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DETAILS OF THE PROGRAM

“Classics that Made the Hit Parade” includes
these popular symphonic themes:

Borodin Polovtsian Dances from Prince Igor
(Stranger in Paradise}

Tchaikovsky Symphony No. 5in E

(Moon Lave)
Waldteufel Espana Waltz
(Hot Diggity)
Chopin Polonaise No. 6, in Ab Major

(Till the End of Time)
Symphony No. 6 in B

{The Story of a Starry Night)
Piano Concerto No. 2 in C Minor

{Full Moon and Empty Arms}
Fantasie Impromptu in C# Minor

(I'm Always Chasing Rainbows}
Romeo and Juliet Overture

{Our Love)
DETAILS OF THE OFFER
This exciting recording is available in a spe-
cial bonus package at all Audiotape dealers.
The package contains one 7-inch reel of
Audiotape (on 1%-mil acetate base) and the
valuable “Classics that Made the Hit Parade”
program (professionally recorded on Audio-
tape). For both items, you pay only the price
of two reels of Audiotape, plus $1. And you
have your choice of the half-hour two-track
stereo program or the 55-minute monaural
or four-track stereo versions.

See your Audiotape dealer now.

Tchaikovsky
Rachmaninoff
Chopin

Tchaikovsky

— a new bonus reel from Audiotape

Some of our greatest popular songs — hits like “Full
Moon and Empty Arms,” “Till the End of Time,”
“Stranger in Paradise” — tcok their melodies from the
classics. Eight of these lovely themes—in their original
classical setting —are the basis for “Classics that Made
the Hit Parade,” a program with strength, variety, and,
of course, rich melodie beauty.

This unusual program, professionally recorded in
sparkling full fidelity on Audiotape, is available RIGHT
Now from Audiotape dealers everywhere. (And only
from Audiotape dealers.) Ask to hear a portion of the
program, if you like. Then, take your choice of a half-
hour of two-track stereo, or 55 minutes of four-track
stereo or dual-track monaural sound — all at 7% ips.
Don’t pass up this unique opportunity.

“Classics that Made the
Hit Parade” makes an ideal
addition to Audio’s first two
bonus reels, “Blood-and-
Thunder Classies” and “High
Spirits,” still available at
Audiotape dealers.

AUDIO DEVICES, INC., 444 Madlson Ave., N. Y. 22, N. ¥
In Hollywood: 840 N. Fairfax Ave. * In Chicago: 5428 N. Mllwaukee Ave
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NOW READY
. The NEW NRI Home Study Course in
ELECTRONICS

PRINCIPLES — PRACTICES — MAINTENANCE

SPECIAL TRAINING
EQUIPMENT

No extra cost. In NRI Electronics train-
ing especially developed training kits
bring to life theory you lcarn in easy,
illustrated lessons. You get practical ex-
perience with Thyratron Tube circuits,
Multivibrators, Capacitors, Diodes, Tran.
sistors, Telemetry, Computer Circuits
and other basic circuits and components.

O 3
KIT 1 Cet practical experience
measuring  voltage, current,
building circuits.
KIT 2 Build d’Arsonval type Vac-
uum Tube Voltmeter, Test
power line frequencies, high audio, radio
frequency signals, resistances.
KIT3 Practice with resistors, ca-
pacitors, coils, Work with
half-, full-wave, bridge, voltage doubler
and pi-type filter circuits.
KIT 4 Build circuits with pentode
tubes, selenium resistors,
transistors. Build oscillator, check signal
phase shift with oscilloscope.
KIT 5 Experiment with thyratron
tube circuits, Lissajous pat-
terns. Study basic amplitude detector cir-
cuits, modulation, demodulation.
KIT 6 Get practical experience
with  magnetic amplifiers,
learn to use modified Prony brake; deter-
mine motor torque. Use strobe disc to
nieasure motor speed.
KIT 7 Learn eflccts of positive and
negative feedbacks (used in
analog computers). Practice varying po-
larizing voltage and illumination.
KIT 8 Experiment with multivibra.
tors used as timing genera-
tors in binary counters, and as frequency
dividers. Learn to use blocking oscilla-
tors, thermistors. '
KIT 9 Practical experience in
telemetry circuits used in
earth satellites, remote control devices.
Work with basic circuits used in digital
and analog computers.
KIT 10 Assemble circuits in elec.
trical and electro-mechani.
cal systems, make valuable practical
electronic circuits.
MAIL COUPON--New 64-Page Cata-
log pictures and describes Training
Kits, expiains what you tearn.

NRI is America’s oldest, largest home
study Radio-Television-Electronics
school. For over 45 years NRI has been
training men without previous experi-
ence for success in Radio-Television
Servicing and Communications. Now,
expanded uses of Electronics in indus-
try, business and defense are increasing
the demand for Electronic Technicians.
Four to seven Technicians are needed
for every engineer. To meet this de-
mand NRI announces a complete, com-
prehensive course in ELECTRONICS
—Principles, Practices, Maintenance.

This training stresses basic fundamen-
tals because so many Electronic devices
are buill around identical Electronic
principles. It is for beginners, or for
Technicians who wish to expand their
knowledge.

This is the
Electronic Age.
Electronie
Equipment is al-
ready heing used
to count, weigh,
control flow of
2 liquids, solids,
gases. Control exposure in photog-
raphy, detect fumes, or fire. In-
spect at remote points. Supervise
traffic. Survey land areas and ocean
contours, Search for oil, niles be-
neath the surface. Measure radia-
tion and control power levels in
atomic installations. Control air
traffic. Translate one language into
another. The MILITARY applica-
tions of Electronics.. .. particularly
in space rockets and missiles, track.
ing devices, etc., . . . probably equal
all of the uses ahove. Electronic
equipment is used to machine parts
through complex cycles. It is used
in business to process data, control
inventory, prepare payrolls, post,
calculate, and in
medicine for
electrodiag- |
nosis, measure
body character-
istics, electro-
surgery.

... - ::..Q
Job Counselors Recommend
Right today a career in Electronics offers

unlimited opportunity. Job Counselors
know the pay is high, jobs interesting,
advancement opportunities great. They ad-
vise ambitious, aggressive men who want
higher pay now and a better future: “For
an interesting career, get into Electronics.”
Learn More to Earn More

Simply waiting and wishing for a better
job won’t get you ahead. You have to de-
cide you want to succeed and you must act.
NRI can provide the training you need
at home in spare time. No need to go away
to school. You don’t need a high school
diploma or previous Electronic experience.
This eourse is planned to meet the needs
of beginners. You work and train with
components and circuits you will meet
throughout your Electronics career. You
get especially developed training kits for
practical experience that make Electronics
easy, simple to learn,

Oldest and Largest School
Training men to succeed, is the National
Radio Institute’s only business. The NRI
Diploma is respected and recognized. NRI
graduates are everywhere throughout U.S.
and Canada. Mail the coupon today. New,
FREE 64-page Catalog gives facts, oppor-
tunities about careers in Industrial and
Military Electronics, also shows what you
learn. facts aliout NRI's other courses in
Radio-Television Servicing and Radio-
Televizion Communications. Monthly pay-

ments available,
HOME STUDY RADIO.TY $CHOOL

H OLDEST & LAROES™
afional Radio Enstitute
WASHINGTON 16, D.C., ESTABLISHID 1914
iL THIS COUPON NOW
| NATIONAL RADIO INSTITUTE

Washington 16, D. C. OKI44
| Send me full infcrmation without cost or obliga.

tion, Na salesmen will call,
| (Please print.)

: Name
I Address

| City

ACCREDITED MEMBER NATIBNAL NOME STUDT COUNCIL

POPULAR ELECTRONICS is published monthly by Zi:
a8 Chicago 5, 11

1953y, at 43 S, Wabash Ave.,

Department, Ottawa, Canada. as second-class matter.

fl-Davils Publishing Company. Witliam B. Zi¥. Chairnmn of the Bomel (19406-
Becond-class postage paid at Chicago, Illinnis,
SUBSCRIPTION RATES: One year U.S. and possessions, and Canada $4.00;

Authorized by Post Office

Pan-Amerlcan Unlon Countries $4.50, all other foreign countrics, $5.00.
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"Bonus” Feature
THe TranSfOrmMer. oo vv st e e e e iaar e aaaceaaes Ken Gilmore 67

Here's the full story of this useful coupiing device—from its inception
to its present-day uses—complete in a special 16-page '"bonus’ section

Electronic Construction Projects

Mobile Short-Wave Converter..........coorvvnininees J. A. Stanley 57
Kill Those Harmonics. ..........ccecrveveons Kent A. Mitchell, W3IWTO 60
Vibrator Substitute. ......ccovriirirrmemnaarreens Potrick A. Gainer 64
Citizens Band Transceiver Kit. . ... .. . i s 87
Diode Noise Generator...........oeeeveecnroarns Herb S. Brier, WIEGQ 95

Audio and High Fidelity

Hi-Fi SROWCASE. o\ v ttee vt cai e n i e s e 36
Living with Loudspeakers. .............ccoirimiannrennene: John Milder 48
Keeping Your Hi-Fi on the Level...........c.oovvennene. Art Trauffer 62
AM/FM Stereo TUNGI. .o .ovt it 101
SUPEP STEIEO0. .. cuvntvneer s ae st 102

Amateur, CB, and SWL

FCC Report: CB and Amateur News................c... Robert E. Tall 8
Amateur Radio—The King of Hobbies.......... Donald L. Stoner, W6TNS 41
On the Citizens Band...........oiveriecnoreernnns Tom Kneitel, 2W 1965 86
Across the Ham Bands: Substituting Parts....... Herb S. Brier, W9EGQ 93
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Electronic Features and New Developments

Notes from the Editor: Reader Services............... Oliver P. Ferrell 6
Language Laboratories........... ..ot George Lesko 46
Pulse Modulation. .. ..o orvevireoriiieerannerrnas Herbert Kondo 53
Circuit QUIZ. .ottt i et e Robert P. Balin 66
Test Instruments—Bridges (Part 1).................... G. H. Harrison 83
The Radar Man. . ...t oreinanenaeonnernaeanns Educated G.I. - 88
X Rays (After Class Feature).................... Fred E. Ebel, WIPXA 89
Keep Those Contacts Clean. ... ..., Ken Murray 96
Transistor TOPICS. o u e urerreen et Llou Garner 98
Transmitters on the MoOVe. ... ...t ees 104
Carl and Jerry: The Crazy Clock Caper............ John T. Frye, WIEGY 112
Pity the Poor Customer..............ovovuiatnnen. Charles Rodrigues 114
Departments

Letters from Our Readers. . ... ..ot 12
POP’tronics Bookshelf. . ... ... i e 20
NeEW ProductS. . .o oo vttt 28
Tips and Techniques. ..........oo ittt 32
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ALLIED value-packed 1961

444-PAGE ELECTRONICS CATALOGC

LLIE S

srann AVEHUE
Es

BUY ON EASIEST TERMS
ONLY *2 DOWN

Yes, only $2 down on orders up to $50; only
$5 down on orders up to $200; only $10 down
over $200. Up to 24 months to pay.

ALLIED Exclusives:

MONEY-SAVING KNIGHT-KITS®—the very best in
build-your-own electronic equipment—designed to
save you money, easiest to assemble—the only
kits offered with Free Inspection Privilege. See the
complete selection of Stereo hi-fi kits, Hobbyist
kits, Test Instrument and Amateur kits. KNIGHT-
KITS are an exclusive ALLIED product.

KNIGHT® STEREO HI-FI—comparable to the best in
quality and performance, yet priced far lower in
cost. Select super-value KNIGHT components or
complete systems and save most. Also see the
largest selection of famous-name stereo hi-fi com-
ponents and money-saving ALLIED-recommended
complete hi-fi systems.

ALLIED RADIO

10N GUARANTEED
o AOT
World’s Largest Electronic Supply House

October, 1960

including products available only from Allied

[ ]
’

SAVE MOST ON
EVERYTHING IN ELECTRONICS

—= ©® N2west S-ereo Hi-Fi Systems—~
i;| Everything in Hi-Fi Components
=l & Money-Scving, Build-Your-Own
KANIGHT-KITS " for Every Need
® Best Buys in Recorders & Supplies
® Newest Public Address Systems,
Paging and Intercom Equipment

® Amateur Receivers, Transmitters,
and Station Gear

e Cizen's Band 2-Way Radio
® Test and Laboratory Instruments
® TV Tubes, Antennas, Accessories

® Huge Listings of Parts, Tubes,
Trunsistors, Tools, Books

Wopty—

Get every buying advantage at ALLIED: lowest money-
saving prices, fastest shipment, expert personal help,
easiest-pay terms, guaranteed satisfaction.

the most complete
electronics catalog!

“AGBDoANSSOTESSNDOSN :

ALLIED RADIO, Dept. 109-K H
100 N. Western Ave., Chicago 80, lil. :
n

O Send FREE 1961 ALLIED Catalog. :
H

Name e
.

"

Address :
.

City _ _ Zone___ State :
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Prepare for a
Profitable, Exciting Future

cal Fxperience
" Required!

) - Qpportunities were
= never greater for the man
S "who wants to get someplace
' and be somebody than they are
today in the fast-expanding, profit-

able field of Electronics.

let us tell you without cost or obligation
how you may prepare for a real career in one
or more branches of Electronics, either in
— our well-equipped Chicago or Toronto lab-
oratories—or at home without interfering

"o ADVAHCED & v with your present job. Send coupon for
EDUCATION NEEDED! AR § el

Prepcre now for Electronic job W e AN EXCELLENT OPPORTUNITY
opportunities in — : B FOR MEN 17-55!

Radar Remote Control k i , .

Guided Missile Systems Even if you haven’'t on advanced education,
Control Automation : ¢ find out how you moay prepare in your spare

Computers Electronics i time at home, to enter the BIG OPPORTUNITY

Radio Industrial - field of Electronics. Moil coupon TODAY!
Television Electronics .
Broadcosting Your Own

Communications Service Shop ;R‘t‘.i sqmp'e BOOklet!

We’ll give you a free copy of an
interesting booklet, "Electronics
and YOU.”’ See for yourself how
you may take advantage of
the opportunities in this grow-
ing field.

Draft Age ? [\ i ey
\/

Free Employment Service

DeVry Tech's Placement Department Is in contact with some of
the best-kncwn employers in the Electronics field. The service
is free to I graduates — and DeVry Tech’s record in helping
to place men has been outstanding.

. - - = 7
We have valable informztion for every man of draft age; so it AI—L GOUPON TODAY!
you are subject to military service, be sure to check the coupen. DeVRY TECHHICAL INSTITUTE

4141 Belmont Ave., Ckicago 41, III, Dept. PE-10-Q

Please give me your FREE booklet, “Electronics and Space
Travel,” and tell me haw | moy prepare to enter one or more
branches of Electronics as listed above.

Accredited Member of National Home Study Councit

= "One af North Americo’s

Foremost Electronics
Nome_ = Age,
Please Prinl

Training Centers’’
Street Apt.

 Jg8s
b e s i ﬂgq?:};?i i
D e v R Y TNEg;"NT'g ? E ‘E]'YEQ here if subject fo Military rri:?:; — i =

Canadian residents address: DeVry Tech of Canada, Lid.
4141 Belmont Avenue . Chicago 41, lllinois 2032

970 Lowrence Mvenue West, Toronto, Ontario
- -
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Notes from the
Editor

READER SERVICES. My first month as editor of POPULAR ELECTRONICS has
certainly not contained a dull moment. It has been a very busy month
—during which the staff has lined up some marvelous things for the
future. Among them are informative and newsworthy feature stories
andsomeofthebestdo-it-yourselfconstructionmaterialI'veever
seen. In this editorial, however, I want to concentrate onan impor-
tant problem--the matter of reader inquiries and correspondence.

As last month relled by, I was literally astounded at the mounting
stack of reader inquiries that flooded the P.E. offices. In less
than four weeks, nearly 600 cards and letters requiring an answer
crossed my desk. Many of these inquiries were not simple and unin-
volved by any stretch of the imagination. To answer them properly
would have required exhaustive research. Approximately 80% did
not even deal with material published in POPULAR ELECTRONICS, but
instead ran the gamut of requests from career advice to how to
repair TV receivers.

