will light. This is the most com-
mon cause of failure.

If your radio fails to play when turned on
and plugged in, and no hum is heard when
your ear is held close to the loudspeaker,
suspect a burned out tube. If the set is left
turned on for several minutes and the cabi-
net does not get warm, and you see no light
at any of the tubes (dull red glow), the
trouble can be a defective switch, broken
connection at' the power plug, or a burned
out tube.

Disconnect the power plug and connect
the leads of an ohmmeter (volt-ohm-milli-
ammeter set to measure ohms) to the prongs
of the power plug. See figure | with the
switch turned on, the meter should indicate
less than 1000 ohms. If it indicates that the
circuit is open (meter needle does not

=
2 e

Fig. 1. The ohmmeter is the best instrument for
checking out the appliance’s major Nemesis—
the open line cord. Wire breaks are common.

move), examine the power plug to deter-
minc if one of the wires has been pulled
loose from its prong. If this is the case,
cut the cord an inch or so from the plug and
install a new plug.

If this does not cure the trouble, remove
the set’s rear cover carefully, the chassis
holding screws and the knobs, and remove
the chassis from the cabinet. With the power
plug disconnected, connect the ohmmeter
leads to the ends of the power cord inside
the chassis. and short circuit the power plug
prongs with a screw driver blade with the
switch in the “off " position. The meter
should now indicate zero ohms (full-scale
meter deflection). If this does not happen,
the cord is defective and should be replaced
with a new one. If the cord is OK, you are
ready to check the on-off switch by con-
necting the ohmmeter across its soldered
terminals. With the switch turned on, the
meter should indicate zero ohms.

Depending upon which is handier for you,
take the tubes out of their sockets and have
them tested, or use the ohmmeter to measure

DETECTOR / AUDIO AUDIO POWER
AMPLIFIER  CONVERTER IF AMPLIFIER AMPLIFIER =~ RECTIFIER
Vi v2 v3 va V5
3 4
s ' F
VA[C 2V ——eh— j2v 12V ——e— 50V 12V 23V —
PILOT LAMP
=% .
ON-OFF c
—— R
SWITCH 01T~ 220k
MF |
77
CHASSIS GROUND

Fig. 2. Filament line-up for a typical *‘all American five” superhet table radio.
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HEATER CONNECTIONS MADE HERE
FOR MANY TUBE TYPES

Fig. 3. Typical 7-pin miniature socket.

the continuity of the heater of each tube
with the tubes in their sockets. You have to
know which socket terminals to check.

A schematic diagram of the heater circuit
of a typical AC/DC radio is given in figure 2.
In this case, terminals 3 and 4 of all of the
tubes are the heater connections. The ter-
minals may be numbered. If not, see figurc 3
for the numbering arrangements used for
common types of tubes, looking at the bot-
tom of the socket.

Touch the ohmmeter leads to the heater
connections of each tube, one at a time. If
you get an open circuit reading (meter
needle does not move) at one of the sockets,
the tube in that socket is apparently burned
out. Replace the tube with one of the same
type. Now, you should not get an open
circuit indication.

Turn on the radio switch and plug in the
power plug. The tubes should light and, if
nothing else is wrong, the set should operate.
Make sure that the set chassis does not make
contact with any metallic grounded object.
Don’t touch the chassis unless you are stand-
ing on a dry insulated surface, in order to
avoid possible shock.

To test the set while it is out of its cabinet,
put the knobs on the shafts (with power plug
disconnected) and touch only the knobs
when adjusting the set. If it works OK, dis-
connect the power plug and reassemble the
set.

On the other hand, if you choose to take
all of the tubes out for testing, make a chart
noting which tube belongs in which socket
so you will know where to reinstall them
after testing.
® ® @ Pilot lamp. Most AC/DC radios
no longer have a pilot lamp which glows
when the set is turned on. When a set is
equipped with a pilot lamp, it is usually
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connected as shown in figure 2, across part
of the heater of the rectifier tube. The set
will continue to play even if the pilot lamp
burns out since the series circuit is not
broken, although slightly changed in total
resistance.

The pilot lTamp should be replaced only
with one of the same type number as origi-
nally installed in the set by the manufacturer,
usually a number 47 lamp. When the set is
first turned on, the lamp may glow brightly
and then dim as the tubes warm up. The
resistance of a tube heater is quite low when
it is cold compared to its resistance after it
has reached operating temperature.
® @ O Tubes light—set doesn’t play.
While a burned out tube is the usual cause
of trouble, there are many other defects that
can prevent a radio from operating. A tube
can be dcfective even if not burned out. So,
have them tested and replace any bad ones.

If the tubes light and the cabinet gets
warm, listen for a slight hum in the loud-
speaker. If none is heard, disconnect the
power plug and pull the chassis. Momen-
tarily connect a 1.5-volt flashtight cell across
the speaker terminals as shown in figure 4.
A click should be audible as the battery leads
touch the speaker terminals. If no click is
heard, the speaker voice coil circuit is prob-
ably open and the speaker should be replaced
with one of the same physical size and
impedance rating.

Presence of hum indicates that the speaker
is live and that the trouble is cisewhere.
With the chassis out of the cabinet, the
power plug connected, the switch turned on,
and the volume control set wide open, touch
a test lead (not connected to anything) to
the center volume control terminal. A buzz
should be heard. If not, the trouble is in the
audto section of the receiver, in any one of
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the many components, including either of
two tubes.

Among the possible troubles in the audio
section are an open coupling capacitor from
the plate of the first amplifier tube to the
grid of the audio power amplifier, a shorted
capacitor across the primary of the output
transformer or an open first amplifier plate
resistor or open power amplifier resistor.

A buzzing sound caused by touching a test
lead to thc center volume control terminal
indicates that the trouble is ahcad of the
audio amplifier. If the set can’t be made
opzrative by replacing one or more tubes,
further diagnosis should be made by a tech-
nician, unless you want to attempt it your-
sclf. But, don’t touch the IF transformer
alignment screws since you will nced a signal
gencrator to get them back on the correct
frequency.

look for a charred resistor and for
swollen capacitors or chemical oozing out
of a capacitor and replace such components
with exact cquivalents. In the case of a
charred resistor, a capacitor in the same
circuit may have blown causing the resistor
to overheat.
® ® @ Excessive hum. A loud hum may
be caused by a shorted tube or a dehydrated
filter capacitor. The set may or may not
play. The first step is to test the tubes and
replace defective ones. If the hum persists,
chances are the filter capacitors need re-
placement. Note the ratings marked on the
filter capacitors and buy an exact equivalent.

See figure 5. Unsolder and remove the old
ones and install the new ones, being careful
to observe color coding or polarity marks.
If this was the cause, the hum should be
gone or diminished, After the set has been
played a while, the hum may get weaker as
the capacitor forms.

® @ o Distortion. Highly distorted
sound, often accompanied by hum, is often
caused by a shorted tube or electrically leaky
coupling capacitor between the plate of the
first audio amplifier and the grid of the
power amplifier. Disconnect the old one and
solder in an exact equivalent. At the same
time, as added insurance, replace the ca-
pacitor betwceen the plate and screen of the
audio power amplifier tube (bridges output
transformer primary).

® ® o Lack of sensitivity. Inability to
pick up as many stations as in the past may
be due to aging tubes, dehydration of filter
capacitors or changc in the characteristics
of a resistor or capacitor. Test and replace
weak tubes first. If the set hums, replace the
filtcr capacitors. These steps usually restore
perforimance. Further diagnosis should be
made by a technician.