An editor would be the last NOT to expect reader mail, but I do
think that this is an opportune moment for me to spell out just
what we can, and cannot do, for our readers. It goes without saying
that we will attempt to answer all inquiries pertaining directly
to published material in any issue of our magazine. However, we
cannot possibly answer requests for:

—new designs or original engineering involving material or ideas
that have no direct bearing on articles which have been published
in POPULAR ELECTRONICS

—information on material published in other magazines

~help in finding a job or planning your career in electronics

~help in selling your old equipment or estimating its value

—''advance'' information on one of next month's construction
articles, so you can be first in your neighborhood to build it

—the design of a ''sure winner'' for the next science fair
If you write to POPULAR ELECTRONICS and your letter requires an
answer, be sure to include your correct mailing address. If our reply

to your letter seems unduly delayed, please understand that the
pressure of putting out a monthly magazine consumes much of our

POPULAR ELECTRONICS



F.C.C. LICENSE —THE KEY TO BETTER JOBS

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

Lear

PAVI VabnTe e
ey

WHICH LICENSE FOR WHICH JOB? :‘

The THIRD CLASS radiotelephone license is of value _%
primarily in that it qualifies you to take the second class 50'-]
examination. The scope of authority covered by a third class N
license is extremely limited. 1A

The SECOND CLASS radiotelephone license qualifies ;‘dh:q
you to install, maintain and operate most all radiotelephone §‘?‘
equipment except commercial broadcast station equipment. ";_..;'

The FIRST CLASS radio tclephone license qualifies you ’A:.\‘
to install, maintain and operate every type of radiotclephone s

equipment (except amateur) including all radio and tele-
vision stations in the United States. its territories and pos-
sessions. This is the highest class of radiotelephone license
available.
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GRANTHAM TRAINING PREPARES YOU

The Grantham course covers the required subject
matter completely. Even though it is planned prima-
rily to lead directly to a first class FCC license, it does
this by TEACHING you electronics. Some of the
subjects covered in detail are: Basic Electricity for
Beginners, Basic Mathematics, Ohm's and Kirchhof's
Laws, Alternating Current, Frequency and Wave-
length, Inductance, Capacitance, Impedance, Reso-
nance, Vacuum Tubes, Transistors, Basic Principles
of Amplification, Classes of Amplifiers, Oscillators,
Power Supplies. AM Transmitters ard Receivers, FM
Transmitters and Receivers, Antennas and Trans-
mission Lines, Mcasuring Instruments, FCC Rules
and Regulations, and extensive theory and mathe-
matical calculations asscciated with all the above
subjects explained simply and in detail.
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OUR GUARANTEE

course, we guarantec to give additional training at NO §
ADDITIONAL COST. Read details in our free booklet.

o
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n by Correspondence or in Resident Classes

Grantham training is offered by correspondence or in
resident classes.
thoroughly---teach you a great deal of electronics and
prepare you to pass the F.C.C. examination for a first
class license.

Either way, we train you quickly and

Get details now. Mail coupon below.
N NN
\ \‘\\\\\3\\& N

This booklet ¥

. FREE!
Bewnes ot

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

ik

To get ahead in electronics —first, you need the proper train-
ing; then, you need “proof'” of your knowledge. Your first class
commercial F.C.C. license is a “diploma” in communications
electronics, awarded by the U.S. Government when you pass
certain examinations. This diploma is recognized by employers.
Grantham School of Electronics specializes in preparing you
to earn this diploma.

Grantham training is offered in resident classes or by cor-
respondence. Qur free booklet gives complete details. If you
are interested in preparing for your F.C.C. license, mail the
coupon below to the Schoal's home office at 1505 N. Western
Ave., Hollywood 27, California —the address given in the coupon
~and our free booklet will bz mailed to you promptly. No
charge —no obligation,

{Mail in envelope or paste on postal cord)

HOLLYWOOD RESIDENT CLASSES I 4 —}
CALIF. HELD IN FOUR CITIES : H
i I To: GRANTHAM SCHOOL OF ELECTRONICS |
T Ifyouare interest- ! 1505 N. Western Ave., Hollywood, Calif. |
ed in attending day | Gentlemen: i

WASH. . : n
or evening classes I Please send me your free booklet telling how | can get my com- |
. | mercial F.C.C. license quickly: [ understand there is no obligation |
mail the coupon for ! and no salesman will call. !
KANSAS CITY 3 ; | !
MO free information to ] 1
H : | Name. - _ Age. 1
our home of- | i
fi . 1 } Address 1
WASHINGTON ice inHolly- [ i, = |
D.C. wood, Calif, b B |
1} am interested in: [JHomeStudy, (J Seattle classes |

6 |

L 3 ¥ [J Hollywood ¢lasses, (] Kansas City classes, [J Washington classes :
| MAIL COUPON NOW —NO SALESMAN WILL CALL=>| _ _ __ ___ o _______ b
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TRANSISTOR CIRCUIT ‘

handbook

FOR THE HOBBYIST

NOW AT YOUR LOCAL
SYLVANIA SEMICONDUCTOR
DISTRIBUTOR'S. Only 50¢.

Get a copy today!

Sylvania Semiconductor Division, Woburn, Mass,

SYILVANIA

Sutsthory of GENERAL TELEPHONE & ELECTRONICS (&)

"-FCC

Report

ﬁ*ﬁ*ﬁ*ﬁ*ﬁ fi3:822223:2:2418:4
By ROBERT E. TALL

Washington Correspondent

CB and Amateur News

ITIZENS BANDERS who have been
waiting anxiously for the FCC to raise
the permissible power input for Class D
stations to 25 watts can relax—at least for
a while. So, too, can CB'ers looking for-
ward to the day when FM transmissions
will be permitted on the Citizens Band.
The earliest the Commission can be ex-
pected to make any final changes in Class
D regulations is two or three months after
an initial notice of proposed rule-making—
and then only if the agency feels that it
can go along with the proposed changes.
The Commission has been receiving a
hefty volume of correspondence concerning
the possibility of such rule changes ever
since a petition for a new 25-watt limit
came in earlier this year from the Connelly
Sales Co. of La Mirada, Calif. One big
drawback to boosting the power of CB sta-
tions is the fact that any increase in per-
missible power would almost surely have
to be accompanied by an increase in techni-
cal specifications for CB equipment. And
this would almost certainly bring about an
unwanted incrcase in the price of the units.
Prior to the August recess of the Com-
mission, il appeared that favorable action
—if any—on the Connelly request would
not come before October. Allowing time
for comments from interested CB'ers and
other procedural steps, final action could
not be expected before the end of the year.
The California company also posed the
question of single-sideband operation in the
Citizens Band. Since present regulations
limit operation to double sideband (Al)
only, this seems to be another matter for
the Commission to consider.
Major revisions in application forms
for the amateur radio fraternity—for re-
newal of licences with or without modifi-

Always say you saw it in—POPULAR ELECTRONICS




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

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

BOX 45868J, SCRANTON 15, PENNA.

O General Electronics Tech. DRAFTING

O Industrial Electronics
{0 Practical Radio-TV Eng’r’g

Practical Telephon
i o [ Good English

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

INTERNATIONAL CORRESPONDENCE SCHOOLS

In Hawaii reply P.0. Box 418, Honoluly

RADIO S%Z: '/‘\csosufting
TELEVISION {0 Managing a Small Business
ELECTRONICS {0 Purchasing Agent

[ Electrical Drafting

HIGH SCHOOL
] High School Diptoma

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
I.C.S. Career Kit. There’s no obligation ... and there’s
a whole new future to gain.

Send coupon helow for your
trﬁ 1.C.S. Career Kit!

D ‘‘How to Succeed" career guide

2!
3

““Career Catalog” of job oppor-
tunities in your field of interest

““Sample Lesson” (math) to dem-
onstrate the famous 1.C.S. method

Accredited Member,
National Home Study Councll

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

ELECTRICAL

[] Electrical Engineering

[] Etec. Engr. Technician

L] Elec. Light and Power

] Practical Etectrician

[] Professional Engineer (Elec.)

LEADERSHIP
O Industrial Foremanship
O Industrial Supervision

1
i
'
1
1
'
)
'
'
'
I
'
'
i
! [ Personnel-Labor Relations
'

0O Radio-TV Servicing [] High School Mathematics ) Supervision
Name Age Home Address
City. - Zona State_______ Working Hours, AM. to P.M,
O i ; ___Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd., Mon-

treal, Canada. . . . Special low monthly tuition rates to members of the U. S. Armed Forces.
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The Wen 100K Solder Gun Kit consists of a feather-
light slim gun with 100 watts power. It heats in
seconds. A built-in spotlight focuses on the wo
In, addition you get extra tips for hot cutfing and
smoothing as well :as a supply of rosin cor= solder
..all"in a stronz metal box for neat zompact
storage. It's perfect for every home

soldering job. Only.

YOU CAN ALWEYS DEPEND ON
NEWER: AND FINER PRODUCTS FROM

FINE FINISH SANDER — Light, handy and quiet. Powerful
motor delivers 14,400 straight-line-action
. strokes per minute. Perfect for fine finish-
ing and polishing. Strong black plastic case.
Comes complete with 6 assorted abrasive
sheets and 2 polishing pads. $13.95

MULTI-PURPOSE 12 HP “‘ALL-SAW’’—Makes “one-job"" saws
obsolete. Does everything a Pattern Saw will

- do . .. more than a circular saw . . . many
"_‘FJ things mormally done by a hand saw or nib-
"_‘k @ bler—ard many things that, until now, only
3 a chain saw could do. UL “Industrially
1. 5 Rated, " it cuts anythmg from & 6” log to
i i intricate patterns in wood, metal, etc. Com-

plete with 7 blades. $44.95
0000000000000 000000000000300000
34/ 2-Speed Power Drill............. $29.95
Lightweight Sabre Saw.........v0ocuus $26.95

WEN PRODUCTS, INC., 5810 Northwest Hwy., Chicago 31, I,

10

cations—are to be put into effect by the
FCC early next year. The Commission
wants to abolish the present Form 405-A—
used for renewal of an amateur operator
license without modification, and the pres-
ent Form 602—used for stations at military
posts.

The reasons given for the change are
that the 405-A renewal form has becn im-
properly used in the past. In addition, it
has been causing administrative difficulties,
since sufficient information has not been
included in many cases.

Both forms are to be replaced with new
Form 610-A, which will cover additional
stations, club stations, or stations for recre-
ation under military auspices. The regular
amateur application Form 610 will be re-
tained.

A “Kilocycle Kops’ episode concern-
ing the FCC and CB’ers took place in Los
Angeles recently. During the afternoon
traffic rush, the Commission’s district office
there received a report that an unidentified
Citizens Band station had been on the air
continuously for some three hours. Al-
though hampered by one-way streets, no
turns, no stopping, no parking, and other
traffic restrictions, an investigative car
manned by an FCC engineer tried hard to
determine where the signal was strongest.

As the search narrowed, according to the
Commission, the FCC engineer heard a
fragment of a conversation in which some-
one was telling a customer that his ac-
count with a certain piano company was
overdue. After the engineer managed to
find a parking space, he visited the piano
company’s office. There, a very flustered
woman explained that she was confused
by the controls an a Citizens Radio set and
didn’t know how to turn it off.

Courteously, the engineer flipped the
switch for her, and the carrier left the air.
The woman said she thought she could
handle it in the future!

At the end of the FCC’s 1960 fiscal year,
on June 30, there was a total of 126,034
Citizens Radio station licenses on the Com-
mission’s books, representing an increase
of 79,965 since the same date a year ago.
Of the total, more than 105,000 are in the
Class D service. Of the new stations added
since July 1, 1959, more than 70,000 are
Class D stations. The Commission has esti-
mated that 90% of its incoming Citizens
Band applications are now for Class D

stations, 30—
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Opportunities in
Electronics

Radar

Guided Missiles
Broadcasting
Aeronautical Electronics
Industrial Electronics
Home Electronics
Computers

Automation

Thousands of interesting well-paid jobs in
electronics must be filled. To fill such jobs,
you need sound technical training. An
FCC license is convincing proof of techni-
cal skill. Send for the three Cleveland In-

a successtul plan for . . .
Electronics Training

L_-------------------------------

GET THIS HANDY POCKET
ELECTRONICS DATA GUIDE

Free..

Puts all the commonly used
conversion factors, formulas,
tables, and color codes at your [
fingertips. Yours absolutely free
if you mail the coupon in 30
days. No further obligation!

TO GET THIS FREE GIFT, MAIL COUPON Within 30 Days!

r-----------------------

Please send FREE Bookiets prepared to help me get
ahead in Electronics. | have had training or experience
in Electronics as indicated below:

O Military

O Radic-TV Servicing

O Broadcasting

0O Home Experimenting
0 Manufacturing
O Amateur Radio

0O Telephone Company

October, 1960

Are you interested in learning how
you can have a profitable career in
any or all of the above fields?

Find out how modern technical training
and a Government License (FCC) can
lead to profitable employment in any
branch of electronies.

stitute booklets offered here. They explain
how you can prepare for an interesting and
profitable career in electronics. Mail the
coupon today—no obligation.

good training doesn’t cost—it pays!

Cleveland Institute
Announces a New and
Dynamic Technician
Training Program

in Computers, Servo Mechanisms
Magnetic Amplifiers and others

Other advanced fields covered include Basic
Math, A. C. Circuit Analysis, Pulse Circuitry,
Cowor TV, Radar, Advanced Measuring Tech-
niques, Industrial Electronics, Instrumenta-
tion, Automation, Radio Telemetry. Send for
information today.

Cleveland Institute

of Electronics

4900 Euclid Ave., Desk PE-70
Cleveland 3, Ohio

Accredited by the
National Home Study Council

In what branch of Elec-
tronics are you interested ?

In what kind of work are
you now engaged?.......

[INYXiB0 0 0 00600000000000000000000000000 Age.......

Address ........ ..ottt

[ Zone.... State......
Desk PE-70

-----J




Supersonic Presses

® I am interested in some of the problems that
the Tacoma Newprint Corporation must have
had in learning how to run its printing presses at
Mach 5! The brand of paper that can travel at
that speed should be used for ICBM nose cones.
CuEesTER E. CLAFF, JR.

Brockton, Mass.

The caption in Ken Gilmore’s article on mag-
netic amplifiers (July, 1960, p. 71) pertaining to
printing presses said 5000 feet per second—when it
should have said 5000 feet per minute. But the
presses are still some of the fastest in the world.

Rebuilding the Relics
a | found your article on rebuilding relics very
informative. I have two such pre-war receivers

that T now use for SWL’ing. In addition to your

suggested alterations I have added an antenna

tuner. One thing seems to be missing, though, and

that is bandspread—what would be the easiest
way to add it to one of these relics?

Joun F. Zima, WPE2CAA

New Hyde Park, N. Y.

w Mr. Wicks’ article was one of the best I have
ever read. I'm out looking for old relics that can
be rebuilt.
NorMAN BANDER
New York, N. Y.

w ] fixed up an old RCA 17K and Philco 610;
the 17K is now my main short-wave receiver.
As vou suggested, some old manuals can be

obtained from manufacturers—I got the RCA
manual for 25 cents.

Davip DRUCKER

Newport News, Va.

“Rebuild the Relics for SWL’ing” (August, 1960,
p. 76) has been attracting considerable reader in-

M

ELECTRON TUBE

INTRODUCES FOR THE, FIRST TIME
ANYWHERE A SELECT STOCK OF USED
TUBES AT A’ FABULOUS::LOW- PRICE

ALt TUBES 'SENT, POSTAGE PAID
Pleose send 25¢ handling for-ordeis vrider.555f5end - 25%
deposit on .C.0.D. orders. ‘Send aporoximate postoge on
Conadian ond foreign orders.
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*2] INCH

Receiver Kit included

"'"“nurelm“‘.h : yoU build thes.e
and other units

Vi

MULTITESTER
uromcieoen! .

- *tubes
oz excluded

RADIO-TELEVISION
TRAINING SCHOOL

815 EAST ROSECRANS AVENUE
LOS ANGELES 59 CALIFORNIA

¥ Gl RN e

B pampnr

" CUT OUT-AND: MAIL — TODAY!

BUSINESS

SAMPLE ¥
SoN &
RTS' Mambership in The.
Association of Hom= Study
Schools s your assurance of
Reliability, Integrity, and
Quality of Training.

in Mail: This Coupon Now —No Salesman Will Call
October, 1960 13




Amperex

for

LOWEST

microphonics...
hum...

noise

in a high-p

dual triode

ECCS83 - rucn
REPLACEMENT FOR THE 12AX7

MICROPHONICS:

Negligible in amplifiers requiring an
input voltage of at least 50 mv for an
output of 5 watts. No special precau-
tions against microphonics necessary
even though the tube is mounted in
the near vicinity of a loudspeaker with
5% acoustical efficiency.

HUM AND NOISE LEVEL:

Better than —60 db relative to 50 mv
when the grid circuit impedance is no
greater than 0.5 megohms (at 60 cps),
the center tap of the heater is grounded
and the cathode resistor is by-passed
by a capacitor of at last 100 mfd.

WS RS NS N TG WS Sm R R M Eh we vm e e M e O W
OTHER Amperex TUBES FOR
HIGH-FIDELITY AUDIO APPLICATIONS:
EL84/68BQ5  9-pin power pentode; 17 W PP
6CA7/EL34  High-power pentode; 100 W PP
EF86/6267 Low-noise high-u pentode
ECC81/12AT7 Low-noise medium-u dual triode
ECC82/12AUT7 Low-.noise low-u dual triode
ECC85/6A08 High-y dual triode for FM tuners
GZ34/5AR4  Cathode-type rectifier; 250 ma.
EZ80/6V4 9.pin rectifier; cathede; 90 ma,
EZ81/6CA4  9-pin rectifier; cathode; 150 ma.
At All Leoding Electronic Parts Distributers

Amperex

. ELECTRONIC. CORP.
230 Duffy Ave., Hicksville, Long Island, 'N.Y

Letters
(Continued from page 12)

terest. If you missed this article, it tells how to
pick out an old receiver worth rejuvenating, how
to get the wiring schematic, and how to add a
BFO and phone jack. Copies of this issue are
available from our Circulation Department, 434
South Wabash Ave., Chicago 5, Ill., for 35 cents.