® ® o Fading. The sudden rise or fall
in the volume of a radio is often caused by
inadequate pick up by the built-in antenna.
In some cases, the volume drops or falls
when a light switch is turned on or off.
The lighting circuit changes its character-
istics as a switch is opened or closed, and
may re-inforcc or attenuate the level of the
signal reaching the radio’s antenna. The
simplest cure is to move the radio to another
location in the room, or to re-orient it to
change its antenna position with respect to
the stations to be received.

Fig. 5. Electrolytic capaci-
tors come in two standard

R
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ELECTROLYTIC
CAPACITOR ~
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types. Single units and
transistor circuits type usu-
ally come with wire leads.
Can types are multiple
vnits as a rule and very
often have large micro-
farad ratings that can
handle high plate voltages.

CASE

SUMMER 1964



B+ B+
HIGH  LOW
RI R2
f &N
o 50 10K
+lez +|ca cs
*
=
l\}?xc .| | 40 40 20
| e MF MF
I: J RECTIFIER }

:

POWER
TRANSFORMER

FUSE

BIAS VOLTAGE
WINDING (OPTIONAL)

TO HEATERS

Fig. 6. Typical full-wave rectifier circuit used in high-fidelity components.

A loose connection inside a tube or ca-
pacitor can also cause sudden changes in
volume. Slow fades on all stations are gen-
erally caused by a tube with an intermittent
heater. Fading of volume when listening at
night to stations more than 50 miles away,
but with nearby programs remaining steady,
is due to cancellation of the ground wave
radio signal by its sky wave, which is not
the fault of the radio.

Transformer type radios and hi-fi
tuners. Nearly all hi-fi radio tuners and
some radio receivers employ power trans-
formers, particularly those inside of large
console cabinets, and particularly those that
were manufactured several ycars ago. In
these sets, the tube heaters are generally
wired in parallel and the plate and screen
voltages are usually much higher than in
AC/DC radios.
® 0 O Tubes don’t light. Failure of the
pilot lamp to light when the tubes light is
generally due to a burned out pilot lamp.
Failure of all the tubes to light is most often
caused by a blown fuse, if the set has a fuse.
Generally, the fuse is at the rear of the chassis
and can be replaced by merely turning the
fuse holder counter clockwise and pulling it
out. It can be checked with an ohmmeter to
determine if it is open, if it isn’t obvious
when looking at it that it is burned out.
Replace the fuse only with one of the same
type and rating as specified by the manu-
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facturer of the set.

Should the fuse blow when the set is
plugged in and the switch is turned on, there
is trouble inside the set.

If the fuse is Ok, or a new fuse does not
blow, pull out the power plug and connect
the ohmmeter leads to its pins with the radio
switch turned on. If an open circuit con-
dition is indicated, inspect the power plug
connections to the cord and replace the plug
if one of the wires has pulled loose from its
prong. Pull the chassis if the trouble is not
at the plug.

Touch the ohmmeter test [eads to the ends
of the power cord inside the chassis and
short the power plug prongs with a screw
driver blade with the switch in the “off”
position. You should get a short circuit
indication. If not, replace the cord and plug.
Now, check the switch with the ohmmeter.
A short circuit (zero Ohms) condition
should be indicated when the switch is in
the “on” position, and open circuit when in
the “off” position.

Then connect the chmmeter leads to the
power transformer primary leads. One is
usually connected to the fuse (or to one wire
of the line cord when there is no fuse), and
the other to one terminal of the switch. An
open circuit reading indicates that the power
transformer primary is open, which means
that the transformer must be replaced by an
exact equivalent.
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® ® ® New Fuse Blows. Blowing of a
newly installed fuse of the proper rating
usually indicated that there is a short circuit
within the set. If the set is connected to an
external ground, remove the ground connec-
tion. Now, if the fuse does not blow when
the set is plugged in and turned on, chances
are that one of the line filter capacitors (C!
and C2 in figure 6) is shorted. Disconnect
the power plug and touch one ohmmeter
test lead to the chassis and the other to either
power transformer primary lead. You should
get an open circuit indication. If not, replace
the line filter capacitors with new ones of
equivalent value and rating. However, it you
still get other than an open circuit reading,
the power transformer primary winding may
be grounded to its core and replacement of
the transformer is indicated.

Trouble on the other side of the power
transformer, which causes the fuse to blow,
could be due to a short or ground in one
of the transiormer secondary windings, or a
short circuit or ground in the tube heater
winding. Pull out the rectifier tube and turn
the set on. If the fuse does not blow now,
but does blow when the rectifier wube is re-
installed, the trouble is probably due to a
shorted filter capacitor.

—
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If most of your repair jobs fall into the appli-
ance area, then the Accurate Electric Appli-
ance Tester is @ must for you. Price: $9.85.
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The shorted filter capacitor can be identi-
fied by measuring the resistance with an
ohmmeter from the hot terminal of each
filter capacitor to the chassis. Sometimes
two or more capacitors are inside the same
container. If a very low resistance or short
circuit condition is found, disconnect the
wire at the capacitor terminal and check it
again with the wire removed. If the short
isn’t cleared now, replace the capacitor with
an equivalent type. Observe color coding or
polarity marks.
® ® o Tubes light—set doesn’t play.
When the tubes light, but the set is inopera-
tive, any ot dozens of components could be
defective. If there is an odor and the power
transtormer gets hot, it could be transformer
trouble or a short circuit elsewhere. Look
at the rectifier tube for reddening of its
plates which is indicative of a shorted filter
capacitor.

On the otherhand, if the set does not give
off an odor and does not seem to overheat,
the trouble could be a defective tube. All
should light. The light in some may be diffi-
cult to see. After the set has been turned
on for a while all tubes should feel warm
to the touch. Nevertheless. have all the tubes
tested and replace any defective ones. Check
the loudspeaker as explained earlier about
AC/DC sets.

Other troubles, such as hum, distortion,
lack of sensitivity and selectivity and fading
can be due to the same causes as explained
earlier, regardless of whether the set is of
the AC/DC type of transformer type.

Hi-fi amplifiers. The power input cir-
cuits of hi-fi and other audio amplifiers, as
well as AM/FM tuners, are similar to those
of transformer type radios and the same
check-out procedures can be used.
® ® @ Excessive hum—volume control
turned down. Some amplifiers are equipped
with a hum control at the rear or top of the
chassis which can be adjusted with a screw
driver. With the volume control turned to
minimum volume, adjust the hum control
slowly for minimum audibie hum. If the
hum cannot be reduced to a satisfactory
level in this manner, have the tubes tested
and replace any defective ones.

The audio power amplifier tubes may have
to be closely matched in order to minimize
hum and distortion. When buying new
tubes, have them checked and take those
which check most alike.

While it may not be specified in the user
instruction book, a ground connection may
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reduce hum level. Get a ground clamp and
fasten it to a freshly cleaned spot on a cold
water pipe and run a wire from it to a screw
on the chassis. (Don’t do this if the amplifier
is of the transformerless type).

The hum could be caused by dehydrated
filter capacitors. This can be checked out
by turning the chassis over to gain access
to the wiring. Take a 20-ufd, 450-volt
tubular electrolytic capacitor and tempo-
rarily bridge it across each filter capacitor
or section, one at a time, making sure that
the + terminal of the test capacitor is con-
nected only to the positive terminals of the
capacitors in the amplifier, and note any re-
duction in hum. Be careful to hold the test
capacitor by its insulated housing and avoid
touching any of the wires, terminals or test
capacitor leads, to avoid shock.