To answer reader John Zima’s question, adding
bandspread is very simple. You just wire a 15-
upf. variable capacitor in parallel with the oscil-
lator tuning capacitor and attach a vernier dial.
Keep in mind that the extra capacity will throw
the main dial calibration off unless you realign
the oscillator.

“Strange Inhabitants”
m I enjoyed James Van Detta's article “The
Strange Inhabitants of 75-Meter Phone” (July,
1960, p. 66), although I wondered why he re-
stricted it to that band. Oddballs, such as the
types described, can be found on all ham bands
—phone and c.w. Personally, I think the most
unusual characters are the CB’ers. Half of them
don’t seem to know the difference betwcen a mi-
crophone input and an antenna output, yet they
are on the air trying desperately to change fre-
quencies with their send-receive switches.
STEVEN MELTZER
New York, N. Y.

Although we are inclined to agree with reader
Meltzer, the caliber of the CB operator has been
improving as the novelty of CB wears off. Char-
acters we will always have on any band anywhere.

Power Line Grounding
m Harking back to your article in August 1959
titled “Shocking But True,” it would seem to me
that most people are electrocuted because they
connect themselves between a hot power line and

ground. Why should the power companies ground
one side of the power line? Why not completely
isolate power lines, keeping both sides “above”
ground ?

ALLyN RoTHMAN
Syosset, L. I, N. Y.

Abbott’s National Electrical Code Handbook:
states “Circuits are grounded for the purpose of
limiting the voltage upon the circuit which might
otherwise occur through exposure to lightning or
other wvoltages higher than that for which the
circuit is designed; or to limit the maximum po-
tential to ground due to normal voltage” In other
words, power line circuils are safer when one side
of the line is grounded than thev would be if both

(Continued on page 18)
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Lafayette R;@dio’s
196' Catalog

America’s “Electronics & Hi-Fi Shopping Center"

RN S

e \*&.\\\\\\

40 years of se-vice to Audioph les, Experimanters, Hobbyists,

Engineers, Technicians, Students, Servicemen and Dealers,
HERE IT IS — the biggest, best and most comprehensive
catalog you can ask for. Chaose from thousands. of items,
all available for immedate delivery at the lowest, money-
saving prices. And, as always, SATISFACTION GUARAN-
TEED OR MONEY REFUNDED.

“The Best Buys In The Business”

izl Stereophonic Hi-Fi Equipment
Public Address Systems
Tape Recorders
Radio and TV Tubes and Parts
Citizen Band Equipment
Amateur Equipment
Industrial Supplies

Exclusive at Lafayette, Lafayette Kits: Build a path
- \ to a new world of entsrtainment. Created, designed

4 and engineered for top quality at top performance
\ — there’s more fun in doing it yourself, especially
[ 4 whe1it’s so easy. An exclusive product of Lafayette

‘% Electronics — easily the best value for your money
i any day.

\ PLUS Hundreds of “specials” you'll find only
; at Lafayette.
Easy Pay Plan. The simplest, and quickest way
N to get what you want, when you want it. As little
A as $2 down . .. up to 24 months to pay.

Mail the ccupon today for your

FREE copy of Lafayette Radio’s
1961 catalog.

RW-50 20,000 Ohms Per
Volit Muititestor
1380

nmmmmml-—-—_m!-m__

BN I Y MER NN R s D TR G e

e Lafayette Radio Electronics Corp. -E

i A Dept.1)-5, P.0. Box 190
. - N 'ﬁ. x Jamaica 31, N. Y, :

Stereo Control Center # Send mx the FREE Lafayetic 324 pagn
KT-B0d, Kit P 1961 catalog 610 g
‘ 7950 o i
] LA-6¢0, Wired Lr Jl ] Name ... - |
£ 13450 e | 1
e - l Address.. SR S S SO . l
R,

= = v L City Zone.... Stele....._. H
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7 NEW! LAFAYETTE HE-15A 2.WAY SUPERHET

® 5 Crystal Controlled Transmitting Positions: Operates
at a maximum FCC Jegal power input of 5 watts fully
modulated.

® Superheterodyne Tuneable Receiver Over Full 23 Chan-
nel Band: RF stage in both Transmitter and receiver,
3 watts audio output plus large 4” speaker,

® Complete with Transmitting Crystal: Removable front
plate for easy accessabllﬁy of crystals. Channel 9
crystal supplied.

® 4 Dual Function Tubes, plus 2 Single Function Tubes,
plus 2 Reclifiers for 12 Tube Performance: Compares
with units costing 3 times as much. Unexcelled recep-
tion on land and sea with coverage up to 20 or more
miles depending on antenna height and terrain,

® Planetary Vernier Tunin%: Controls include 3 position
function switch (transmit, receive, plus transmit with
spring return) and effective Full-Wave Variable Noise
Limiter,

° HiFh Qutput Crystal Microphone: 2 position push to
tafk slide switch plus 5-prong microphone jack makes
conversion to a push-to-talk relay a cinch.

CITIZENS BAND TRANSCEIVER !

ONLY 5.00 DOWN

® Adapts for use Anywhere: Modern compact styling.
Brackets are supplied for easy mounting of unmit in
auto, truck or boat. Addition of 6 or 12 volt power
supply (separately supplied) adapts transceiver for
mlo?gle operation. Only 1034 Wx67sDx5%"H. Shpg. wt.,
1 S,

Anyone Can Operate: No examination or technical knowl-
edge required — Any citizen 18 years or older is el
gible for a license, Simply fill out FCC application sup-
plied with HE-15A Transceiver,

HE-15A Factory Wired and Tested (less antenna)
$5.00 Down.. . ..

HE-18 Whip Antenna
HE-16 Power Supply f Volts .
HE-18 Power Supply for 6 Volts ...
Use in the Home
Farm

Net 57.50
.. Net 3.95
.. Net 10.95
N — Net 10.85
Boating - Ship to Shore On the
Business - Trucking

SENSATIONAL LAFAYETTE
CITIZEN BAND MOBILE ANTENNA

Includes—
® CHROME SWIVEL e 1021,” STAIN.
BASE

LESS STEEL WHIP
® STAINLESS STEEL FOR OPTIMUM 11
SPRING

METER PERFORMANCE
THE SCOOP BUY FOR CITIZENS
BAND MOBILES
Chrome swive! ball mount base deslgned to
be mounted on any surface., Stainless steel
spring holds rod in properly adjusted position
and prevents rod damage from shocks and
blows. Stainless steel whip for maximum resi-

liency and strength. Shpg. wt., 4 Ibs,

HE-800WX .

NEW! LAFAYETTE TELESCOPIC CITIZENS
BAND WHIP ANTENNA

e Chrome Plated
e Telescopes From 162 to 40”
e Mounts Vertically or Right Angle

An outstanding antenna value. This high
quality three section telescoping antenna is
designed for attachment directly to your
citizens band transceiver. ldeal for point

TE-10
-~ TE-14 Pigskin Carrying Case, Shpg. wt.,
8 0z.... Net 1.85

PLEASE INCLUDE SHIPPING CHARGES WITH ORDER

10,000 OHMS PER VOLT MULTITESTER
NEW!

Outoerforms Instruments

- Many Times Its Size

e Extra Large 312" Meter Face

® Completely Wired and Tested

® All Accessories Included
Convenient pocket size with single range
selector switch. First capacity range re-
quires 120V AC, second range requires 6V
AC. Durable Bakelite case and panel. Com-
plete with leads and battery. 414x3V4x115".
Shpg. wt., 114 Ibs.

Net 9.85

to point service over short distances. Mold- B
ed base loading coil has a threaded stud ol
with a PL-259 plug-connector for vertical or r
right angle mounting. Shpg. wt., 1 Ib. !:!
... Net 6.95 B e — Net 3.85
NEW! LAFAYETTE RADIO FIELD INDICATOR
® Provides a Continuous [ndication of

Transmitter Qutput
® Rugged) 200ua Meter Movement with
Variable Sensitivity Control
® Requires No Electricity,
Transmitter Connection

Batterles or

Measures the RF field generated by
any marine, mobile or fixed transmit-
ter. Rear phone jack accepts ear-
phones. Antenna extends from 314" to
1034”. Bottom plate magnet allows
mounting on any metal surface.
Measures 313Wx214Hx2”D (less an-
tenpa). Shpg. wt., 2 Ibs.

TM-14 Net 7.95

NEW YORK 13, N. Y.
100 6th Avenue

PLAINFIELD, N.J.
139 W. 2nd Street

PARAMUS, N.J.
182 Route 17

110 Federal Street
NEWARK 2, N. ). |

24 Central Avenue

AT AYETTE
L R A DI O
BRONX 58, N.Y.

165-08 LIBERTY AVENUE  JAMAICA 33, N. Y. BRONX 56, N.V.
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Created with the mon-techeital builder
in mina. There's much more fun in
assembling your own kit ... ond ir's

- - Y e o o B
foch kit hes the fine professional- MONEY.BACK

locking! touch. Styled 1o blend with r GUARANTEE

overy decor, = 4 Lafayerte Kits are exclusive
products of Lafayetse Electron-
jes. Esch Lafayette Kit must
* 2 micet or exceed ity published
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Dependable

BURGESS BATTERIES

CHROME PROTECTED
SEALED-IN-STEEL

 SELF RECHARGEABLE
GUARANTEED LEAKPROOF

—

il CORROSION PROOF
separated head and
battery design

BURGESS BATTERY COMPANY

DIVISION OF SERVEL, INC.
FREEPORT, ILLINOIS - NIAGARA FALLS, CANADA

Letters
(Continued from page 14)

sides were “floating” or “isolated” Accidental
grounding of the present distributing system is
either harmless or blows a fuse; accidental ground-
ing of a “floating” system could not be easily de-
tected and could be very dangerous.

"Tiny Mite” Modifications

® When I built the three-transistor miniature am-
plifier described in your June 1960 issue, I found
that I could obtain better gain and low frequency

response by using a 10-gf. capacitor for C7. And

instead of the dynamic microphone, T used a crys-

tal equivalent with a miniature 200,000~ to 1000-
ohm matching transformer (Triad SP-7).

GARBIS SAATJIAN

Venice, Calif.

® T built the “Tiny Mite” amplifier described in
your June issue and am very happy with the re-
sults. T substituted 2N1265 transistors for the
2N207’s suggested in the diagram and used a two-
inch speaker in place of the microphone. The
amplifier is so sensitive that I can hear a ball of
cotton hit a table.
NorMAN B. WorTHEM
Chicago, 111

The “Tiny Mite” amplifier turned out to be one
of our “Mighty Mite” projects—it seems that ev-
eryone was waiting for this circuit. 1f other read-
ers have made modifications, we will be interested
to hear about them. :

The 240-Volt Problem

® We have one problem here, “Down Under,”

that we’'d like you to help us with. The voltage

rating in Australia is 240 volts, unlike the 117

volts in the United States. How do we go about

altering a circuit so it will work with 240 instead
of 117 volts?

Y. SuaLiA

Edgecliff, N.S.W.

Australia

Although our circuits are designed for American
and Canadian readers, it’s usually not much of a
problem to convert Lo 240 wvolts. If there's a
power transformer in the circuit, just obtain a
similar unit with a 240-volt primary. Circuits
without transformers can also be converted, but
youw'll need a suitable 240- to 117-volt step-down
transformer which wal increase the overall cost
somewhat. —{30—

18 Always say you saw it in—POPULAR ELECTRONICS
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YOUR KEY TO A TOP-PAYING POSITION IN ELECTRONICS!

Choose a career in ELECTRONICS! It’s
wide open...with interesting jobs for
engineers, technicians, technical writers.
And the all-new 1961 edition of JOBS AND
CAREERS IN ELECTRONICS is your
perfect guide to this big, exciting field!

Five Giant Sections Covering: T_HE 1961 JOBS AND
OPPORTUNITIES IN ELECTRONICS CAREERS IN ELECTRONICS
Where are the jobs in electronics today ?

This section pinpoints the best areas in the luBs f BARE[R

country in which to look for a job...

gives you a comprehensive list of companies [ ELE':T R 0 N ":
on the lookout for trained personnel. - TR ‘

CASE HISTORIES OF CAREERS IN ELECTRONICS

What kind of jobs are available in
electronics? Here are 11 actual accounts
of people at work in various branches

of electronics...including an engineer, an
inventor, a weatherman, and a

computer expert,

HOW TO PLAN A CAREER IN ELECTRONICS

How do you start out in electronics? This

section is devoted to training—includes Buy your copy at -your favorite
information on the military, correspondence

schools, courses to study, advisability newsstand or electroiiics parts store—
of a degree, plus a complete directory of or order by handy coupon below,

electroniCS‘SChoolS. r———————-—————— ————— ]
TES“NG YOUR ELECTROMCS APTHUDE l Ziff-Davis Publishing Company, Department PE-106 I
. . 5 I 434 S, Wabash Avenue, Chicago 5, lllinois I

Do you qualify for an electronics career? [ caneers |

g g a g s Please send me a copy of the 1961 JOBS AND CAREE
This spec1z}l testing section gives you ar.l | N ELECTRONICS. | enclosed $1.00, the cost of JOBS |
accurate picture of your ability to qualify | AND CAREERS IN ELECTRONICS, plus 10¢ to cover |
for a technical ]Ob l mailing and handling charges. (Canada and Foreign, I
$1.25 plus 10¢ postage).
SPARE TIME ELECTRONICS : e {
Want to earn money in your spare time? I |
. g S

Here’s a rundown on spare time radio i ADDRES |
repair, complete with alisting of thetube | civ. ZONE_STATE |
typesyou,ll need. i g e TS AASE W SN IS SIND TMRS Sm S END SNNS WSS WG EEMS e San S S
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GIANT 1961
204 PAGE

HIFLAND |
STEREQ

SYSTEMS &
COMPONENTS

I 7 Complate Buying Ouit, on Lvarything in

"RADIO TV
ELECTRONICS it
BURSTEIN-APPLEBEE CO.

OF BARGAINS
NOT IN ANY

b Dep' [E, 1012 McGee $t., Kansas City 6, Mo.
8 (O Send Free 1961 B-A Catalog No. 611

Bl Name
SEND

FOR IT
TODAY. Address ..

State

Introducing the New ...

BUTOBA MT-5

Not just a battery-powered tape recorder

But . . . a precision West German high fidelity tape
recorder powered by 8 ordinary flashlight batterics | . ,
frequency response 50-13,000 cps. on 3% ips . . . dual
track & dual spced—17% & 3% ips ... 5" reels. max.
reeording time of 4 hours . . . push-button controls—
Tast for\\ard & rewind . . . operates on 110 to 260V
AC & 6V DC with converter . . . many other attractive
features , , .

Write for further details and nearest dealer

BUTOBA DIV., TURNING CORP. OF AMERICA
34 Park Row New York 38, N. Y.

20
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"RADIO SERVICING," Third Edition, by
Abraham Marcus. Published by Prentice-
Hall, Inc., Englewood Cliffs, N. J. 649
pages. Hard cover. $7.95.

As the author states in his introduction,
he believes that a person is better equipped
to trouble-shoot receivers if he has a good
understanding of radio theory than if he
simply studies individual sets in detail. Be-
ginning with an intensive review of basic
electrical and radio theory, Mr. Marcus
follows through with an explanation of the
electron tube and its many functions, plus
specific service notes on possible defects.
Servicing procedures, techniques, and in-
struments are covered. Numerous charts,
diagrams, graphs, and other illustrations
are provided, as are listings of electrical
terms, and formulas, symbols, units and ab-
breviations, Recommended as a useful
guide for budding servicemen and as a gen-
eral reference book for the more estab-
lished technician.

AS> SN n° SR e}

"'TUBE SUBSTITUTION HANDBOOK,"

published by Howard W, Sams & Co., Inc.,
2201 E. 46th St., Indianapolis 6, Ind. 96
pages. Soft cover. $1.50.

Substituting tubes, either American or
European, in a variety of circuits is simpli-
filed by the data in this handbook. Ameri-
can substitutes for European tubes are
listed, as are European substitutes for
American tubes, industrial substitutes for
receiving tubes, and possible picture-tube
substitutions. Any serviceman or electronic
experimenter will find the book of value
and will probably make frequent reference
to it.