An appreciable reduction in hum level,
when the test capacitor is tried, indicates
that the filter capacitors should be replaced.
® @ @ Excessive hum—volume c¢on-
trols turned up. Hum, which increases in
intensity when the volume control is turned

ELEMENTARY ELECTRONICS
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Some servicemen claim
that 95% of all radio
and TV set faults can be
eliminated by replacing
a vacvum tube. This
kind of service anyone
can do, incduding a
housewife (upper right).
If you have your own
tube tester (left), you can
cut out those trips to the
corner drug store. Re-
member, in TV sets there
are one or more tubes
hidden in the HV cage
(upper right). Be careful!
Be sure to short out the
high voltage to ground.

up, in any position of the function selector
switch (phono-tape-tuner, etc.) indicates
amplifier trouble. [t could be an improperly
scated tube shield or a defective tube.

However, if the hum rises when the func-
tion selector swilch is set to one particular
position, the trouble could be in the partic-
ular pre-amplifier selected, in the lcad from
the selected input device (tuner, record play-
er, ctc.), or in the input device itself.

Check the amplifier input lead and plug,
looking particularly for a broken shield at
the plug at each end of the lead. Make sure
that the plugs are firmly scated in their
sockets.

When scparate line cords are used for
each hi-fi system component, try reversing
the positions of their respective power plugs
in their sockets.

Record changers. A record changer is
an intricate and touchy mechanism which
should be adjusted only by an expert. How-
ever, it can be lubricated by anyone who has
available an instruction book speliing out
when and where to lubricate and what kind
of lubricant to use.
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Rubber rimmed drive wheels and idlers
wear out and cause rumble. Replacements
can be purchased at radio parts stores, which
you can install if you exercise care not to
disturb other parts of the mechanism.

The stylus of many types of stereo and
mono cartridges can be easily replaced. The
new stylus is generally turnished with spe-
cific installation instructions. Sometimes it
is necessary to replace the entire cartridge,
or you may want to replace your cartridge
with one of a type more suited to your
requirements.

Portable Transistor Radios. Servicing
portable transistor radios is a job for an
expert with the proper tools, test equipment
and spare parts. The most common trouble
is worn out batteries, which you can easily
replace. Symptoms of worn out batteries are
lack of volume and a motor boating sound.

Replace the battery or batteries (all of
them at once) with exact equivalent types,
being very careful that the new ones are
inserted or connected in the same polarity
as the original ones. If necessary, clean the
contacts with a pencil eraser and bend the
clips slightly to ensure firm contact.

Television sets. Numerous books have
been published about how to repair your
own TV sets. While many professional TV
service shops have initially lost business as
a result, they have gained additional revenue
undoing the damage done by some do-it-
yourself TV owners.

When your TV set acts up, it will cost you
several dollars to get a pro to come to check
it over, quite a few dollars to get it repaired
if more than a new tube is required. Some
shops charge a minimum of five dollars to
look over your TV set even when you bring
it to the shop.

There are several things you can do before
you call in an expert. Before touching the
TV set, as long as it is operating, even if
not satisfactorily, check out the antenna sys-
tem. Look for loose, bent, broken and cor-
roded elements and caretully examine the
connections to the twin-lead transmission
line. If the antenna has been in use more
than five years, it might be a good idea to
replace it and the transmission line, which
gradually deteriorates, downgrading recep-
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tion as it does. Also check the antenna
connections at the set.

® ® ® No picture—no sound. Sudden
failure of a TV set to operate is usually due
to a burned out tube or fusible resistor inside
the cabinet. The first step is to remove the
rear cover. The power cord is automatically
disconnected when the cover is removed.

Before you take out the tubes for testing,
look for the label that shows the locations
of the various types of tubes. If there isn't
one, make one noting the locations of the
tubes and the number of each tube as you
remove it from its socket. Have the tubes
tested and replace any defective ones.

Many TV sets have their tubes connected
in series as in AC/DC radios. Hence, one
burned out tube can prevent the others from
lighting. Also, the fusible resistor in such
sets, if burned out, can prevent the tubes
from lighting. Usually, the fusible resistor
is a two-wire plug-in device which can be
pulled out of its sockets and replaced with
a new one of the same value. You can check
it with an ohmmeter.
® ® o Ppicture Troubles. Vertical and
horizontal picture instability can often be
corrected by adjustment of the horizontal
and vertical controls. Sometimes, replace-
ment of a weak tube will cure the trouble.
Absence of a picture, but with the screen
lighted, is often caused by a defective tube.
Unclear pictures and ghosts are usually
caused by antenna trouble, improper tuning
and antenna orientation.
® ® @ Sound Troubles. One of the com-
monest troubles is buzz in the sound which
can be due to any number of causes. A
screw driver adjustment is provided in some
sets which is set for minimum buzz. There
is also a tuning slug in the gated beam de-
tector coil whigh can be adjusted with a
special tuning wand. But, both of these con-
trols are usually inaccessible unless the rear
cover is removed, and adjustment cannot be
made satisfactorily unless the set is turned
on.
® @ @ Tuner Troubles. After a few
years of use, the contact points inside the
tuner (controlled by channel selector switch
and fine tuning knob) get dirty causing un-
stable picture and sound. You can get a can
of TV tuner cleaning fluid which you can
spray into the tuner through the holes, with
the set's rear cover removed. Rotate the
channel selcctor knob as you spray. ]
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; construction
projects

Electronic experimenting is a hobby that offers the individual a
chance to learn and practice his theory while building exotic and
fascinating electronic gadgets and devices. To add fun to your learn-
ing, seven construction projects have been included in this magazine.
These projects have been tested and will work if you follow the
instructions, parts lists and schematic drawings carefully.

The Universal Battery Tester is one piece of test gear that will pay
for itself. It will check out your dry cells and tell you how long to
keep them in service. The AudiAmp is a solid state audio amplifier
that should be assembled just for the experience and ELVIS is just the
gadget you would like to have on the test bench when working with
transistor circuits.

Two short articles tell you how to get more pep out of your broad-
cast band receiver and how to make it come on like those transistor
units. And in case your receiver or TV set is too hot, you'll learn how
to beat the heat. The last construction project is the Corner Speaker
—a new way to get hi-fi sound from a lo-fo budget.

universal battery tester

audiamp for x-tal sets

elvis—experimenter’s low voltage isolated supply
passive booster for BCB dx-ing

keeping your receiver on standby

plan to beat the heat

a column speaker for your hi-fi
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Universal

battery tester

By James Robert Squires

ATTERIES are as much a part of our
B everyday life as countless other con-
veniences which have now become necessi-
ties. It's difficult to mention something that
hasn’t been converted to battery use. We are
a nation on the go and we take our radios,
flash cameras, walkie-talkies, shavers, and
even our battery powered tooth brushes right
along with us. As a normal result the aver-
age American household is knee deep in bat-
teries in various stages of charge. No mem-
ber of the family can be sure which batteries
are good and which are not. Often, unfor-
tunately, the good are thrown away with the
bad. This waste can be eliminated by build-
ing your very own universal dry-battery
tester.

What it can do. The tester’s range is de-
signed to test batteries up to 50 volts, and
provide battery loads up to 500 milliamperes
with the meter in the circuit and up to one
ampere with the meter out of the circuit.
Two very common loads for batteries are the
screw and bayonet-based pilot lamps. So,
two special sockets are provided for testing
batteries by using both lamp types.

A further useful feature of the tester is its &

ability to give some information as to the

expected life of the battery or batteries now |

used in your equipment. The test only re-
quires that you have a good idea of the nor-
mal load current drawn by the equipment.
The testing covers a broad spectrum of bat-
teries which typically includes the AA, AAA,
C and D cells. These four battery types can
be tested by types either as singles or as a
pair. The BATTERY SELECTOR switch,
S2. selects the appropriate battery holder
mounted on the rear of the tester.

Full-load testing. The most meaningful
static test a battery can pass is a terminal
voltage measurement under full load condi-
tions. For this reason three load arrange-
ments are possible with the universal dry-
battery tester. The first of these is a lamp
test. By using either the bayonet (BAY)
pilot lamp socket, SO2, or the screw, (SCW)
pilot lamp socket, SOI, a wide variety of
lamps can be used as a load.
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The second of these is a 25 ohm, 25 watt
rheostat, R1. The VARIABLE LOAD posi-
tion of the . OAD SELECTOR switch, S3,
connccts the 25 ohm rheostat, R1 across any
battery selected by the BATTERY SELEC-
TOR switch, S2. Load currents up to 500
milliamperes are possible through the me-
ter. The meter is protected by a type 8AG
instrument fuse rated at 0.5 ampere.

The third load position connects the se-
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Now you can test dry cells and know when to replace them

AA j}
:i
il
C :
AAA

GROMMET

Back of the tester's cover is just large enough to hold the four dual battery holders.
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lected battery across the EXTERNAL LOAD
white and black terminals, E7 and ES.

Picking the meter. In many of the applica-
tions of batteries their load current exceeds
100 milliamperes. For this rcason a meter
having a 0- to 500 milliampere range was
selected. To bring up the ohms-per-volt sen-
sitivity to approximately 200, a 0-5 milli-
ampere meter movement, M1, was used. The
meter has an approximate internal resist-
ance of 127 ohms. A shunt resistor, R4, for
the M1 was constructed by winding 93.3
inches of No. 32 solid enameled copper wire
on a 100,000-ohm resistor body. The current
error for the tester purposes with this shunt
resistor is negligible. However the shunt is
used only for current measurements.

For voltage measurements the same 0-5
ma. meter movement is used. This enables
construction of a 200-ohms-per-volt meter
which in turn reduces the tester loading on
the battery or batteries under test.

Testing. Before starting battery test it's a
good idea to measure the full-load drain on
those batteries commonly used in the various
gadgets in your house. The VARIABLE
LOAD rheostat, R1, can be set to draw an
identical load current. Then in future tests
typical load currents can be quickly set into
the tester. A normal load for many flash-
lights is between 200 and 350 milliamperes.
For each application it will be necessary to
establish your own lower limit of useful
battery voltage. Usually a 30 per cent volt-
age drop under load is sufficient cause to dis-
card a dry cell.

A rough estimate of future battery life
can be found by selecting an average full-
load current for this battery. Measure the
full-load voltage at this time. With the bat-
tery or batteries connected in the tester and
the METER SELECTOR switch, SI, set to
MILLI-AMPS, set the VARIABLE LOAD
rheostat, R1, for a load current 50 per cent
greater than average full-load current. If this
additional load applied for a short time
causes more than say a 30 per cent drop in
the battery voltage, it’s usefulness in that
application should be questioned.

In some battery applications there is only
a small load current drain. The 9 volt-
transistor battery is an example. Average
load current for this battery is 20 milliam-
peres. Caution should be taken never to
switch the LOAD SELECTOR switch, S3,
to VARIABLE LOAD when low-current
drain batteries are being tested. The LOAD
SELECTOR switch, S3, should always be
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DRY BATYIRY TESTER

BAY
L]

VARIABLE
® (OAD

woap N
SEHECTOR®y If

Panel lettering gives the tester a pro look.

g PARTS  LIST ————

EV—Jack, blue insulated midget banana {G. C.
Electro-craft type 33-220)

E2—Jack, green (like E1)

E3—Jack, yellow (like E1)

E4—Jack, red (like E1)

E5, E7—Binding post, white (Superior DF30WTC}

F1—Fuse, 0.5 ampere, instrument type 8AG

M1—DC milliommeter, 0-5 ma. (Emico Model
13 Edgewise}

R1—Rheostat,
type 0147)

R2—820 ohm, Yh-watt, 10% resistor

R3—8.2k, Vy-watt, 10 % resistor

R4—Meter shunt made from 93.3 inches of
#32 solid enabled copper wire {see text)

$1—4 pole—3 position rotary switch (Use 4
pole—4 position Centralab type 2515)

$2—1 pole—9 position rotary switch {Use 1
pole—1-10 position Centralab type PA-1001)

S3—1 pole—4 position rotary switch (Use 1
pole—11 position Centralab type PA-2001)

SO1—Pilot lamp socket, screw base (Dialco
type 505)

SO2-—Pilot lamp socket, bayonet base (Dialco
type 705)

1—Battery holder for 2AA-size cells {Keystone
type 140}

1—Battery holder for 2 AAA-.size cells {Key-
stone type 138)

1—Battery holder for 2 C-size cells (Keystone
type 174)

1—Battery holder for 2 D-size cells (Keystone
type 176)

1—Cabinet aluminum universal sloping-panel
6" W x 4" H x 4" D (Bud type AC-1612)

1—Fuse holder, for meter back mounting (Little-
fuse type 383002)

Misc.—wire, solder, hardware, grommet, etc.

25-ohms overwound (Ohmite

LSO IRt

Estimated construction time: 5 hours
Estimated parts cost: $21.00

o A LA AN AN 8 41030
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Considering the crowding of parts in the Universal Battery Tester, it is wise to follow
the parts layout and wire placement as illustrated in the pictorial diagram above.
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VARIABLE LOAD

SCREW BASE
SOCKET
S0I

BAYONET BASE
SOCKET

E7 €8
(RED)  (RED)
EXTERNAL LOAD

TERMINALS

Sl (8)
METER
SELECTOR
SWITCH Ra
(SEE TEXT)
\ 3
BATTERY TYPE (
e Ml
—57 AA{__ 0-5Ma
SYMBOL FOR
BATTERY HOLDER
19 o

52

BATTERY 6
SELECTOR 7
SWITCH v I

E5 E6
(WHITE) (BLACK)
—O0+ -0

D
(BLUE] (GRE
VOLTAGE TEST TERMINALS

EXTERNAL BATTERY
TERMINALS

Be careful wiring the tester. Use colored leads to permit rapid wire tracing.

left at the EXTERNAL LOAD position. The
external load for a typical 9-volt battery used
in transistor radios is a 470-ohm, V2-watt
resistor connected at the EXTERNAL
LOAD jacks, E7 and E8. You simply see
that the full-rated voltage is indicated on
meter MI. Use Ohm’s law to find loads.
There are four sections to the METER
SELECTOR switch, SI, wafer. The first
double section (A and B) selects the shunt
or multiplier resistor depending on the switch
setting. The next section (C) connects the
load switch to the battery switch during volt-
age measurements. The last section (D)
connects the meter either as an ammeter or
as a voltmeter during load test.
Construction. Start by taping a sheet of
white paper over the lower and sloping sur-
faces of the universal sloping panel chassis.
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The drill center diagram can then be laid
out on this white surface. Refer to the
diagram and photos. Drill and deburr all
holes. Refer to the rear-view-diagram for
details on mounting the holders. The Adel
nibbling tool is handy for cutting the square
meter hole. All parts can then be mounted
except the meter and 25-watt rheostat.

When mounting the five-way terminals on
the thin aluminum chassis, file off the shoul-
der of the under-chassis insulator of the
terminal. This will assure a tight fit.

Now install the meter being careful not to
mar the plastic face. The schematic diagram
indicates the wiring connections. After the
meter selector switch, S1, has been wired
install the 25-watt rheostat, R1, and wire its
connections. Liberal use of the external jacks
on the tester allows workbench duties. ]
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liAmp for
tal Sets

Simple one-transistor stage

peps up those weak AM signals

By Art Trauffer

Q1 2N217
PLYWOOD
411 3% 5

Iz lx

2 ANGLé BRACKET
{1of 2)

|
|_~3-LUG TERMINAL
- STRIP

[ - R2 220K

C1 .02mf
~ SOLDERING LUG

§ _-CLIP 4
=¥ Rt 5K

/vowue CONTROL

]

I = =

2
\ANGLE BRACKET

Parts needed to assemble the AudiAmp are
shown above wired on a plywood chassis.