A" S v © SR oo\

"DIGITAL COUNTERS AND COMPUT.
ERS" by Ed Bukstein. Published by Rine-
hart & Company, Inc., 232 Madison Ave.,
New York 16, N. Y. Hard cover. 248 pages.
$7.00. )

Written to meet the demand for in-

Always say you saw it in—POPULAR ELECTRONICS



E MAKE MORE MONEY
m TELEVISION

w  RADIO-ELECTRONICS
SAp

BETTER...MORE COMPLETE...LOWEF COST...
WITH NATIONAL SCHOOLS SHOP-METHOD
HOME TRAINING!

BETTER...Training that is proved and tested
in Resident School shops and
laboracorics. by a School that is
the OLDEST and LARGEST of
its kind in the world.

You learn ALL PHASES of
Television-Radio-Electroszics.
Other schools make several courses
out of the material in our ONE
MASTER COURSE . . . zid you
pay more for less trﬂlnln[.‘ chan
you get in our course at ONE
LOW TUITION!

MORE COMPLETE...
LOWER COST...

You get all information
by mail ... You make
your own decision . .. at
home! NO SALESMAN

WILL CALL

6P PA‘{... UNI.IMI'I'ED S8PPORTUNITIES
LIFETIME SECURITY CAN BE YOURS!

You are ncedad in the Television, Rad o, and Electronics ndustry
Trained technicians are in growing demand at excellent pay— in
ALL PHASES, including Servicing, Manufacturing, Broadcasting and
Communications, Automation, Radar, Government Missile Projects. 5

NATIONAL S$CHOOLS SHOP-METHOD HOME
TRAINING, with newly added lessons
and equipment, trains you in your
spare time at home, for these ualim-
ited opportunities, including many
technical jobs leading to supervisory
positions.

YOU LEARN BY BUILDING EQUIPMENY WITH
KITS AND PARTS WE SEND YOU. Your
National Schools course includes
thorough Practical training—YOU
LEARN BY DOING! We send you
complete standard equipment of pro-
fessional quality for building various
experimental and test units. You ad-
vance step by step, perform more than
100 cxperiments, and you build a
complece TV set from the ground up,
that is yours to keep! A big, new TV
picture tube is included at no extra
charge.

EARN AS YOU LEARN. We'll show you
how to earn extra money right from
the start. Many of our students pay
for theit course—and more—while
studying. So can you!

RESIDENT TRAINING AT LOS ANGELES

{# you wish to take-your training in our Reslﬂem
School at Los® Angeles, the world’s TV capital,
start NOW in. big, . modern Shops, Labs and
Radio-TV- Stu, ms,‘,-llere you work with latest
Electronic equlpmen( - professionally installed

- finest, mosi complete facitities offered. by
anv school. Expert, friendly Inslmc!ors Persgnal
attention. Graduate _Emptoyment Service, Help
in:finding home near school - -‘and part time
lob while you leam cneck hox .in coupon‘ for

October, 1960

LESSONS AND INSTRUCTION MATERIAL ARE
UP-TO-DATE, PRACTICAL, INTERESTING.
Every National Schools Shop-Mechod
lesson is made easy to understand by
numerous illustrations and diagrams.
All instruction material has becn de-
veloped and tested in our own Resi-
dent School Shops, Laboratories and
Studios.

SEND FOR INFORMATION TODAY . . . it can
mean the differcnce between SUCCESS
and failure for you! Send for your
FREE BOOK “"Your Future in
Television-Radio-Electronics’’ and
FREE Sample Lesson. Do it TODAY,
while you are thinking about your
future. It doesn’t cost you aanything
to investigate!

You GET...

® 19 Big Kits—YOURS TO KEEP!

e Friendly. Instruction and Guidance

e Job Placement Service

e Unlimited Consultation

e Diploma—Recognized by Industry

e EVERYTHING YOU NEED FOR
SUCCESS!

SHOP-METHOD HOME TRAINING

COVERS ALL PHASES OF INDUSTRY
. Television, including Color TV

. Radio AM & FM

. Electronics for Guided Missiles

Sound Recording and Hi-Fidelity

. FCC License

. Automation and Computers

. Radar & Micro-Waves

. Broadcasting and

Coemmunications

NATIONAL&R& SCHOOLS 10)

WIORLD-WIDE TRAINING-SINCE 1305

oawmu\_bwup-

GET THE BEMEFITS OF OUR OVER
50 YEARS EXPERIENCE

Kpproved for
Gl Training

MAIL NOW TO
NATIONSL TECHNICAL SCHOOLS, Dept. R2e-1op

' 4000 S. FIGUEROA ST. LOS ANGELES 37, CALIF. '
Rush frec TV-Radio "Opportunity” Book and sample
lesson. No salesman will call.

TR b el rr.rrf' i i
1 - Y NAME AGE ']
ik mrn ‘] HII’JUH h ADDRESS '
cITY— ZONE STATE___
NAT'ONAL SCHOOI.S ’[] Check if interested ONLY in Resident School teaining at Los Angeles
Los Angeles 37, calif. Yveterans: Give date of Olscharge e
’l_--—---------_-
21



from H.H. SCOTT
EASY TO BUILD
fm tuner kit

Write for details

H.H.SCOTT |

H. H. Scott Inc., Dept. PE-10

111 Powdermill Rd., Maynard, Mass.
Rush me complete information on your
Wide-Band FM Tuner Kit and your com.
plete stereo component catalog.

Name
Address
City
State

Bookshelf
(Continued from page 20)

telligible technical information in the grow- =
ing field of computer technology, this hook

contains much information never belore

published in book form. Prepared in a

clear, easily understandable style and sup-

plemented with numerous illustrations and

study questions for each chapter, it should

fulfill the needs of the technically inclined.
layman, the student, and others interested

in the science of computation.

A" S ©C U vl

"UNDERSTANDING RADIO," Third Edi-
tion, by Herbert M. Watson, Herbert E.
Welch, and George S. Eby. Published by
the McGraw-Hill Book Company, Inc., 330
W. 42nd St., New York 36, N. Y. 706 pages.
Hard cover. $6.20,

Written for the student with little back-
ground in electronics, this revised textbook
combines both the
theoretical and prac- :
tical aspects of ra- ‘f’
dio. Several intro-
ductory chapters ex- _

QUICKLY CUT HOLES
in metal, plastics,
hard rubber...

ROUND SQUARE

GREENLEE GHASSIS PUNCHES

Make smooth, accurate openings in
for sockets,
plugs, controls, meters, panel

1Y% minutes or less . . .

lights, etc. Easy to use . ..
simply turn with wrench, S
Many sizes and models.

Werite for literature.

GREENLEE TOOL GO, 1915 Columbia Ave., Rockford Ilinois
22

laining sound, ra- |
(ri)io wagves, electri- ity
city, and magnetism | MBIO
arc followed by |
chapters on the the-
ory, building, and
operation of short-
wave scts, transmit- 5

B MATIOM, WILCH, oyt v
ters, crystal receiv-
ers, and—new with
this edition—a public address unit. End-
ing each chapter arc two study aids: tech-
nical term definitions, and questions. Thor-
oughly illustrated with diagrams, pictori-
als, and schematics, the book also makes
effective use of its inside covers and fly-
leaves. The latter contain charts which
show the standard RETMA color code,
drawings of resistors and capacitors, and
a list of tube characteristics.

:
1

LSS T oo U we
"PRACTICAL TRANSISTOR SERVICING," ‘
ard W. Sams & Co., Inc., 2201 E. 46th St.,

Indianapolis 5, Ind. 192 pages. Soft cover.
$2.95.

(Continued on puge 26)
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Why be satisfied with less when: CREI OFFERS COLLEGE-LEVEL OPPORTUNITY

to the man who wisely realizes that the recognition
and rewards in electronics are now going to other
men—especially the man with modern advanced

this College- ==

WITHIN TWO TO FOUR YZARS, depending on the
courses selected and amaunt of stick-to-itiveness
Ievel ro ra m f brought to bear, you can complete this program in
electronics, which s comparable in technological
content to advanced residence courses. You study
during hours chosen by you. You have plenty of

home StUdy in time to do your best.

THIS ADVANCED PROGRAM IS THE CULMINA-

a 5 TION of 33 years of working closely with leading

= Ccompanies and Government agencies in the critical

r 0 I n g I n field of electronics, where demand for engineering
and technical personnel far exceeds the supply.

The courses are presented in easy-to-understand

[
form, and our experienced instructors guide your
y progress step by step.

YOllJ QUALIFY FOI? CREI i.fdyou have a high school
- 1 diploma or equivalent, and if you have had basic
can help you a(.:hleve new Ievels Of electronic training and practical experience in elec-
income and success  tromies:
PLEASE WRITE US NOW FOR DETAILED, ILLUS-
TRATED, 44-PAGE CATALOGUE, which gives com-
plete information on home study program and
registration procedure. CREI also offers a Resi-
dence School Program, where graduates earn AAS
degree. Day and e_vening classes start at regular

intervals. Electronics experience is not required
for admittance to the Residence School.

CREI PROFESSIONAL STANDING

U.S. Office of Education lists CREI as “an institu-
tion of higher education.”

CREI was a co-founder of the National Council of
Technical Schools.

CREI was among the first three technical institutes
whose curricula were accredited by the Engineers’
Council for Professional Development.

More than 20,500 students are enrolled in CREI
Home Study and Resident Programs.

America’s leading electronics, communications,
missiles and space exploration companies and Gov-
-“@EEM  ernment agencies recognize CREI. Many of these
organizations actually pay the tuition for their

Mail This Coupon TOday employees studying with CREI.

P ——————_——_——_———— e, ———,—_—,—— e,

| CAPITOL RADIO ENGINEERING INSTITUTE To obtain fast, immediate |

l ECPD Accredited Technical Institute Curricula * Founded 1927 service and to avoid delay, I

| Dept. 1210-G, 3224 16th St., N.W., Washington 10, D. C. g it is necessary that the fol- |

l Please send me your course outline and FREE 44-Page Book ; “_1 lowing information be filled |
“Insurance for Your Future in the New World of Electronics” * REs in:

l .« . deseribing opportunities and CREI home study courses B YR " l

| in Advanced Electronic Engineering Technology. M Employed by |

l 0O Radar, Servo and Computer Engineering Technology l
Check field O Electronic Engincering Technolog}y;

I 0 Communications Engineering Technology I

| of greatest [ Television Engineering Technology Type of Present Work |

Interest [J Aeronautical Electronic Engineering Technology Education:

l O Automation and Industrial Electronics Engineering Technology | Years of High School |
Name Age

{ g Other I
Street - |

| City T State Electronics Experience |

l Check: O Home Study O Residence School 0O Korean Veteran I

October, 1960 23




ELECTRONICS

[BOOK SERVICE]

will send you

your choice of the world’s
greatest electronics books

for a 1-DAY FREE EXAMINATION

Here are some of the world’'s greatest elec-
tronics books...chosen carefully by Ziff-Davis
Electronics Book Service as among the best
in their fields. You'll find top-notch texts and
manuals on theory and instruction...impor-
tant volumes covering radio and TV servicing,
transistors and tubes...reference books to
help you understand such fields as computers,
citizens band, communications, and electron-
ics experimentation.

Each volume is designed to help you get more
know-how, greater enjoyment from your elec-
tronics specialty—and each is yours for 7 days
FREE! Simply writeyour choices on the coupon
below and mail it today. When your books
arrive, read and enjoy them for seven full days.
If, after that, you don't agree that they are
everything you want, return them and owe
nothing. Here is the perfect way to build the
library every man in electronics must have.

P . rmm— -
Jvg Mpfolv T'e ~Lpabip et ~ TRANSISTORS
”-:AND INSTRUCTION ANBW ssnwcme AND TUBES

Get started in radio, TV, commu-
nications, by using these simple
basic guides to electronic princi-
ples, functions, and operations!

2500. BASIC
ELECTRONICS, Grob

An introductory text on
the fundamentals of
electricity and elec-
tronics for technicians
in radio, television and
industrial electronics.

2501. ELEMENTS OF ELECTRONICS,
Hikey and Villines

This basic electronics text offers an ex-
cellent course for training radio and
electronics technicians and for students
in television, radar and sonar. $6.95

511.
UNDERSTANDING
RADIO, Watson,
Welch and Eby

For those with little or

no technical knowledge

who wish to know the

fundamentals of radio

theory and servicing.
5

2412. TELEVISION AND FM
ANTENNA GUIDE, Noll & Mandl

Two antenna experts tell you their se-
crets of antenna choice and installation
for best reception in any area. Loaded
with useful tips on improving reception
in fringe and difficult arcas. $5.25

Save time and labor in radio
and TV maintenance by referr-
ing to professional handbooks!

2407. HOW TO GET AHEAD IN
THE TELEVISION AND RADIO
SERVICING BUSINESS, Marcus

Shows the easy way to get started as a
TV-Radio repairman, how to earn while
you learn, how to get and keep cus-
tomers. $3.50

2415. MANDL'S
TELEVISION
SERVICING, Mand|

This standard text
Lo book in the T.V. servic-
wi ing field provides clear
descriptions of the
fundamentals of T.V.,
and practical instruc-
tion on the diagnosis
and correction of typi-
cal troubles. $6.95

2408. ESSENTIALS OF ELECTRICITY
FOR RADIO AND TELEVISION,
Slurzberg and Osterheld

Provides necessary background of prin-
ciples for understanding T.V., FM and
radio circuits. $8.00

: 2404. FM RADIO
M. RADIO

SERVICING
SEAVICING HANDBOOK, King
A
& HANRBOOR A practical guide to
e FM V.H.F. receivers,

their design. construc-
tion, alignment and re-
pair. $5.00

Keep abreast of the latest de-
signs and concepts in both tran-
sistors and tubes by using the
charts, diagrams, and photo-
graphs in these practical books!

2600. TRANSISTORS,
Gillie

Describes and analyzes
semi-conductors and
transistors and how
they behave. 300
pages, illustrated.
$7.95

2604. BASIC ELECTRON TUBES,
Geppert,

A text for a first course in electronics. It
covers the tubes themselves, not the cir-
cuit applications. Basic principles gov-
erning operation of specialized tubes are
explained. $7.50

2601. TRANSISTORS
IN RADIO,
TELEVISION AND
ELECTRONICS, Kiver

A descriptive, non-
mathematicat text for
radio, television, elec-
tronics technicians and
for those who need to
gain a working knowl-
edge of transistors and
transistor circuits.
$7.95

2606. ELECTRON-TUBE CIRCUITS,
Seely

A clear analytical method in the study
of electron-tube circuits. Provides a
broad background in preparing for work
in radio and electronic engineering.
$10.50
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Wonderful "how-to'' books to help
you build and enjoy practical elec-
tronic devices simply and easily.

2006. ELECTRONIC
EXPERIMENTER'S
MANUAL, Findiay
With a few dollars
worth of basic tools
and this book to guide
you. you can explore
electronics experimen-
tation more completely
than ever before. 10
big sections. $4.95

2002/60. ELECTRONIC KITS
DIRECTORY, Ziff-Davis Publishing
Company

New 1960 edition lists over 750 kits,
latest models, prices and features for
hi-fi, ham radio, SWL, shop improve-
ment, Citizen's Band, fun and educa-
tion. $1.00

2351. RADIO PROJECTS, Marcus

10 easy to construct radios described in
this book cover the field thoroughly and
completely, progressing in difficulty from
the simple crystal detector to the super-
heterodyne receiver. $3.85

2001/60. ELECTRONIC
EXPERIMENTER'S HANDBOOK,
Ziff-Davis Publishing Company

40 projects tor home and shop, 20 of
which are transistorized. Special section
on understanding transistor circuits.
$1.00; 2001C, cloth $1.95

- See Your
“Pam Gobber

Sk
Vi
@- Gk

—

Here are books which simplify
basic and advanced theory — and
open new hornzons to you in the
field of communications!

2901. HAM RADIO, Hertzberg

Tells exactly how to become a *'ham’™ —
how to obtain a ham “ticket”, how to
learn code, how to select receivers and
transmitters — everything you need to
know is between the covers of this handy
guidebook. $2.50

2900. BROADCASTING TELEVISION
AND RADIO, Kingson, Cowgill, Levy
A simple, practical introduction to broad-
casting, dealing with performance before
the microphone and camera. $8.65

. T 2008. CLASS D
| (AN T% CITIZENS RADIO,
Sands
- First complete book on
i@ Citizens Radio opera.
it tion. Covers Class D

history, rules, applica-
tions, how it works.
Many illustrations.
$4.95

2907. RADIO OPERATING QUESTIONS
AND ANSWERS, Hornung & McKenzie
Presents specific information on radio
law, operating practices and theory for
those studying to pass the FCC com-
mercial radio operator exams of the vari-
ous license grades. $6.00

Choose any of these practical
bopks—to take advantage of the
growing opportunities in the ex-
citing field cf electronics!