ELEMENTARY ELECTRONICS

RYSTAL SETS are as popular today as
they were before World War 1. How-
ever, today the reliable semi-conductor diode
has replaced the ticklish crystal and the tran-
sistor audio amplifier is pepping up the de-
tected AM signals before they reach the
headset. In case you would like to add the
AudiAmp to a crystal receiver, just follow
the details shown in the photos and schematic
diagram.

The transistor used can be a 2N217 or
CK722 type. In fact, just about any pnp
very low power audio transistor will do the
job. Just in case you have a few npn’s about,
they may be used but be sure to reverse the
battery connections so that Bl's negative
terminal connects to the transistor’s enitter.

The output terminals should look into a
high impedance headset. Magnetic headsets
rated at 2000 ohms or better or crystal head-
sets will do finc. In the event you use a
crystal job, connect a 4700-ohm, '2-watt
resistor across the output terminals so that
a DC path is provided from the battery nega-
tive terminal to the transistor’s collector.

The simple transistor amplifier can also
be used to amplify weak signals from tele-
phone pickups, phono cartridges, etc. s

in a typical set-up, the
AudiAmp (above) is con-
nected to the phone ter-
minals of the Knight-Kit
Crystal Set 83 Y 261D.

HIGH-Z PHONES
{MAGNETIC OR
CRYSTAL)

Removing either the mag-
netic headset or 1.5-volt
dry cell will de-energize
the AudiAmp's circuit.

115



116

ELVIS

E XPERIMENTERS
Low Vourace

I)SOLATED SUPPLY

o

+OUTPU

-—dea s

E XPERIMENTER'S
Low

VoLtace
IsoLaTED

SuppLy

By Fred Blechman, K6UGT

T His ELvis, unlike its more well known
namesake, does not shake, rattle, roll or

make odd noises. It does, however, provide

the transistor experimenter with an adjusta-

ble 0-11 volt line-isolated filtered DC power

source, including a built-in voltmeter!

A lot for a little. The total cost for ELvis,
including the subminiature meter, is less than
seven dollars, a remarkably low price made
possible by modifying a product that con-
tains most of the parts. The Lafayette F-790
9-Volt Battery Eliminator and Charger for
transistor radios contains a midget isolation
step-down transformer, a full wave bridge

rectifier, heavy filtering, pilot light, four po-
sition function switch, output jack, batery

snap terminals and an assortment of adapt-
ers, and comes completely assembled for
$2.95. It plugs into any 115-volt 60-cycle
outlet and provides well-filtered DC at a volt-
age level fixed slightly over 9 volts to power
most common transistor radios. Adding a
subminiature meter, a miniature potentiom-
eter and binding posts converts the F-790
to a variable metered supply—ELvis.

Circuit description. The schematic dia-
gram shows the original F-790 wiring details.
The dotted lines show the necessary changes
and additional parts to create ELvis. Switch
Sl is a 3-pole, 4-position miniature rotary
switch. When placed in position 2, power is
applied across the primary of stepdown
transformer Tl and the series combination
of the neon bulb and current-limiting resistor
RI. The bulb lights and power from the
secondary of T1 is applied across the full-
wave bridge selenium rectifier, SRI1, points
A and C. The rectified output from terminals
E-D and B is applied to the pi-filter consist-
ing of CI-R2-C2, then through Sic to the
output jack J1I.

Resistor R3 acts as a “bleeder” to stabilize
the voltage. When the battery adapter (fur-
nished with the F-790) is plugged into J1,
the voltage appears across the adapter snap
terminals, which connect to the 2U6 type
battery snaps of most common 9-volt tran-
sistor radios. The radio plays loud and hum-
free. With switch SI in position 3, relatively
unfiltered DC is applied to the battery-
charging snap terminals. Two additional
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Exactly what ELVIS can put out is shown
in volt-current graph with R4 fully CW.

adapters allow you to “recharge” a large
variety of 9 volt batteries. In position 4,
switch S1 applies voltage to both J1 (fil-
tered) and the snap terminals (relatively un-
filtered) at the same time, allowing you to
play the radio and recharge the radio battery
simultaneously. Notice (and this is quite
important) that all output connections are
fully insulated from the power line by T1—
no shock hazard!

Battery “Recharging.” A dry cell battery
is nor rechargeable in the accepted sense. It
may be “depolarized” by the process used in
the F-790, which will temporarily increase
the battery output. The long term value,
however, is very dubious. As a battery elim-
inator the F-790 is very fine; the recharge
feature is just a bonus.

Step-by-step modification. Creating ELvis

from the F-790 is not complicated, but there
are enough wires in the original unit to con-
fuse the inexperienced builder, so we’ll go
through the conversion step-by-step.

1. Remove the bottom cover.

2. Remove and discard resistor R3 (600-
ohms).

3. Remove three screws securing printed
circuit board, and tilt board back out of the
way.

4. Remove the battery charging snap ter-
minals by unsoldering the blue and green
wires from the nuts, and then unsoldering
the nuts from the inside of the unit while
turning the screws from the outside.

5. Enlarge the snap mounting holes to
3¢-inch diameter.

6. Drilt a %« inch diameter hole for the
meter and a ¥4 inch diameter hole for poten-
tiometer R4. See photos.

7. Install meter M1 and cement in posi-
tion.

8. Install the binding posts BP1 (red) and
BP2 (black). The fiber insulators are not
used.

9. Solder a 56,000-ohm Y2-watt 10% re-
sistor (R5) from the soldering lug of binding
post BP! to the meter positive terminai.

10. Solder an insulated wire, 12 inches
long, to positive binding post BP1 lug. You'll
connect the other end of this wire in Step 14.

11. Solder the blue wire (this wire was
connected to the negative snap terminal re-
moved in Step 4 to the negative binding post
BP2 solder lug. Solder a short jumper wire
from this BP1’s lug to the meter negative
terminal.

12. Install the 1000-ohm miniature poten-
tiometer (R4) with the lugs up. Bend the
lugs slightly down.

13. Replace the printed circuit board in

With board lifted out of the

the circuit
way, parts added underneath can be seen.

ELEMENTARY ELECTRONICS

unsoldered from
location shown.

The 600-ohm resistor is
the circuit board at the
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Schematic diagram for ELVIS. Dashed lines are circuit parts added to the Lafayette F-790.

ELVIS

position with the three screws removed in
Step 3.

14. Solder the added wire (Step 10) to the
center terminal of potentiometer R4.

15. Locate the point on the rear of the
printed circuit board to which a white wire
from the switch is soldered. Solder a new
wire from this point to the right terminal on
R4. Sce photos.

16. Locate the blue wire connected to the
printed circuit board. Solder an insulated
wire from this point on the printed circuit to
the left terminal on potentiometer R4. See
photos.

17. Unsolder and remove two green wires
that connect to switch S1.

18. Replace the bottom cover.

19. Add the small set-screw knob for %
inch diameter shafts in place.

20. If desired, relabelling can be done
with decals or dry transfer letter put on
white paper and cemented over the old
markings. See photos.

How it works. Voltage appears at binding
posts BP1 and BP2 in switch positions 2, 3
or 4, and is controlled by the setting of po-
tentiometer R4 with the voltage indicated by
meter M1. Full scale meter reading, estab-
lished by series resistor RS, is roughly 10
volts, with ¥2 scale at S volts, and O volts at
zero on the meter. Intermediate voltages can
be estimated quite closely. Unfortunately,
the potentiometer resistance variation with
rotation (“taper”) is not linear, and you'll
find the greatest voltage increase near the
clockwise end of the rotation, but this is not
critical.

ELvis is not regulated, but is well filtered.

PARTS LIST ——————

R4—1000-ohm subminiature potentiometer {(La-
fayette VC-32)

R5—56,000-0hm, 1/;-watt resistor 10 %

M1—200 microamp miniature meter (lafayette
TM-27)

BP1, BP2—Binding posts (one red, one black}
(Lafayette MS-566)

1—Knob, Ivory set-screw type for Va-inch shaft
(Lafayette KN-57)

Misc.—Insulated wire, solder

All other parts are included in Laofayette F-790 9-volt
Transistor

Battery Elimininator, $2.95
Estimated cost: $6.50
Estimated construction time: 2 hours

When a circuit is connected to the binding
posts, the current drawn will cause the volt-
age to drop. Just advance the control knob
to increase the voltage to the desired value.
Of course, a more accurate external volt-
meter may be placed across the binding posts
if the voltage requirement is critical.

Just for the record. A graph of the average
ELvis output current-voltage relationship
with the potentiometer set fully clockwise is
given. Drawing more than 20 milliamperes
continuous (35 ma. intermittent) from
ELvis is not recommended. If ELvIs gets too
much exercise, he blows his stack (selenium
rectifier stack, that is). The radio output
jack, I1, is used as before, with the switch
in positions 2 or 4. This output is not con-
trolled by the new potentiometer. Do nor use
the radio jack when using the binding posts;
the total current drawn may exceed the recti-
fier current rating. L]
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Passive booster (above right) helps pull in
weak signals for AM broadcast tuner (left).

HE PASSIVE BOOSTER will greatly in-

crease the sensitivity of 3- to 5-transistor
portable radios as well as boost the input
signals to 6 and 9 transistor radios and tube
jobs. Many distant weak stations that you
listen to for entertainment or DX’ing will
pop in crisp and clear like the strong locals
with this booster.

The booster's heart is a 7%2” ferrite an-
tenna core 2" in diameter. 100 turns of
# 24 enamelled cotton-covered wire are even-
ly spaced on the core and the ends are con-
nected separately to the terminals on a
midget 365 mmf. variable capacitor. This
circuit is nothing more than a tunable “loop-
stick” antenna covering the AM broadcast
band. Both parts mount neatly in a wooden
box fabricated for the project. Plastic or fi-
ber material will do just as well.

The parts can be obtained from Lafayette
Radio (part Nos. MS-331 for the core and
MS-445 for the capacitor) or almost any
parts supply house.

The passive booster (it gets its name be-
cause it has no amplifier and uses no power
other than the signal’s) is easy to use. First
tune in a distant or weak station on the ra-
dio and rotate the radio until the signal is
loudest. Now place the booster along side
the radio with the booster’s ferrite core
parallel to the receiver’s core. Tune the sta-
tion on the booster for maximum signal.
Now ad)just the distance between the booster
and receiver for optimum results. a

ELEMENTARY ELECTRONICS

Passive

Booster
for BCB

DX-ing

By Art Trauffer

_FELT DISCS ON
BOTTOM OF BOX

I CEMENT BOTH ENDS

OF ANTENNA CORE
TO BOX

| FERRITE ANTENNA CORE WITH

100 TURNS OF INSULATED
COPPER WIRE (SEE TEXT)

p~ SOLDER ENDS OF ANTENNA
COIL TO LUGS ON VARI-
ABLE CAPACITOR

ST LT

365 MMF MIDGET
VARIABLE CAPACITOR
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Keep your receiver on

Standby

Call on a silicon power diode to give your receiver

“instant-on’’ operation—ijust like a transistor radio

All it takes is any silicon diode (top) soldered
across the AC switch terminals of the volume
control (below) to do the job.

By Herb Friedman,
W2ZLF/KBI9457

S IT worth a dollar or so, and perhaps a
half hour’s work, to extend the life of your
radio and television tubes by 50 percent or
more? You're durn right it is! It's the best
electronic bargain you are ever going to get.
And, as a free bonus, we'll throw in “in-
stantaneous start”—the instant you turn the
power switch the sound or picture goes on—
yes, just like transistors, no more warm-up
time.

How to do it? Simple. Just connect a sili-
con power diode across your radio or tele-
vision set’s power switch. The only hitch is
that the idea can only be used with an
AC-DC chassis; that is, the set must not
have a power transformer. Since most table
radios and many FM and TV receivers meet
this requirement, chances are you're one of
the “lucky ones.”

When the diode is connected across the
power switch “in the right direction” reduced
power is continuously applied to the filament
circuit even though the power switch is “oft”;
and no power is applied to the rectifier circuit
so the receiver is inoperative; all that hap-
pens is the receiver tubes are kept at “stand-
by”—ready to start the instant you turn the
power switch.

Where’s the saving? In not turning the
filaments on and off. As any broadcast engi-
neer will tell you, maximum tube life is
obtained when the tubes are turned on and
left on. And since with the diode you idle
the filament voltage at about 50 percent you
can expect a markedly extended tube life.

The Hook Up. The schematic diagram
shows the connection of the silicon diode
rectifier plus two neon light indicators. Sl is
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the receiver’s power switch (usually on the
rear of the volume control) and SRI is a
silicon diode rectifier. Be certain that SR1’s
cathode is connected to the B— or ground
side of S1. SR 1’s anode (plate) is connected
to the S1 terminal which is attached to the
AC line. If you reverse the diode the re-
ceiver will be on permanently.

SR is rated at 400 PRV (or PIV) at 600
milliamperes or higher. While this rating
may far exceed what your individual equip-
ment may require, it’s a good safe value.
Listed below are common, nationally distrib-
uted silicon diodes which will do the job;
your local parts distributor is sure to have
at least onc of them.

Manufacturer Diode Type
General Electric 1N539, 1IN14389
Motorola 1N2612
RCA TN1763, 1N2861

ELEMENTARY ELECTRONICS

Installing the silicon pow-
er diode rectifier is a sim-
ple matter. If there is not
enough room on the off-
on switch or under the
chassis, mount it on the
chassis top away from
tubes.

If your equipment doesn’t have one it’s a
good idea to install a pilot light, to indicate
power is on. The 11 (and R!) neon bulb
circuit will indicate when the receiver is
standing-by, it will extinguish when S! is
closed. If you want to indicate when the
receiver is plugged into the outlet (whether
it's on standby or operating) use the 12 and

R2 neon bulb circuit. =
PARTS LIST
SR1—Silicon diode rectifier type 1N539,
IN1489, 1N1763, 1N2612 or 1N2861

{See text for details.)
11, I2—Neon light, type NE-2
R1, R2——100,000-0hm V;-watt resistor, 10 %

Estimated cost: $1.25
Estimated construction time: 30 minutes

R2
100K
gt I TO TV OR
SR1 12 RADIO
ot CIRCUITRY
A5 e
1 N
R CHASSIS
“’lOVOVKV‘@' 7” GROUND

Schematic diagram of AC circuit additions
that can be made in any AC/DC receiver.

Author points out neon bulb he installed.
Bulb can be seen through radio’s cabinet.
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With a fan added to your
TV set, cool air can be
pushed into the front of
the set, circulated around
hot tubes, and vented out
the rear louvers and grille.