2007. COMPUTERS
AND HOW THEY
WORK, Fahnestock

A fact.filled guidebook
to electronic comput-
ers. Explains the work-
ngs of every major
computer system.
Must reading for all
who want a more com-
plete knowledge of this
important field. $4.95

R e

2

2914. THE RADAR POCKET BOOK,
Boulding

A clear and concise handbook of infor-
mation ¢n basic electrical principles and
formulae applicable to radar, together
with data on the various parts of a radar
installation. $3.85

2301. ELECTRONICS DICTIONARY,
Cooke & Markus

An authoritative dictionary containin~
accurate, understandable definitions of
nearly 6500 terms used in radio, teic-
vision, industrial electronics, facsimiic,
sound recording, etc. $6.50

2000/60,
STEREO-HI-FI GUIDE,
Ziff-Davis Publishing
Company

Just published! 1960
edition features 60.
page exclusive by
Joseph Marshall on
components and how
they work. $1.00

-
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!,g!ﬂlﬂg, radio and electmrﬁ:s J;pns
 jobbers, hifi dealers and salons are
making their stores headquaners Tor

books on every alp:zromcs suh]oﬁt.

@»«

“'rou cah take this Iist to your favorite ;

duier for immeglate purchase. .ﬁ

i #
If your local pads jobber or deilﬁr &
dm not carry baokg. use the coupon- ‘
for prompt delivery from ELE{ZI:RO,_:N-

© ICS BOOK SERVICE, on a 7:day free

trial basis.

.

&

ELECTRONICS BOOK SERVICE {’zb\
One Park Avenue, New York 16, N. Y. -\-_..}

Please send me the book(s) | have listed below for a FREE 7-day Trial Exam-
ination. | understand that if | am not completely satisfied, | may return my
selection(s) and I'll owe you nothing. Otherwise, | will send you payment for
the book(s) of my choice, plus postage and handling.

NUMBER TITLE PRICE

*TOTAL
®New York City Residents, please add 3% sales tax.
(If you need more space to list additional titles, attach a sheet of paper with additional list.)

{., SAVE MONEY! Enclose payment in full for the book{s) of your choice and we will pay
shipping charges. Same return privileges and prampt refund guaranteed. 508

[J Please send me FREE €CATALOG, when published.

NAME ___ - o o cmoe oo
PLEASE PRINT CLEARLY

ADDRESS__ _ _ = — — — e

CITY [— L ] | 3 STATE =
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8 %ﬁf BASIC ELECTRONICS |
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The Rider ‘picture-book’ way :

Fabulous illustrated training course now used by
U. S. Navy—No Other Books Like Them!

A Complete Idea on Every Page

Here’s how this easy, illustrated course work: every
page covers one complete idea! There’s at least one big
illustration on that same page to explain it! What's
more, an imaginary instructor stands figuratively at
your elbow, doing *“demonstrations” that make it even
easier for you to understand. Then, at the end of every
section, you'll find review pages that highlight the impor-
tant topics you've just covered. You build a thorough,
step-by-step knowledge at your own pace — as fast as
you yourself want to go! Sponsored by the Navy to turn
out trained technicians in record time, this modern
course presents Basic Electricity and Basic Electronics
in a simple way that cveryone can grasp — regardless
of previous education!

10 Complete Volumes

BASIC ELECTRICITY—Volumes 1 and 2 cover DC com-
ponents and circuits; Volumes 8 and 4 cover AC compo-
nents and circuits; Volume 6 covers AC and DC motors
and machinery.

BASIC ELECTRONICS—Volume 1 covers Diodes and Power
Supplies; Volumes 2 and 3 cover Amplifiers and Oscilla-
tors; Volumes 4 and 5 cover Transmitters and Receivers.

Home Study Without Correspondence

This course is so different, so complete—there’s no need
for the usual letter writing, question and answer cor-
respondence! Learn at home—at your own pace!

10 Day Examination — Money Back Guarantee

Send today for these exciting new training courses —
you risk nothing! When you receive the volumes, examine
them in your own home for 10 full days. If, at the end
of that time, you're not completely satisfied, simply
return the books to us and we’ll gladly refund your full
purchase price! Total cost for either 5-volume course is
only $10.00!

BASIC ELECTRICITY #169, 5-vols. soft covers, $10.00; £169H,
all 5 vols. in one cloth binding, $11.50.
BASIC ELECTRONICS #170, 5-vols. soft cover, $10.00; #170H,
all 5 vols. in one cloth binding, $11.50.

JUST PUBLISHED

VOLUME & BASIC ELECTRONICS by Van Valkenburgh,
~Nooger & Neville Inc. We are pleased to announce the
publication of Volume 6, BASIC ELECTRONICS by Van
Valkenburgh, Nooger & Neville. Volume 6 is a companion
volume to the present five volume course on Basic Elec-
tronics by the above authors. It is intended to enable you
to expand into the areas of semiconductors, transistors and
frequency modulation after the content of the first five
volumes has been completed. Volume 6 utilizes the same
famous ‘‘picture-book” technique used in the present highly
successful five volume course.

The original five volume course in BASIC ELECTRONICS
is available as heretofore as five individual volumes in paper
covers and as all five volumes in one cloth binding.

Vol. 6 #170-6 paper cover, $2.90; #170-6H, cloth $3.60.

at electronics parts jobbers or boolkstores, or order direct:

S

DEPT. PE-10

JOHN F. RIDER PUBLISHER INC.
116 West 14th Street, New York 11, N, V.
F g Canadian prices same as U.S.

widld elty & state taxes.  AlL prices subject 1o revision,

Bookshelf

(Continued from page 22)

The growing popularity of transistor ra-
dios requires that the serviceman know the

practical

servicing

Ty WELGIN € SALOWILL

B e e ben
iy s ane (9t kel

theory and function
of transistors, and
how servicing tech-
niques and proce-
dures for transistor
sets differ from
those for tube ra-
dios. The author
simplifies transistor
theory by present-
ing only what he
considers necessary
for the serviceman’s
major needs. Using
his experience as an

instructor and as a service engineer, he ex-
plains the techniques of isolating trouble to
a stage, checking voltages, and testing
transistors. One chapter outlines case his-
tories of actual troubles and the test pro-
cedures used to solve them. For those who
want a practical guide to servicing transis-
tor radios and already have experience with
tube radios, this book will effectively bridge

the gap.

Free Literature

@ Lafayette’s 1961 electronic equipment

catalog is now available.

Lafayette equip-
ment and Kkits, it
lists the latest ster-
eo and hi-fi equip-
ment of most major
manufacturers, It
also covers Citizens
Band equipment,

public address sys- |

tems, and a virtu-
ally endless variety
of standard radio

In addition to

and TV components. To obtain this free,
320-page catalog, write to Lafayette Radio

Electronics Corp.,
Jamaica 33, N. Y.

165-08 Liberty Ave,,

@ A 60-page handbook of data pertaining
to space exploration, titled “Space Facts,”
can be obtained on request from Product
Information, Missile and Space Vehicle De-
partment, General Electric Company, 3198

Chestnut St., Philadelphia 4, Pa.
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‘ . ‘ Semt—“oldrd
9"%‘;“@ Q 1] "IRS? Qwﬁi ',’;;;';;“
I‘"" INSIST ON RAD-TEL FOR EVERY 'Valncs :

TELEVISION AND RADIO TUBE NEED | [LIe20

ponaMbld U to 75% OFF on BRAND NEW ”UBES

YEAR! You Can Rely On Rad-Tel’s Speedy One Day Service!

Not Used — Not Pulled Out Of Old Sets + Each Tube Individually and Attractively Boxsad!
aty. Type Price | Gty. Type aty. Type g Qty. Type Price | Qtv. Type Price aty. Type Price | Gty. Type Price
4821 | __BAV6 40| _ 6DES .58 | _ 12AE6 . _12CR3 54 | __1704 68
- ACSB 61| __6AWS .89 _ 6DG6 .59 | __ 12AF3 . 120u5 .58 | ___17006 1.06 §
__4DE6 d __.6AX4 _..6006 1. - 12AF6 . _120U3 _17L6 .58
—__6AX7 ___60T5 . 12816 . —120X3 _..17W6
___6BA6 E —.-60T6 E _ 12AL8 . 120B5 . . _19AU4
—.6BCS —._6EU8 —_12aL8 . _120E3 . _...19BG6
__68BC7 ___GEAS _.12A05 . 12013 1918
_._6BC8 __6H6GT . . 1216 12DN7 . 21EX6
__.6BD6 ___6J5GT . _.12A17 _12D06 . 25806
__12aU06 ~ 12087 ...25C5
12807 . 1205 —_25CA5
—_12A8VS . _ _12EL5 __.25CD6
__12AV6 . 12EG3 .25CUs

128v1 . . 12€25 _250N6
- 12AX4 __12F5 .25EHS

128X7 63| —_12F8 _ 2516
b __ 12821 . __12FN6 25W4
___6BN4 i J 1284 I . 12K5 | _..2576
__6BN6 . . 12BA6 . - 125AIM . 35C5
—6B05 65 Y 3 _12BD6 . — _12SK7GT _ 356
—_6BQ6GT 1.05 . . _12BE6 . —_12SN7 . _...35W4

6807 . 12BF6 . . 35Z56T

12BH7 . . | 5085

128L6 . _._50C5
.12BQ6 1. _..500C4
_-128Y7 . ___50EHS
128771 . . ] ... 50L6
..12C5 . ~.1IBC6 1.09{ _ 11723
__12CA5 _..11cs .58
_..12CN5 . _ .1icas g2

Not a Kit, but Completely Wired

STERED AMPLIFIER
CHASSIS g %

O l.ofs of 3

[ Single, $5.93 ea.
[7 Set of tubes: 2-35C5; i
1-12AX7;1-35W4 $1.15 "=
[ Set of 3 gr*‘y ' knobs 30¢

um SHOOTER" GUIDE: AN

. /%%
- ; -‘ . F ,
&5 Chambers St
Newark 5, N."J.
PE 1060

TERMS 25% . deposn must ‘accompény all ‘orders — balance: C -0.D, Not Affiliated With
$1 HANDLING CHARGE FOR. ORDERS UNDER $5. Subject’ to prior sale. - Any Other Mail
se-Plea Emdd‘ postage. ‘No: GO D " 's outside “continental U.Si A, : Order Tubé Co
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BUILD THE
PROJECTS
DESCRIBED
IN THIS
ISSUE OF

PRODUCTS

POPULAR
ELECTRONICS

Build a Vibrator Substitute
Use BUD AU-1083—$1.29

Across The Ham Bands
Use BUD CU-3003A—72¢

All Bud products are available for imme-
diate delivery from your Authorized Bud
Distributor. They are the best for applica-
tions described in these projects.

WATCH FOR THESE LISTINGS EVERY MONTH
IN POPULAR ELECTRONICS
BUD RADIO, INC.

2118 East 55th Street Cleveland 3, Chio
Dept. P.E.

To build the
projects in
this
issue
of

(s thede

STANCOR!
TRANSFORMERS

~ "Build a Vibrator Substitute”
i T1-—Driver Transformer

i use Stancor TA-16

Net Price $1.73

They are available from any Stancor
Distributor . . . and have been veri-
fied for their application in the con-
struction projects listed.

s

R AR

LOOK FOR this helpful listing every
month. It appears regularly in
Popular Electronics.

E@

CHICAGO STANDARD
TRANSFORMER CORPORATION
'50) W. Addison St. Chicago; lllinois
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TV TUBE REACTIVATOR

Here's an item for that budding television
serviceshop—a Mercury CRT Tester-Re-
activator. De-
signed to take
the guesswork
out of TV cath-
ode-ray tube
testing, the
Model 800 will
check for pic-
ture-tube qual-
ity, life expect-
ancy, possible
shorts, and
leakage. In addition, it can be used to re-
activate either black and white or color
picture tubes-—a controlled high-voltage
pulse is fed to the tube without “stripping”
the emitting surface of the cathode. Shorts
can be burned out and welds can be made
with this special high-voltage pulse circuit.
$49.95. (Mercury Electronics Corp., 17
Searing Ave., Mineola, N. Y.)

y -

./ .//

FM GAR TUNER
Latest addition to the growing line of FM
converters for cars is the Eric Model 100
FM tuner. Like other auto converters, the
Mode! 100 feeds signals directly to your
regular AM auto radio. Quite compact (it

o — - -
5% - 82 5§ 100 14 - 108
Avio v m twnt

measures 27" x 81" x 7%”), the Model 100
is claimed to have high sensitivity. An ac-
cessory FM antenna is available, although
the converter will work with most automo-
bile antennas if they are set to a height of
about 30”. Price, $79.95. (Eric Engineer-
ing Co., 1823 Calorado Ave., Santa Monica,
Calif.).

——

STEREC SPEAKER SWITCH
If you're wiring up another pair of stereo
speakers, say in the den or patio, keep the

POPULAR ELECTRONICS
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We'd like to send you
these important new books for
7-DAY FREE TRIAL EXAMINATION

CLASS D CITIZENS RADIO Leo G. Sands

g ﬁ ()‘abs D Here is the first complete book on Citizens Radio Operation. Ever since the initial
s c“!ZEqs use of 2-way radiotelephone by police departments, this field has been growing in
2 | importance and application. Now, with more than a million vehicles equipped for its
; RAD'O use, Citizens Radio is a major phase of the electronics field. This important new volume
} covers every aspect of the field—its history, rules, and everything about how it works—
'5 g-fﬁ_!».’ in seven big chapters with one hundred major sections. You'll learn exactly what

Citizens Radio is. its applications, what equipment you need. the full story on receiver

cireuits and transmitters, antennas, installation, and maintenance, full FCC rulings,
3 - j" o how to apply for licenses, etc. Many illustrations. $4.95

11

COMPUTERS AND HOW THEY WORK
by James Fahnestock

Here is a fact-filled exciting guidebook to the wonderworld of clectronic computers,
with more than 120 illustrations and easy-to-follow tables in 10 big chapters. Step by
step, you'll sce and understand the workings of cvery type of computer ever used.
This important new book illustrates the basic principles of computers in methods
that require no knowledge of clectronics. You'll learn all about computer memorics,
flip-flops and the binary counting system. You'll learn the mathematical language of
computers where 1 - 1 10. Other chapters show you how computers use tubes and
transistors to make complex logical decisions in thousandths of a second. COMPUTERS
AND How TiEY WORK is must reading for career minded students and for electronics
pros who want a more complete knowledge of this field. $4.95

THE ELECTRONIC EXPERIMENTER’S MANUAL
by David A. Findlay

With a few dollars worth of basic tools, and this book to guide vou, you can explore
the magic of electronics cxperimentation more completely than ever before. In a
few short hours, you'll start your first project. You'll learn about every component
used in experimentation, every tool, its function and why it is used. There are 10 big
sections, each covering a specific phase of construction. There's a giant section of
projects you can build, test equipment you'll construct and use in your future work.
Tue ELECTRONIC EXPERIMENTER'S MANUAL will give you the professional know-how
you must have no matter what phase of electronics is your specialty, $4.95

USE THIS CERTIFICATE FOR 7 DAY FREE EXAMINATION

I | Iy = S L _— - — ;
I : ELECTRONICS BOOK SERVICE e '
. 7 DAY FREE l | one Park Avenue, New York 15, N. Y. ‘
I EXAMINATION : Please send me........... copies of CLASS D CITIZENS_RADIO :
l [] and lrill me at only $4.95 a copy plus postage and handling. :
1 : | Please send me........... copies of COMPUTERS AND HOW THEY WQRK, and 1
When your books arrive, [ bill nie at only $4.95 a cony plus. nostage and handling. :
read and enjoy their diver- | Prease sena me.............. copies of THE ELECTRONIC EXPERIMENTER'S ||t
sity of contents, the thor- | MANUAL. and bill me at only $4.95 a copy ulus postage and handling. :
oughness of their coverage. ] 11 1 don‘t agree that this Is one of the best etectronics Idnves:nlen‘lsul‘ve'o'\:zr :
Then after seven days ex- l : made, 1 may return llu‘a book{(s) wtihin seven uays and get a tull refunuy, H

« ¢ : $ .enclosed. (SAVE MONEY! Euclose payment with your order and []
amination, if you decide that Hl Vet way the postage.) '
they are not everything you ! 5
want, send them back and 1V | IO T TSR F = T S & A== =0 ¥ Wy > Sy e (o~ R ¥ | ey 1 W X b
receive a complete refund l : 3

of the purchase price. : AT S Sh ™ swewcscmivs 8 ¥ orow it I Wt o Ry FoW W (W i R Ao 4 S SRmome - b 95 o F o i matn - Siem :

l i City Zone..... State.............. 507 £

—— e e s mn s
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(Continued from page 28)

Centralab 1486 switch in mind. It permits
operating either speaker pair individually,
or simultaneously—a real switching con-
venience, Measuring approximately 1”7 x
1%", the switch is supplied with a push-on
knob. (Centralab, 900 E. Keefe Ave., Mil-
waukee 1, Wis.)

TUBE TESTER
One of the smallest, lowest-priced tube
testers on the market today, the EMC

Model 211 checks all octal, loctal, 7- and
9-pin miniature tubes for shorts, leakages,
opens, and intermittents as well as for
emission. Magic eye and voltage regulator
tubes can also be checked. Size, 63" x 514"
x2%" deep. Price: $22.90 wired; $14.90 in
kit form. (Electronic Measurements Corp.,
625 Broadway, New York 12, N. Y.)