PLAN TO

BEAT
THE
HEAT

It's like the Sahara in your

TV set unless you fan it cool

By Fred Blechman, K6UGT

F you own a portable television set, you

may find the handle too hot to handle after
a few hours of continuous use. Many of the
sets on the market today are not adequately
ventilated and the heat build up inside the set
results in costly repairs and a shortened life
for your TV set. Therefore, it will be wise to

An aluminum grille panel cut to size mounts
directly over the ‘‘Whisper Fan' input port
to prevent accidental injuries and sucking up
large particles and papers into the TV cabinet.
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add an air circulating fan to the set to pro-
long its useful entertaining life.

Originally designed for hi-fi installations,
the Rotron “Whisper Fan” is engineered to
operate at an inaudible sound level (minus
18 db speech interference) while delivering
65 cubic feet of air per minute. The 4%"
x 4%" x 12" unit draws 7 watts from the
115-volt power line. Pre-lubricated bear-
ings and relatively low speed for a fan (2000
rpm) ensure long-life operation for the fan
and the TV set. There are other fans on the
market, both new and surplus. Be very care-
ful when you buy. The fan must be able to
work off the AC power line continuously
without overheating and to operate at a very
low noise level so as not to disturb your
listening pleasure. Also, avoid fans with
brushes—they may cause TV snow.

The fan can be installed directly over
existing vent holes without cutting any holes
as the author did. However, efficiency will
be higher if you reduce back pressure on the
fan by cutting or punching a larger hole.
Secure the fan in place and connect the fan’s
leads to the TV set’s circuitry so that it
comes on when the set is turned on. To avoid
broken or cut fingers, cut a piece of decora-
tive aluminum grille to fit over the fan’s in-
put port. The grille will keep fingers out of
harms way. The brackets, pressure-sensitive
foam pad, vibration grommets, bolts and
nuts come with the fan, however the author
found the vibration isolation unnecessary. B

SUMMER 1964



COLUMN
SPEAKER
FOR
YOUR

Small enough to be set anywhere
in a room, yet large enough

to produce big-speaker

sound, this novel unit

can be completely assembled

in about three hours, plus
paint-drying time. Build

two and get stereo performance

By Julian M. Sienkiewicz
WA2CQL, 2W5115

ELEMENTARY ELECTRONICS

*

OU’LL be more than pleased with both

the appecarance and performance of this
two-speaker hi-fi system. It’s so easy to con-
struct that you might as well build two of
them and thus achieve stereo operation.

After scanning the materials list, buying
the required items, and carefully studying the
drawings you could probably assecmble the
system without detailed instructions—it’s
that simple in design.

How it works. The main function of the
spcaker cabinct is to prevent the mixing of
sound waves from the rear of the spcaker
with those from the front of the speaker.
Since the former is 180° out-of-phase with
the latter, any mixing of the two waves would
cause sound cancellation, especially at the
low frequencies.

The column speaker cabinet simulates an
enormously large baffle in an unusual way.
Two thin (2-in.-depth) high-fidelity speakers
are connected out-of-phase, and located at
the top and toward the bottom of a small air-

123



3 75x%" (4 REQ)
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Column specker can be assembled by fol-
lowing construction details shown above.
Construction can be speeded up by having
lumber dealer cut plywood to exact sizes.

LOWER SPEAKER

‘/"‘\
e

\

y

———

rd

Wiring details for the column speoker are
shown below. Feedthrough terminals are
necessary to prevent air leaks between
the wunit's oair-tight and Jower chambers.

UPPER SPEAKER

=

RED TERMINAL \
BLACK TERMINAL

; o SOLDER LUG

SCREW USED AS FEED- >
THROUGH TERMINAL

5

a
oY
SOLDER LUG —

TERMINAL STRIP —

CROSS SECTION OF
MIDDLE SQUARE PIECE
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tight chamber. When the upper speaker’s
cone pushes up, it causes the airtight cham-
ber to expand, which in turn thins the air,
resulting in “suction.” This suction loads
down the upper speaker’s cone. Hence,
sound distortion. However, the lower speak-
er in the airtight chamber is doing just the
oppositc: When the upper speaker is en-
larging the airtight chamber’s volume, the
lower speaker is reducing the volume by
pushing its conc into the chamber. There-
fore, the volume of the airtight chamber
remains almost constant, simulating large-
cabinet volume.

The two Lafayette SK-231 speakers are
wide-range types designed to give optimum
performance under adversc conditions. In
the column spcaker, bass response comes
down to below 60 cycles, with fair results at
50 cycles. Considering the size of the speak-
ers and column cabinet, along with the
moderate cost of assembly, the column
speaker is a high-fidelity miracle.

Assembly. Screw three of the four ply-
wood sides (33 x 72 x V2-in.) together with
2-in. flathead screws, as shown in photo.
Drill holes and countcrsink before screwing
the overlapping pieces in place.

Cut 5Y2-in. holes in two of the thrce

(Continued on page 128)

FITTING

33x7 VaxV/y-in.
sides together with screws is the first step.

the four plywood

ELEMENTARY ELECTRONICS

SPEAKER is mounted on 7-in. square of ply-
wood. Screwdriver points to two solder lugs.

'

T Y

AFTER wiring the speakers, seams of upper
chamber are sealed with Mortite house putty.

L e . 2T

FOAM RUBBER is used as acoustical padding
to line all sides of the airtight upper chamber.
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BEST
BUYS

dry cell batteries

(Continued from page 66)
being the sum of the individual cell voltages.
This is illustrated -in Figure 9 on the left,
which shows three water tanks connected “in
series.” The total water pressure is the sum
of the individual water pressure in each tank.

The total current capacity of a group of
cells may be increased by connecting the cells
in parallel. In this connection, the total cur-
rent capacity is the sum of the capacities of
the individual cells. This is illustrated in Fig-
ure 9 which shows three water tanks on the
right connected in “'parallel.” The total water
capacity is the sum of the water in the three
tanks. Notice that the water pressure remains
the same as one tank. This also holds true for
parallel connected cells, where the electrical
pressure, voltage, is the same as for a single
cell.

Internal Resistance.  Figure 10 demon-
strates the cffect of the cell’s internal resist-

CAMPING HANDBOOK
No. 694 —Fall Edition

Special features on Beach Camping,
Wilderness Camping, Boat Camping
and Tent Camping plus articles on
Converting Your Car to a Camper;
Instant Foods; How Not to Get Lost.
Big Bonus: Camper Rigs Roundup.

K All this and much more!

ance. Here we sce a cell, a series resistor, and
load. The series resistor represents the in-
ternal resistance of the cell. Assume for a
moment, that the load current increases. This
will draw more current through the series
resistor, and an old friend, Ohm’s law tells us
that the voltage across the load will drop
due to the increased voltage drop across the
series resistor.

The series resistor shown in Figure 10 is
actually the internal resistance of the cell. It
was not put there by the manufacturer de-
liberately. Rather, its existence is due to the
natural resistance of the material used and
can only be minimized by careful design.
Thus, as the current drawn by a load con-
nected to the cell increases, the cell’s output
voltage will drop due to the increased voltage
drop across the cell’s internal resistance.

The internal resistance of a cell is lowest
when it is new, increasing as the cell is used.
This is why the output voltage of a cell drops
under load after it has been in service for
some time. You can visibly notice this effect
by observing the diminishing light of a flash-
light as the batterics near the end of their
useful life.
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SALVAGE &
SURPLUS PROJECTS
No. 695—1964 Edition

SALVAGE |

AND SURPLUS PROJECYS
“\ﬁﬂ'

Dozens of projects you can build from
salvage or surplus parts. Featured
articles on building a water fountain
from a washing machine pump; air

ON SALE
NOW

AT YOUR NEWSSTAND
OR USE 'COUPON BELOW

S&M HANDBOOKS
505 PARK AVENUE
NEW YORK, NEW YORK 10022
Enclosed is $_ . Please send me the

following S&M Handbooks, circled below. Each
Handbook is $1 (includes postage and handling).