ELECTRONIC ORGAN TUNER
Another gadget to ease the job of the radio/
TV/hi-fi serviceman, the Schober “Auto-
tuner AT-1" enables cven a serviceman
with a tin ear to tune electronic organs.

Replace improper equipment with the only
microphone

designed specifical!ymE WHNEH 85@@
for citizen's band

This reasonably priced, mobile-type ceramic microphone
is the perfect replacement for the many improper, tape
recorder-type microphones now. being used on CB.equipment.

Has DPST switch wired for, relay operation with easily
reversible terminals to allow modifications (if necessary);
wiring diagram enclosed with each-microphone; hanger
button and standard dash bracket for mobile rig mounting;
and an 11" retracted (five foot extended), plastic-
jacketed, coiled cord. Response:
80-7,000 cps. Output: —54 db:

List price: $16.50 complete. See " THE
your Turner Distributor, listed

below, he has the 350C in stock.

MICROPHONE COMPANY
934 17th St. N.E.
Cedar Ropids, lowa

ARKANSAS

Little Rock: Southern Rodio Supply

Texarkano: Lovender Rodio & T.V, Sup.

CALIFORNIA

Downey: Net Electronics

Hemet: Gil Severns

Hollywood: Pacific Radio Exchange

Los Angeles: Rodio Product Sales
The Sound Foyer

Ockland: Elmor Electronics

Sacramento: Selectronics

Son Francisco: Market Radio Sound Dept.

Son Pedro: Marine Rodio Service

DISTRICT OF COLUMBIA

Washington: Electronic Wholesalers

FLORIDA

Miomi: Eost Coost Rodio & TV

Tampo: Kinkade Rodio Supply

GEORGIA

Atlanta: Speciolty Distributing

ILLINOIS

Chicago: Notionwide Radio

Lo Solle: Lo Salle Electronics

INDIANA

Anderson: Seybert’s Radio Sup.

Bloomington: Stansifer Radio Co.

Evonsville: Hutch and Son, Inc.

Ohio Valley Sound

Fort Wayne: Pembleton Loboratories

Indionopolis: Brown Distributing Co.
Grahom Electronic Sup.
Van Sickle Rodio Supply

Kokomo: George’s Electronic Sup.

30

Michigan City: Tri-Stote Electricol Sup.
Portland: Buck’s Hi-Fi
Richmond: Fox Electronics Company
Terre Houte: Midwest Supply Company
IOWA
Cedor Ropids: lowo Radio Supply
Des Moines: Rodio Trode Supply Co.
KANSAS
Topeko: Acme Rodia Supply
KENTUCKY
Lexington: Radio Equipment Co.
Lovisville: Arcby Electronics

P. I. Burks Compony
LOUISIANA
Baton Rouge: Dovis Electronics Sup.
New Iberio: Brooks Electronics
MASSACHUSETTS
Boston: A. W, Mayer Company

Rodio Shack Corp.

Lowrence: Alco Electronics
MICHIGAN
Ann Arbor: Purchase Radio Supply
Detroit: High Fidelity Workshop
Lonsing: Offenhouer Company
MINNESOTA
Minneopolis: Schook Electronics
MISSOURI
St. Lovis: Rodonics
NEW JERSEY
Berlin: Midstate Rodio Supply
Jersey City: Nidisco-Jersey City
Mountainside: Federated Purchaser

NEW YORK

Buffolo: Radio Equipment Corp.

Farmingdole, L.1.: Gem Electronics

Forest Hills: Beom Electronics

Mt. Vernon: Dovis Electronics

New York: Harvey Rodio Company
Acme Electronics

OHIO

Clevelond: Pioneer Electronic Sup.

Columbus: Whiteheod Radio Company

Monsfield: Wholesaling, Inc,

Toledo: Lifetime Electronics

OKLAHOMA

Oklohoma City: Johnson Wholesole

OREGON

Portlond: United Radio Supply

PENNSYLVANIA

Loncoster: George D. Borbey Co.

Lebonon: George D. Barbey Co.

Philodelphio: Radio Electric Service Co

Pottstown: George D. Barbey Co.

Reading: George D. Barbey Co.

Wilkes-Borre: General Radio & Electror

York: Radio Electric Service Co.

TEXAS

Houston: Sound Equipment Inc.

VIRGINIA

Arlington: Rucker Electronic Products

Folls Church: The Television Workshop

WISCONSIN

Chippewa Folls: Bushiond Rodio Spec.

Eou Cloire: Bushlond Radio Spec.

Always say you saw it in—POPULAR ELECTRONICS
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(Continued from page 30)

Picking up organ notes through a micro-
phone, the ‘“Autotuner” user varies 13 or-
gan frequencies (in turn) until the appro-
priate built-in strobe disc pattern stands
still. The gadget is usable with almost all
electronic-oscillator organs; its cost is said
to be less than one-third that of compara-
ble models—$69.50 ($49.50 in kit form).
(The Schober Organ Corp., 43 West 61st
St., New York 23, N. Y.)

DUAL TRACK TAPE RECORDER
A dual-track, two-speed tape recorder in-
troduced by Radio Shack Corp., 730 Com-
monwealth Ave., Boston 17, Mass., will be
marketed for less than $50. Operating at

either 3% or 7% ips, it measures 11%” x
10” x 7", weighs a full 17 lbs. There are
external jacks for microphone, radio-phono
and external speaker; accessories include a
microphone, a radio cord, and a standard
5" reel.

REVERBERATION SYSTEM
If you want to make your living room
sound like Carnegie Hall, try the new

-

. 1$_Pi'€i§7§§3hfg '

-

N Wi,

Fisher Model
pander.”

K-10 Dynamic
Added to a stereo hi-fi system,
the Spacexpander gives sparkle to ‘“‘dead”

“‘Spacex-

October, 1960

recordings by introducing a small time de-
lay or reverberation cffect in one channel.
It may also be connected to a stereo center-
channel amplifier and speaker. $59.50.
(Fisher Radio Corp., 21-21 44th Drive, Long
Island City 1, N. Y.)

ADJUSTABLE “LOCK” END WRENCH

Have you ever felt frustrated because you
accidentally changed the gap size on your
The

adjustable end wrench? “Select-O-

Lock” wrench is being offered by Utica
Drop Forge & Tool Division (Kelsey-Hayes
Co., Utica, N. Y.) to solve that problem.
Built into the wrench is a device which
guarantees no slipping or re-setting. The
wreneh is availakle in sizes ranging from 4
through 12 inches.

MULTI-PURPOSE TOOL KIT

Interested in a small tool kit that you can
carry in a tackle box or glove compart-
ment ? The Shelton “Super Socketool” may

be the answer. Designed around a univer-
sal ratchet handle, the kit includes a wide
variety of open-end sockets, screwdriver
bits, awl attachments, and a handy tack
lifter. It makes an ideal gift for any do-it-
yoursell’er. $4.98. (Shelton Products Co.,
Shelton, Conn.) —B0—
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1,000,000 have sent for it!

on over

30,000

famous-make
items

1961 Electronics

CATALOG

(s full year’s FREE SUBSCRIPTION ta
piv all other Radio Shack catalogs!
See the latest and best in electronics

® Stereo ® Hi-Fi ® Hom Radio

® Transistors ® Test Equipment

® Kits & Parts @ Related items
l-——-:——————————--

Radio Shack Corp. Dept. 60K7 1
I 730 Commonwealth Ave., Boston 17, Mass.
l Send latest Electronics Catalag plus 1
] every new issue for one year, FREE. I
I Name 1
l Address.
l . Post Office l
Ty Clt‘L—Zone Sfcte .!
WHO NEEDS

MILESOF \NIRE?

GET HOME ELECTRICITY

ANYWHERE
WITH A

' POWER
CONVERTER

Change 6 or 12 volt D.C. to 110
volt, 60 cycle A.C.

No installation—just plug into ciga-
rette lighter of car, truck, or boat,
and it’s ready to gol

Operate lights, electric shav-

ers, dictation machines, rec-

ord players, small electric _

tools, portable TV, and testing

equipment.

Models from 15to 200 watts,
priced as low as $12.95

See Your Electronic Parts
Dealer or Jobber

TERADO COMPANY

1057 RAYMOND AVE. ST. PAUL 8, MINNESOTA
In Canada: ATLAS RADIO CORPORATION LTD., TORONTO
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Tips
is,

and

Techniques

ANTENNA COIL PROTECTOR
If you own both a receiver and a transmit-
ter, you can prevent your receiver's an-
tenna coils from going up in smoke because
of stray r.f. from your transmitter. Simply
connect two NE-2 neon lamps to your re-
ceiver as shown. Solder the lamps in place
by their leads on the under-the-chassis side

ANTENNA
e——
™ = 7" TTRECEWER __'l
o |
Al RCVR |
A2, ANTENNA
—» coiLs |
RECEIVER | eap '
ANTENNA _ |
TERMINAL® |
TRIP
~d%NE-2 Neon |
LAMPS (ADDED) |
| —
N !

of the receiver’s antenna terminal strip;
you will note that one lamp is connected
between lug A1 and Gnd. the other be-
tween A2 and Gnd. Although the lamps
will not affect normal reception, they will
fire and prevent damage to the antenna
coil if you accidentally jolt your receiver
with rf. from your transmitter—Carl
Wright, Tucson, Ariz.

SOLDERING IRON FILE
Before soldering small parts such as termi-
nal lugs, clean and brighten them with a
small file taped to your soldering iron’s

handle. Any small file will do, but an old

nail file is ideal. Don't rub the file against

the part as you might accidentally burn
(Continued on page 35)
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Learn REDIO,TEL Vl§_
0 E&E@T[&@NU@@

by Practicing at Home \\
in Your Spare Time

At No Exira Cost vou get specially de-
veloped Electronic Training Kits for prac-
tical experience. Shop and laboratory
practice at home make learning easier,
interesting, faster. You do not need a
high school diploma or previous expe- |
rience,

Increasing Demand
for Trained Men

This is the Electronics age. Men with
Electronic know-how are in demand.
They enjoy high pay and growing
opportunities foradvancement. Satel-
lites, Radar, Automation in Industry,
Missiles, Rockets, Planes, Stereo,
TV, Radio, Two Way Communications for trans- NRI Hus
portation are a few of the fantas-

tic developments in the fast ﬁ
growing Electronics industry. If !
you are not completely satisfied

with your work; if you are doubtful “-,g.;

\

about your future, investigate

Electronics.

ngh POY, Prestlge, Brlght Future “1eetover twice the “Now_in charge of “'Averaged $150 a

salary 1 made before sound effe«ts for monthspare time be-
Whgxt brfanch of Ellec‘l’:l(l)%]llcs mgexetsts vou? Thgu- enrolling. NRI train- lSIBC. t}J\IRI (l)é)ened {\?re }] graduated.
sands of successiu raduates prove that 1ng gave me a 0013 grealer op- ow have my own
NRI’s learn-by- practlce mithod is tge way to !.hor‘t.’)ugh understand- portunity for me.” full time business.”
success. You start in your chosen career sway WK . Hj ATKINSON, & TupOX, e, rood o Holl2
ahead of the man who only learns from books. You y . - .

d d b. You d d
PR ol fon iR NEw COURSE IN kN

tical knowledge from training kits NRI provides.

ELECTRONICS A6

Train With the Leader T T TR TR

NRI he world 1d dli -
est h(;?"nte gtug; E?egtr(e)fltx:snschi:):)gl CU" OU" Qnd MQII—NO Sl'amp Needed

You benefit from the experience
64- PAGE

NRI has gained from training men
for 45 years. NRI offers you proven
courses of home study in Elec-
tronics; Principles, Practices and
Maintenance—Radio Television
Communications—Radio Televi-
sion Servicing.

Start Soon, Earn More

No Salesman will call. (Please PRINT) Dept. 0kD-4

How e
Soon after enrolling NRI shows you o3
how to apply your knowledge to e
earn extra money doing Electronic Name Age for ¢

repairs or servicing Radio and
Television sets for friends and

neighbors. Take the first step to- ¥ Address

ward success now. Find out what

NRI offers you. Mail the postage-

free card. No obligation. Cost of I Cijty Zone State

NRI training is low.

Meonthly payment OLDEST & LARGEST HOME STUDY RADIO-TV SCHOOL
plan available. NA- - é e N
TionaL, RaDIO | f¥ational Nadio Enstitute

II\S'I‘I'I‘U'I‘E,

fl/% Washington16,D.C! WASHINGTON 16, D. C.

ACCREDITED MEMBER NATIONAL HOME STUDY CCUNCIL

CATALOG et i)
a |,. y

|




JOB COUNSELORS ADVISE

LEARN ELECTRONICS

S 7 NEW Home Study Course
' " ¥in ELECTRONICS

*  Principles-Practices-Maintenance

NOW READY

This is the Electronic Age. Electronic equipment is
already being used to count and control flow of
LOW POWER TRANSMITTER liquids, solids, gases. Electronics is employed to
search for oil, make surveys, control traffic, ma-
,‘a = chine complex parts and in atomic installations.
. . Military uses of Electronics are great and expanding

) PRACTICE WITH ULTRA rs}:)dly Iln husrltr;est?, Auttorr;atlone with rE}fsCtzg?lC%
L HIGH FREQUENCY OSCILLATOR plays an important part, prepares payrolls, cu
e

; -

%TICE WITH

17° TV RECEIVER

|
i} “"’%

lates engineering formulas.

TRA'N'NG KlTS Learn More to Earn More
Now, to meet the growing demand for trained

Electronic Technicians NRI has developed a com-
No EXTRA COST prehensive, complete course in Electronics Prin-
ciples, Practices, Maintenance. This training
stresses fundamentals. It is a course specially pre-
pared for beginners and for Technicians. You get
both theory and practical experience in an interest-
ing, exciting way.

Ten Special Training Kits
Give Practical Experience

You get practical experience with Thyratron Tube
circuits, Multivibrators, build a D’Arsonval type
Vacuum Tube Voltmeter (Kit 2); work and experi-
ment with pentode tubes, selenium resistors, oscil-
lators, transxstors, magnetlc amplifiers; and get
practical experience in telemetry circuits as used
in carth satellites, digital and analog computers
(Kit 9).

@ sEE OTHER SIDEm NR!Oldest Largest School

cess. You must act. Get FREE 64-
page Catalog from America’s oldest
and largest home study Electronic-
Radio-Television school. It gives facts,
opportunities in Industrial and Mili-
tary Electronics careers, also shows
what you learn, tells about NRI's
other courses in Radio Television
Servicing and Radio Television Com-
munications. Monthly payments plan.
Mail Postage Free Card for 64-1mge
Catalog. NATIONAL RADIO IN-
STITUTE, Washington 16, D.C.

PRACTICE WITH
"‘ D'ARSONVAL TYPE VOLTMETER

FIRST CLASS
Permit No. 20-R
(Sec. 34.9, P. L. & R)
Washington, D.C.

BUSINESS REPLY CARD

No Postage Stamp Necessary if Mailed in the United States

POSTAGE WILL BE PAID BY

“ulionul Radio Inslilule
3939 Wisconsin Avenue

Washington 16, D.C.

POSTAGE FREE CARD

MAIL Now




Tips
(Continued from page 32)

yourself on the iron. Instead, rub the part
against the file as shown.-——Jerome Cun-
ningham, Chicago, Ill.

KIT BUILDING AID
To speed up the building of kits and other
construction projects, take a few minutes
to arrange all parts in a corrugated card-
board carton, as shown, separating the var-

ious parts into convenient categories. Re-
sistor and capacitor leads can be inserted
in the edge of the cardboard with values
written on the cardboard next to each com-
ponent. Muffin tins or molded egg cartons
make handy trays for smaller parts.—
Courtesy of the Heath Company, Benton
Harbor, Mich.

TROUBLE-SHOOTING PRINTED CIRCUITS
Tracing the printed wiring on a circuit
board can be difficult if the board must be
turned over constantly to follow the wiring.
If you place a strong light behind the
board, the shadow of the printed wiring
will show through the board and eliminate
the necessity of turning it over. The re-
duced handling will also prevent unneces-
sary wear and tear on leads connected to
the circuit board.—Ernie Harrison, Tusca-
loosa, Ala.

MINIATURE HEX-HEAD WRENCH
You can easily make a miniature hex-head
wrench out of a wing nut and a pair of
recessed hex-socket screws. For a %4 ” sock-
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et wrench, simply take a wing nut with
a %"-diameter threaded opening and screw
in two Allen-type, %”-diameter recessed
head screws as shown. When both Allen
screws are in place, their bottoms will lock

',"D1A. x %" LONG
ALLEN HEX-SOCKET
SCREW

WING NUT
15" DIA, THREAD

11,'DIA. X %," LONG
ALLEN HEX-SOCKET
SCREW

so that they won't turn when used as a
wrench. Other size wing nuts and recessed
Allen screws can be used in the same way.
—=Sam Lissauer, Los Angeles, Calif.

EMERGENCY CONTENUITY CHECKER

A pair of high-impedance headphones can
be used as a continuity checker by simply
connecting a 1%-volt flashlight cell and a
couple of test probes to the
phones as shown. Unless
the circuit is open, you'll
hear a loud click in the
phones whenever the
probes are effectively
short-circuited. You'll find
this checker helpful for
testing continuity of vac-
uum-tube filaments, switches, fuses, house-
hold appliances, etc.—Robert McFeely, In-
dianapolis, Ind.

HIGH
IMPEDANCE
PHONES

+ | FLASHLIGHT
CELL

TEST
PROBES

COAT-HANGER INSTRUMENT STAND
A convenient stand for a multimeter or
vacuum-tube voltmeter can be easily
formed from a wire coat hanger. Shape the

SIDE VIEW

wire to fit the meter, and tape the ends of
the wire to prevent scratching or marring
the meter. The stand will hold the meter
securely and at a convenient reading angle.
—Rudolf F. Gruf, New York, N.Y. 30
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only for those who want the ultimate

— SHERWOOD-S-3000 11T

FM/MX STEREO TUNER

The FM tuner that has everything . .. 0.95uv sensi~
tivity, Interchannel Hush noise muting system,
“Acro-Beam” tuning eye, cascode balanced input,
automatic frequency control, “local-distant” switch
... now brings you the only

FM TUNER with “CORRECTIVE"
INVERSE FEEDBACK .

Every high fidelity amplifier today incorporates "cor-
rective” inverse feedback for lower distortion and
improved response. Now, Sherwood brings the same
performance benefits to the S-3000 IIT FM Tuner;
these include reduction of distortion due to over-
modulation by the FM station and better quality
long-distance reception.

READY FOR FM STEREO

Stereo via FM multiplex broadcasting is just around
the corner. The S-3000 III contains chasSis space and
all control facilities to plug in a stereo muitiplex
adapter. Other features include flywheel tuning, plus
7" expanded slide rule tuning scale, cathode-follower
output, and front panel output level control. Sherwood
Electronic Laboratories, Inc., 4300 N. California Ave.,
Chicago 18, Ill.

{*) Other fine Sherwood Tuners:
S-2000 IT AM-FM Tuner $145.50
$-2200 AM-FM MX Stereo Tuner $179.50

FOR BROCHURE WRITE DEPT. PE-10
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Hi-Fi
E@ Showcase

HINGS are hopping at hi-fi salons these

days as a result of some exceptional
hi-fi/stereo demonstrations during recent
audio shows. Here are short descriptions of
a few new products that may capture your
interest. Further information is generally
obtainable at any store handling hi-fi com-
ponents; you can also write the individual
manufacturers—see addresses on page 38.

Birmingham Sound Reproducers Ltd. pre-
fers to call itself BSR and reckons that
in a few years this abbreviation will be as
familiar as RCA, GE, IRC, etc. Its stock
in trade is record changers and it claims
that 25% of all stereo phonograph combi-
nations now being sold use its “Monarch”
changers. BSR is currently emphasizing
the UA14 model which has been life-tested
to exceed 550,000 plays . . . Eric Sound, only
a few years back, was a small producer of
FM tuners. Although its prices were low,
quality and workmanship seemed to be
above average and the tuners sold well in
west coast markets. Eric continues to ex-
pand and now offers a variety of hi-fi/stereo
components. Its most recent addition is a
stereo receiver/amplifier with 10 watts out-
put per channel; the west coast price of
$169.50 is $5.00 cheaper than the east coast
price—quite a switch!

The Gray Manufacturing Co. has had a re-
birth of interest in the hi-fi field. To refresh
your memory, the Gray people are best
known for a viscous-damped tone arm that
gained considerable recognition in the days
prior to stereo discs. Now they are back
with a re-engineered model of the same
arm but one that does not interfere with
the vertical compliance requirements of
stereo discs. Both kit and pre-wired ver-
sions are available . . . Lafayette Radio con-
tinues to offer a variety of unusual hi-fi
products under its own brand name. Our
attention has been drawn to a “Trihelix’
10-inch 3-way speaker that looks like a
“natural” for any do-it-yourself bookshelf
system. The '“Trihelix” actually consists of
three mechanically independent speakers
with crossover points at 1500 and 5000 cps.
Frequency range is within = 3.0 db from

Always say you saw it in—POPULAR ELECTRONICS
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These call letters are those of POPULAR ELECTRONICS’ Editor, Perry Ferrell—
and he’s inviting all of you to take a look at next month'’s exciting issue!

It features a special giant 16 page bonus section on CITIZENS BAND—
the radio service now sweeping the country from coast to coast! In addition to a

special full-color cover map of the United States giving you all the
FCC Citizens Band call ares prefixes—you’ll find out how Citizens Band operates...

how you can use it for business or private purposes...how to get your license.

There’s valuable information on CB equipment...what antennae to use...

and much more in this big section of November POPULAR ELECTRONICS.
Also in November POPULAR ELECTRONICS :

® PRINTED CIRCUITS—the new development in electronics that has

finally come of age. You’ll find out what they are...types used in

different equipment...how they are made.

® LOAD LINES—how to draw and use them to design your own vacuum tube circuits.
They’re used with vacuum tube characteristic curves found in every tube manual.
® MODIFYING YOUR TRANSCEIVER—is easy with this November
POPULAR ELECTRONICS feature. Tells you how to add a tuning vernier dial,
plate current meter and other modifications to your CB or

amateur transceiver to increase operating ease.

Don’t miss the informative, entertaining November issue of

POPULAR ELECTRONICS! P

POPULAR o
EcTRﬂHl[:

Subscription Rates
one year %4 two years $7 three years $10

POPULAR ELECTRONICS, 434 South Wabash Avenue, Chicago 5, Itlinais

| gt st e
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from m w [y - 2 completely new

CITIZENS BAND
TRANSCEIVER |

that meets

FCC

regulations *

Model 761: 117 VAC & 6 VDC
Model 762: 117 VAC & 12 VDC
including mounting bracket

Wt $69.95
wired$99.95

*EICO premounts, prewires, pretunes, and seals the
ENTIRE transmitter oscillator circuit to conform
with FCC regulations (Section 19.71 subdivision d).
EICO thus gives you the transceiver in kit form that
you can build and put on the air without the super.
vision of a Commercial Radio-Telephone Licensee!

Highly sensitive, selective SUPERHET (not regenera-
tive) receiver with 5% dual function tubes and RF
stage. Continuous tuning over all 23 bands. Exclu-
sive Super-Hush® noise limiter. AVC, 3” x5” PM
speaker. Detachable ceramic mike. 5 Watt crystal-
controlled transmitter, Variable *'pi’”’ network matches
most popular antennas, 12-position Posi-Lock
mounting bracket. 7 tubes and 1 crystal (extra xtals
available). Covers up to 20 miles. License available
to any citizen over 18.-—no exams required.

SAVE with these famous VALUE LEADERS!

All-Transistor Portable

RA-6:Kit $29.95 Wired $49.95
High sensitivity & selectivity.
Plug-in transistors, 4” x 6~
speaker; push-pull audio.
Prealigned RF & |IF trans-
formers, Less batt., incl.FET.

New! 60-Watt CW Transmitter
#723: Kit $49.95 Wired $79.95
Ideal for novice or advanced
ham needing low -power,
stand-by rig. 60W CW, S50W
external plate modulation,
80 through 10 meters.

90-Watt CW Transmitter*
#720:Kit$79.95 Wired $119.95
“Top auality’”—ELECTRONIC
KITS GUIDE. ldeal for vet-
eran or novice, 90W CW, 65W
external plate modulation.
80 through 10 meters.
*U.S. Pat. No. D-184,776

High-Level Univ. Mod.-Driver
#730:Kit$49.95 Wired $79.95
Delivers 50W undistorted au-
dio. Modulates transmitters
having RF inputs up to 100W,
Unique over-modulation indi-
cator. Cover E-5 $4.50.

Grid Dip Meter
#710:Kit $29.95 Wired $49.95
Includes comptete set of
coils for full band coverage.
Continuous coverage 400 kc
to 250 mc, 500 ua meter.

For FREE CATALOG, filf out coupon on Page [

m@ 3300 N. Blvd., L.LC. 1, N. Y.

Add 5% in the West
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Showcase
(Continued from page 36)

30 to 12,000 cps; overall response is 20 to
20,000 cps. Priced at $32.50, this unit rep-
resents an unusual buy . . . Another mail-
order house with its own brand is Radio
Shack. Its popular ‘“Realistic” 4-speed turn-
table (with hysteresis motor) has been re-
designed and an all-new stereo tone arm
added; the combination is being labeled the
“Mark VIIIa.” A special mounting board is
furnished with it which measures 13” deep,
15" wide, and requires 3%"” clearance above
and 4” below the mounting plate. Price,
$59.95.

Rek-0-Kut has come to the obvious con-
clusion that some audiophiles just don’t like
to be bothered with the soldering and
shielding of tone arm leads. The result is
the Rek-O-Kut “Micropoise” tone arm
which incorporates two color-coded plug-in
leads; a ground wire is permanently an-
chored to the base of the arm. The “Micro-
poise” is also dynamically-balanced (cali-
brated from 0 to 6 grams), a departure
from the statically-balanced arms produced
heretofore. Prices are $29.95 (12”) and
$34.95 (16") . Have you noticed that
cartridge manufacturers are not forgetting
the 78-rpm libraries? H. H. Scott now sells
a special cartridge for its British-made
Model 1000 stereo integrated arm and car-
tridge. The 78-rpm head has a 3-mil stylus
and just the right weight to play at 3.5
grams. By the way, H. H. Scott will replace
—apparently free of charge—any of the
original London-Scott 1000 cartridges with
a ruggedized version not susceptible to
stylus damage . . . Audio-Empire has a new
turntable—the Empire 208—featuring all
three record speeds and a belt drive! One
other manufacturer has a hybrid turntable
(part idler-drive and part belt-drive), but
we're pretty sure that Herb Horowitz's
crew has come up with something extra
special. In fact, they measure rumble vibra-
tion amplitude in millionths of an inch.
Price, $87.50.

Audio-Empire (Dyna-Empire, Inc.), 1075 Stewart Ave.,
Garden City, N. Y.

BSR (USA) Ltd., College Point, Long Island, N. V.

Eric Engineering Co., 1823 Colorade Ave., Santa Monica,
Calif.

Gray High Fidelity Div., 16 Arbor Street, Hartford 1, Conn,

Lafayette Radio, 165-08 Liberty Ave., Jamaica 33, N. Y.

Radio Shack Corp., 730 Commoniwealth Ave., Boston 17,
Mass.

Rek-O-Kut Co., Inc., Corona, N. Y.

H. H. Scott, Inc., 111 Powdermill Road, Maynard, Muss.
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and original
observation”

—Charles Darwin, naturalist

‘Man’s search for scientific knowledge and understanding has its tap-

roots in the above thought expressed by Darwin in a letter to his dis-

tinguished contemporary, Alfred Russel Wallace, in 1857.
Speculation —intuitive contemplation guided by past discoveries—

led Darwin to his famous observations set forth in Origin of Species.

‘Similarly, it led Alexander Graham Bell to the invention of the telephone

—and has since led to dozens of major advances in the field of electrical

-communications.

At Bell Telephone Laboratories, the puzzling flow of current in
semiconductors provoked speculation which yielded the transistor—and
a Nobel Prize. Speculation about the behavior of the electron led to
experimental proof of its wave nature—and another Nobel Prize.
“Brains” capable of guiding missiles and space probes first took form
in the bold speculations of Bell Laboratories scientists.

Today, Bell Laboratories scientists and engineers are more keenly
aware than ever of the importance of speculative thinking. The far-
reaching scientific and technological developments of tomorrow are
already the subject of advanced research. Among them are radically
new inaterials and devices—basically new switching systems, transmis-
sion via satellites, and waveguide networks able to carry hundreds of
thousands of voices simultaneously.

Through informed speculation about Nature’s laws, Bell Labora-
tories will continue to search for the “good and original observations”
which are so vital to the ever-improving Bell Telephone System.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

!
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Listen to EICO Hour, WABC-FM, N. Y. 95.5 MC, Mon.-Fri., 7:15-8 PM.

the experts say EICO, 3300 N, Bivd., L.1.C. 1, N.Y.  PE-10
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Tuner HFY90
o Kit $39.957.

5 okshelf
2:Way Bospeaker
sren 3}
complete ¥iil
factory-built

wired ‘5‘12‘%’95. $49.75 incl, FET.
“gxcellent” —
SATURDAY REVIEW:

HI-FI MUSIC AT HOME. Mono Power

Wired $65.95°.
s TEREO an wewe | B J PGy et
‘ | oot " ooy AUDIOCRAFT
REO Dua I} Player/Autom | 4
STE,\mplilf_}fr; i cha?ﬁe‘;‘,:?“;i’éfé% \ sLess COVET, iy 339 gsAI\\IIN «.1‘2?22;’995,
P’""‘”ﬁ;& " cartridge and | F.ET. inch K inch. Cover & F.E.T.
Kit $69.95. “'Magnadaptaf. !

Pk b, o aass
s 35, 3 Kit $39.
€0 Dual 4-Watt; use :
sgr%':mplmer 1zfor Stere0) Wired $47.95
HF85 from mt-sza.gg. NEW!
Xit 539-3?, Wired $41.50. COMPLETE
wied 035 | STE
xipithty . . - Kono
ni'ﬁi-n REVIEW rated AMP“F'E.';
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st 0P ers: » i 8%
» STEREO Dual e AMPREESE %50, # i Rees
Power 2.0 03-'; 12-Watt; use i

PR BT 2 for Stereo}
B k o bo dri fficiency
B from Kit $34.95. Fi quality to drive i @
Wired 307.95- \ ?;\ejgk‘:x":‘: concert volume.

. fiers: New

nwod l()ew HF89:
A Kit $99.55(;)
Bl wired §139.30.
it $74.95. wired $114.95.

: K i
7g;lwnagg6: Kit $43.95. wired $74.95

Ne
Transistorize:

ower & Bjas Minlat;
Su urized
%’;:’stOZO MU'U-SIgna] Vacuum Tube
wired 8558 T 14 melr <28
. . .95, i
Wired $28.95. Wired ggggg P{’,%s;&o—:;;;
& Uni-Probe
New 5" Push-py(t {pat. pend.)
Battery-Powereg | Scope #425 wlr'f,'.} ?33'95-
| Conti Filament i 1000 Kit $44. 95 ; $49.95,
Continulty Tester Ohms /Volt Wired $79,95,
? " slvz.firpgnt $3.3. \Qg-?l-;%“ DC-5 mc g.c —
; X .90, " i - g
a0 $5.95, Wired $14.90. 5 S‘;:,(:pse7;4950 b u :u: Tube Tester
Wired $125 50 ',ﬁ"‘.‘rﬁw'ﬁ' " K"jt $30.00
! BonIE, ¥ Vired $46.65,
1 i
RF Signay Serie 6V & 12y [
enerator Paranse1 ! E Battery | F
Kit $26 52" ‘ R-C o RS - R
_Kit $26.95. ==z Combination — diger
Wired $39.95; Kit $13.05, wieX 100 | KIt$29.95. wireq 355 |
1359 o ired $19 95 Extra-filtered for ' i
mbinationst X "ggi'sgf:-' equipt, 71960 . 9= 0. | Wired $29 g5
MOST EICo DEALER "99. Wired $47.95 ‘
S OF :
FER BUDGET TERms i

© 1960 CLECTRONIC instRUMENT ¢ "
- ne.

IN ‘STOCK! Compare,
take them home — right “‘off the shelf’’ — from 2000 :neighborhood
dealers. Over 2 MILLION EICO instruments in use throughout the world.

3-00 N, aLvo,

See Page 38 for the BEST BUYS in CITIZENS TRANSCEIVERS, “HAM'' GEAR and TRANSISTGR RADIOS
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3 ~ Amateur
- Radio
G &7 The king of hobbies

By DONALD L. STONER, W6TNS

g 0
™ '

:_ e 3! - 3

b il e, L

¢ 0 Sy o ‘ HAT is a radio amateur? To his non-
- £ amateur friends, he is the slightly
£ £ . whacky character who lives in a little
e world all his own. To his wife he is the

lunkhead who gets solder en her carpets
and is responsible for enormous electric
bills. His neighbors sometimes consider
him a member of a vast organization dedi-
cated to tha violent overthrow of television.
All will agree that he seems to speak in a
foreign tongue. But to his fellow “hams,” a
radio amateur is simply a person with the
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most interesting, unusual, and rewarding
hobby in the world.