694 695

O Enter my special four issue subscription to
CAMPING HANDBOOK, starting with No. 694,
My full payment of $3.00 is enclosed.

conditioner from old refrigerator—and Name =
(Please print)
more. Special: complete directory of Address_________
surplus military electronic gear. ) kc'ty ey 20
Shelf Life. Dry ceclls placed in storage Testing Cells and Batteries. Cells and

or those which are idle for periods of time,
gradually deteriorate. This deterioration is
the result of slow chemical changes which
take place within the cell due to impurities
in the materials used. This characteristic is
known as the cell’s shelf life, and is the rea-
son why many cells bear dates indicating that
the cell should be placed in service before the
time indicated. Certain types of cells, such as
mercury cells, have the desirable character-
istic of almost no deterioration when inactive
over extended periods of time.

Temperature. The shelf life of dry cells
can be decrcased considerably when their
temperatures exceed 70° F. The reduced
shelf life of cells is due to both accelerated
chemical action within the cell and loss of
moisture from the cell.

Extremely low temperatures will reduce
the current delivering capacity of most cells,
although the cells will return to normal when
brought back up to normal operating temper-
ature. Cell shelf life is prolonged at low tem-
peratures due to the fact that local chemical
action caused by impurities within the cell
is slowed down.

ELEMENTARY ELECTRONICS

batteries should always be checked for proper
output voltage under normal load conditions.
If they are checked under no-load conditions,
they may deliver their rated voltage which
will then drop when they are placed in serv-
ice due to their increased internal impedance.
Therefore, it is always best to check battery
voltage connected to the entire load. ]

“Looks like he's having trouble
with his horizontal hold!"
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Column Speaker

(Continued from page 125)

7x7-in. plywood pieces. Mount the two
high-fidelity speakers on these pieces, using
1% -in. roundhead screws. On the piece
used to mount the lower speaker, drill two
holes to pass a pair of §2 x 1-in. machine
screws. These will serve as feed-through
terminals to connect the speaker leads. Use
solder lugs at both ends of each screw, and
nuts and lock washers at end of each.

Using 2-in. fh screws, attach the speaker-
mounted plywood squares in place at the
points indicated in drawing. The third square
is attached at bottom of cabinet. Now wire
the speakers in series, following the diagram.
Install a two-post screw-type terminal strip
on the bottom square, as shown in drawing.

Seal the chamber joints with household
putty and install foam rubber acoustical
padding. These steps are shown in accom-
panying photos. Attach the fourth side piece
and then paint the cabinet black.

A square yard of grille cloth will cover
the sides. A smaller, 10-in. square of it will
cover the top. Fold in place and attach with
staples until snug. Then attach with uphol-
stery tacks, removing staples. Connect the

COAT the assembled column with flat, black
paint. It will highlight grille cloth’s coloring.

TOP of speaker system (right) is also cov-
ered, using upholstery tacks to attach cloth.
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column speaker to the 16-ohm terminals of
your amplifier and you’re set to enjoy that
hi-fi sound. An aluminum Jell-O mold can
be used to decorate the column top. -

MATERIAL LIST

4—33"x 7" x " plywood sides

3—7" x 7" x V2" plywood squares

5 sq. ft.—foam rubber padding 1” thick

2—6Y%" dia. high-fidelity speakers, 2” deep
(Lafayette Radio SK-231 or equiv.}

1—2-post, screw-type terminal strip

2—8/32-1" machine screws

4—8/32 machine hex. nuts

4—3 8 soldering lugs with lock washers

1 package—upholsterer's finishing tacks
1—36" x 36" grille cloth for sides

1—10" x 10” grille cloth for top

Misc.—flathead wood screws, glue, Mortite putty
(29¢ size), wire, black paint, sandpaper, alu-
minum Jello mold (for top of column, if desired).

Estimated Cost: $16.00 for one column speaker
and $28.00 for two (saving made in quantity pur-
chases).

Estimated construction time: 3 hours per column
speaker provided wood is purchased cut-to-size.
Paint drying time not included.

GRILLE CLOTH is used to cover column. Use
staples until secured with upholstery tacks.
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RAIN AT HOME with NRI

For 50 years the leader in training men
for careers in Electronics, Radio-TV

Training men to succeed in the many fields of
Electronics has been NRI's only business for half
a century. The NRI diploma is respected and rec-
ognized by prospective employers in business and
industry throughout the U.S. and Canada. NRI
graduates are enjoying higher pay, more inter-
esting work, better futures in every field of
Electronics . . . performing work for which you
could qualify through NRI ‘‘learn-by-practice™
methods. And NRI provides training at reason-

[ P / »

able cost because it is the oldest, largest home-
study school of its kind. If you want the security,
prestige and freedom from financial worries that
come with training then you want to
investigate NRI's specialized instruction plans and
the many career opportunities in the fast-growing

Electronics industry. Write now for our two
free books. Use .
the postage-free »

card below.

THE DEMAND IS GREAT FOR SKILLED TECHNICIANS
. et n

&

NR1's Servicing course trains you to
fix black-and-white and color TV
sets, radios, hi-fi, etc., shows you
how to make $3 to $5 an hour in
spare fime soon after enrolling.
Leads to a good full time business
of your own, servicing Electronic
products for the home.

Prepare for a career os an Electro-
nic Technician in industry, business,
government, the military, with NRI
training in Industrial Electronics.
Computers, telemetry, automation,
etc. all employ the same basic
electronic principles, and that is
what NRI training stresses.

Communications offers a choice of

coreers operating or servicing
transmitting eguipment in broad-
costing, aviution, marine, mobile
radio, etr. Frem simple circuits to
FCC =xams, NRI! courses train you
quickly in one or alf of the Com-
wnications fields.
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Permit
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“
PICK YOUR CAREER

Join the thousands who gained
success through NRI training

Television-Radio Servicing
Industrial-Military Electronics

Thousands of ambitious men have moved up to career-level
jobs or businesses of their own in Radio-TV Servicing, Com-
munications, Industrial and Military Electronics through NRI

N =t

training. The demand for skilled Technicians in this age of 3, Complete Communications
color TV, stereo, rockets, missiles, computers, telemetry, .

microwave, lasers, masers and automation is greater than 4. FCC License

the demand for engineers—4 to 7 times greater. Whether 5. Basic Electronics

you're working in Electronics now, are a hobbyist or begin- .

ner . . . whether you're a college graduate or @ man who  ©- Math for Electronics

had to leave school early . . . whatever your desire or edu- 7. Aviation Communications
cation, there's Electronics training for you among NRI's 5
specialized instruction plans. Choose from “'short courses,”” 8. Marine Communications
specialized training in fields of Communications or intensive 9. Mobile Communications

training for career positions. Get full details about the ) .
course of your choice without obligation. Mail card below. 10. Electronics for Automation

SPECIAL NRI EQUIPMENT MAKES TRAINING FASTER, EASIER

-

When you train with NRI, you "learn-by-doing" with carefully developed
custom-designed equipment included—at no extro cost—with most courses,
All equipment is yours to keep. Projects you build, experiments you per.
form, make NRI illustroted lessons come to ljfe. Complex subjects take on
practical meaning. Actval shap and loboratory experience makes learning
faster, easier, mokes you more valyable to praspective employers—or use
it to moke extru money in your own spare time or full time service
business. Free books we send you show equipment, tell about the NRI

Trial Enroliment Plon. Convenient

s, -'."1" monthly payments. Mail postage.
1 MEK. . ) free card.

L
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NATIONAL RADIO INSTITUTE, WASHINGTON, b.C.

Please send me your two books about opportunities in
Electronics-Avtomation, Radio-TVY and your specialized
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