Birth of the Hobby. Although amateur
radio is strictly a twentieth-century hobby,
the birth of an infant called “wireless” oc-
curred long before the turn of the century.
In 1887, when the chief interest of most of
the population was attending a band con-
cert, a brilliant young German scientist
named Heinrich Hertz was experimenting
with electricity. Hertz discovered that a
spark could be made to jump a gap some
distance from the source of power—with
no connecting wires! He correctly deduced
that electromagnetic waves traveled be-
tween the source and the spark gap at the
speed of light. The units could be separated
by only a few feet, however, or no spark
could be detected. Nevertheless, Heinrich
Hertz might well be called the world's first
radio amateur.

The Italian genius Marconi carried
Hertz's simple experiment further by con-
necting one side of the “sending” spark gap
to wires buried in the ground; the other
side of the gap was connected to a “sky-
wire” or antenna. Equally important, Mar-
coni applied the telegraph code, devised by
Samuel Morse for telegraph lines, to his
new invention. With this setup, electro-
magnetic waves generated by the crackling
spark traveled more than a mile to a re-
ceiving station (see page 41). Practical
wireless telegraphy had arrived on the
scene; the year was 1895.

Marconi worked ceaselessly to increase
the range of his equipment, and more sensi-
tive devices were invented to reproduce
the sound of the code. By the time practi-
cal distances had reached 200 miles, many
government and commercial companies
were beating on Marconi’s door in their
search for wireless equipment. By late
1901, Marconi had thrust his signals 1800
miles from Wales to Newfoundland, in one
great leap.

Mushrooming events in the wireless field
created more public interest than had ever
been known. Experimenters found that
they could listen in on this new marvel by
building their own receiving stations; ama-
teur transmitting stations followed in short
order. The English end of the transatlantic
circuit stimulated a similar interest in that
country—the amateur experimenters, or
“am’s” as they were called, built receiving
gear with a frenzy.

Keep in mind that there were no tubes,
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Heinrich Hertz, a brilliant German
scientist, discovered the principle of
electronagnetic radiation in 1887. Al-
though Hertz died before he succeed-
ed in t-ansmitting waves more than a
few foet, he was the world's first "ra-
dio ameteur." (Culver Pictures photo)

capacitors, resistors, megacycles, or meters.
And there were no government regulations,
frequency allocations, or organizations for
amateurs. Anyone who wanted to experi-
ment built the necessary parts and plunged
into the construction of his station.

Important Milestone. Then the rotary
spark gap was invented. Rather than use a
fixed gap for the spark, this device used
many gaps which rotated at high speed. It
produced pleasant-sounding oscillations at
the then fantastic rate of 50,000 cps. Even
more important, the oscillations could be
modified by the human voice.

Many experimenters feared insanity when
voices, rather than the whine of the spark-
set, leapt out of their headsets. But once
again amateurs scrambled, this time to
hurl their voices across space. The art
of radiotelephone transmission had been
created; the year was 1906.

Publications describing all kinds of de-
vices for the experimenter were numerous.
The papers described feats of distance and

POPULAR ELECTRONICS




Guglielme Marconi, an ltalian,
was first to transmit signals across
the 1800-mile span of the Atlantic
Ocean. (Culver Pictures photo)

Hiram Percy Maxim (right}, co-
founder of the American Radio
Relay League, was instrumenta! in
the repeal of the war-time ban
on radio amateurs. (QST photo)

“heroism’ by wireless stations almost daily.
The tiny stream of fire created by Hertz
and Marconi had become a tremendous
blaze in the eyes of experimenters every-
where.

With the increased activity came an
ever-rising tide of interference between
stations. With no regulations, all stations
—amateur, commercial, and government—
were intermingled. The interference cul-
minated in the Wireless Act of 1912, with
the adoption of the rules which provide the
framework under which amateurs operate
today. Most important, the government
was to control all wireless transmissions,
all operators had to be licensed, and ama-
teurs were relegated to a no-man’s land of
wavelengths shorter than 200 meters (near
the high end of the present broadcast
band). Commercial and government sta-
tions were the only wireless stations al-
lowed below this frequency, except by spe-
cial permit. :

Amateurs protested violently, for they
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felt that this regulation effectively slashed
the wrists of their sending hands. The new
wavelengths were uninhabited and inca-
pable of propagating energy across a small
village, or so they thought. The more
progressive experimenters soon discovered
that their range had been increased, rather
than decreased, and with no additional
transmitting power! The better stations
could communicate over distances in excess
of 30 miles.

Formation of ARRL. In 1914 another
great event occurred. The Radio Club of
Hartford, Conn., formed a league of ama-
teur stations. This group, as the American
Radio Relay League, still represents U. S.
amateurs in all official matters. The pur-
pose of the League was to band amateurs
together so that they could relay messages
from one point to another as commercial
stations did.

An early network of amateurs was at-
tempted between Boston and Denver, with
the eventual hope of spanning the conti-
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nent. Soon, with the leadership of League
co-founder Hiram Percy Maxim, messages
were flying back and forth. By 1921, with
improved equipment and techniques, a mes-
sage and answer could make the round trip
between coasts in six minutes! Although
the League suffered severe financial trou-
bles in the beginning, it was able to publish
the first issue of its official organ in Decem-
ber, 1915—a magazine still known as
“QST.”

During the First World War, two-thirds
of the 6000 amateurs trooped off to the bat-
tlefield, and all amateur transmissions
ceased. During the war, and with the help
of amateurs, the government discovered
how valuable the wavelengths shorter than
200 meters were. These frequencies be-
came the exclusive property of the Navy;
and after the shooting had died down, the
Navy was hesitant to return them. Under
the pressure of League president Maxim
and secretary Warner, however, the gov-
ernment relented. In October of 1919, ama-
teur radio was restored. Call letters, con-
sisting of a number and two letters, were
again assigned by area to amateurs. (It was
much later before the W and K prefixes
were added.)

The war also made a commercial item
out of a device that was once a laboratory
curiosity. It was called a valve (vacuum
tube) and could be used to make receivers
more sensitive. Even more important, this
magic bottle could be used to generate
radio signals electronically, with no moving
parts whatever. The glow of the vacuum-
tube filament cast a shadow over the spark
gap and helix coil which signaled the end
of a great era. With a mighty whoosh of
ozone, King Spark shuddered and died!

New Vistas. Armed with this electron-
ic invention, the ARRL sent Paul F. Godly,
2ZE, to Europe for transatlantic tests. Dur-
ing the experiments, thirty American ama-
teurs were heard on the continent. Finally,
after many months of preparation, the first
two-way amateur contact flashed across
the Atlantic.

In the course of these tests, it was dis-
covered that the shorter wavelength pro-
vided superior propagation of electromag-
netic energy. Later it was found that the
wavelengths between 40 and 10 meters were
optimum for long-distance contacts. A mass
exodus to the ‘‘short wavelength” bands
began which made the California Gold
Rush seem like a school fire drill,
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From then on improvements in equip-
ment and techniques appeared in rapid
succession. Today, with modern advances,
we think nothing of speaking with ama-
teurs on the other side of the globe—it
happens daily! In fact, the amateur radio
hobby has literally soared through the
ionosphere and far out into space. For ex-

First transatlantic two-way communication be-
tween amateurs took place 37 years ago. In Novem-
ber, 1923, stations IMO and IXAM [now W4CF and
KéBJ) in the United States worked station F8AB
in France. Photo shows F8AB as it looked then.

ample, early in 1953, two outstanding radio
amateurs, Ross Bateman (W4AQO) and
Bill Smith (W3GKP), succeeded in bounc-
ing amateur signals from the surface of the
moon back to earth. Although they used
the legal maximum power for amateurs—
1000 watts—theirs was truly a marvelous
technical accomplishment.

Of equal merit was the transmission be-
tween John Chambers, W6NLZ, and Ralph
Thomas, KH6UK, in 1957. In that year
they communicated between California and
Hawaii on the 144-mc. band. Frequencies
this high, like TV signals, are usually con-
fined to short distances, and covering the
2540-mile path was thought impossible.
Later, these same two pioneers repeated
the feat on the 220-mec. band—again con-
founding the experts.

Facets of the Hobby. Amateur radio
is actually a large group of hobbies within
a hobby, for amateurs have many methods
of communication. Some prefer to use the
telegraph code system, claiming it is more

POPULAR ELECTRONICS




Amateur station 3OT (left) in
the year 1925. Object in center is
a tapped coil; a large transmitting
tube is on the right. (QST photo)

Ham of the Year {1959) Walter
Ermer, Sr., WBAEU {below, right),
helped grovide Cleveland, Ohio,
with a 300-man emergency corps.

Homemade station W4AOQ (be-
low, left) in the basement of Ross
Bateman's home was used to bounce
signals off the moon. (QST photo)

reliable and less expensive. Others insist
that talking over the air is more personal.
Still other hams do their ‘“talking” with

rattling teletype machines. And a few
hardy souls even have their own TV sta-
tions. In all, there are more facets to the
hobby than to the Hope diamond! Let’s look
at a few of the activities that occupy the
time of almost 200,000 people.

Chatting, or “rag-chewing,” is by far the
most popular diversion, for hams love to
talk! As soon as the first cigaretite of the
morning is lit, Sam Ham will flick on his
receiver and transmitter, even before put-
ting the coffee pot on the stove. Other
hams are doing the same thing. More often
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than not, a group of these early birds col-
lect in a “round-table,” and the microphone
is passed around via the air waves until it
is time for the various members to dash off
to work. The scene is repeated after sup-
per by some of the more rabid members of
the clan.

“What do you find to talk about?” hams
are often asked. The simplest answer is
that sex, religion, and politics are frowned
upon, but virtually everything else goes.
Generally, the conversation drifts around
to technical subjects, new equipment, the
latest circuits, and so on.

Sam Ham might alsa be interested in an-

(Continued on page 134)
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Instructors at New York Univer-
sity's language lab, left, walk around
the classroom, keeping tabs on each
student’s progress and straighten-
ing out any problems that may arise.

Student's booth contains a tape
recorder, a microphone, and a set
of headphones. The student listens
to a prerecorded lesson and repeats
it phrase by phrase into his tape re-
corder, In playback, he hears the
two tracks one after the other and
is able to compare his pronuncia-
tion with that of the instructor.

Language Laboratories

The electronic answer to the language-teaching problem

HEN it comes to foreign languages,

Americans have traditionally been
among the most poorly educated people in
the world. This is unfortunate and perhaps
even dangerous. With modern technology
making the world smaller every month, it
is becoming increasingly apparent that a
knowledge of foreign tongues is important
in the pursuit of world peace.

To facilitate the teaching of languages in
our schools, educators are turning to elec-
tronics—more specifically, to the magnetic
tape recorder. “Language laboratories”
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By GEORGE LESKO

which center around the use of tape re-
corders are springing up in high schools and
colleges all over the country.

How does a “language laboratory” work ?
As an example, let’s consider the one re-
cently installed at New York University.

Dual Recording. In a classroom meas-
uring 100’ x 100', there are 177 semi-
enclosed booths. Each booth is lined with
sound-absorbing material and contains a
microphone, headphones, and a tape record-
er. A bank of 11 “master” tape recorders
located in the front of the classroom permits

POPULAR ELECTRONICS




The success of the language-lab concept
has led to production of cemmercial equip-
ment specifically designed for this application.
At left above is the control console for the
"Medallion" 50-student, 4-language system,
produced by the DuKane Corp., St. Charles, .
Directly above is one of the "Medallion's" lis-
tening booths. At left, a high-school class in
Russian is finding out that the language-

11 languages to be taught simultaneously.

As a student sits at his booth, he listens
to a prerecorded lesson. After the instruc-
tor's voice speaks a word or phrase, the
student repeats it into his microphone, and
both voices are recorded on tape. In play-
back, the new recording allows the student
to compare his pronunciation with that of
the instructor.

The progress of the students is noted in
two ways. First, the instructor can walk
from booth to booth, plugging in his head-
phones to listen to a single student; this
gives the student a feeling of personal at-
tention and provides a means of solving in-
dividual problems. In addition, the instruc-
tor can plug his headphones into the master
control at the head of the classroom and
listen to students without their knowledge.

‘Flectronic’” Education. How does the
electronic language laboratory advance
education? It frees the instructors from

October, 1960

lab method of learaing is quick and easy.

the drudgery of routine teaching, practice
drill, and pronunciation problems. One in-
structor becomes 30 teachers at the same
time, and is capable of giving individual
attention to any single student without
holding up the others.

Also, the students get much more prac-
tice in the language lab. In a conventional
language class, a student averages perhaps
one minute of active participation during a
session. The language lab enables him to
have forty minutes of speaking time per
session.

The future for language laboratories
looks exceedingly bright. In the New York
City school system alone, about twenty
language labs are expected to be in opera-
tion by the end of the 1961 school year.
Other educational centers throughout the
country are also planning to make full use
of this revolutionary new electronic teach-

ing tool. -Bo-
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VER since the beginning of the hi-fi era,

loudspeakers—like every other compo-
nent in the sound-reproducing chain—
have been fuel for heated arguments be-
tween audiophiles. But unlike amplifiers
and preamps, speakers have managed to
hold on to their very audible personalities.
The bumpy response curves of even the
most expensive speaker systems are some-

There are good reasons

for the differences you hear
between speaker systems.
Understanding the differences
is the key to finding

the right speaker for you

how unimpressive in comparison with those
straight-as-an-arrow graphs drawn for
quality amplifiers. Fortunately, most
speaker systems sound a lot better than
their response charts look.

Thanks to the individuality of speakers
and the people who listen to them, listening
tests and reports on speaker systems have
never been easy to make. All things con-
sidered, there are good reasons for relying
on your ears as the ultimate judges of
speaker quality. But to make your ears
reliable test instruments, it's important to
understand the reasons for those hard-to-
describe differences between speakers and
your reactions to them,
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By JOHN MILDER

Despite tradi-
tional yardsticks like frequency response
and distortion measurements, most audio-
philes rely on the term “coloration” to de-
scribe the differences between a pair of

Speaker Coloration.

speaker systems. Classifying the kind of
sound from any speaker usually calls for
words like “mellow,” ‘“brilliant,” “crisp,”
and so on. But the ultimate praise for the
speaker an audiophile picks to take home to
his living room is the word “uncolored.”
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Frequency ranges of human speech and typical music

Since “coloration’ gets a real workout in
the lingo of hi-fi showrooms, let’s take a
closer look at it and see what it really
means.

Although you may not know enough
awnut the world of hi-fi music to tell a score
fron. a schematic, you're buying a musical
instrunent when you select a speaker sys-
tem. Like a violin or a bass drum, a speak-
er vibrates to set air in motion and produce
sound. .\ violin gets its orders from the
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al instruments. Organ (not shown} extends to 30 cps.

man behind the bow, while a speaker obeys
electronic directions from an amplifier.
Each instrument in a symphony orches-
tra sounds different because of the varying
harmonics they produce along with their
fundamental frequencies. Without their
distinctive harmonics, all instruments
would act like sine-wave generators and
sound exactly like each other. The har-
monics themselves get their start in life
from the construction of the instruments,
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On-axis response of a high-quality
speaker compared to response curve
for a typical hi-fi amplifier. Note
pronounced dropping off of speaker
response at upper and lower limits.

the materials used, and the way the instru-
ments are played. Everything about a vio-
lin, for instance, down to the glue used to
put it together, helps to decide its “colora-
tion” and musical personality.

Speaker coloration follows the same
rules. Speakers are made from many ma-
terials—from paper pulp to plastics—and
any material that's part of a speaker’s vi-
brating mass will add harmonics which
color the speaker’s sound. Since only one of
today’s speakers—Electro-Voice's “Iono-
vac” tweeter —-creates sound with an ionized
air “diaphragm,” virtually any speaker you
buy will have some degree of coloration.

Coloration and Distortion. When we
call a speaker harsh or muddy, the speaker
itself is overshadowing the sound it's try-
ing to reproduce. On test instruments, ex-
cessive coloration will show up both as dis-
tortion and as very uneven f{requency
response.

When a speaker won't let you forget for
a minute that it’s only a speaker, it’s hav-
ing a field day with its harmonics and pay-
ing little attention to an amplifier's direc-
tions. Often the reason is the use of too
“live” a material for a speaker cone; the
closest musical equivalent would be bang-
ing on an oil drum instead of a tympani.
But even a cone of good inert material can
g0 off on its own. If the cone isn’t properly
designed or isn't adequately controlled by
the magnetic field which surrounds its
voice coil, it can vibrate independently or
flex at the wrong points along its surface.
A speaker with all these faults sounds as
musical as Jack Benny's violin.
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Most speaker manufacturers go to great
lengths to avoid excessive coloration. They
test cone materials and experiment with
suspensions and magnetic structures. And
they do their best to make sure that speak-
ers don’t assert their own character at the
expense of the music they are called upon
to reproduce.

The acid test of the manufacturer's suc-
cess is your ability to “hear through” a
speaker system without being distracted by
its over-all sound quality. It's worth re-
membering, though, that the subtle differ-
ences you can hear between quality speakers
are unavoidable. Whether it's a moving-col
or an electrostatic unit, every speaker nas
its trademark in sound, yours to like or dis-
like.

Speaker Enclosures. While speakers
provide enough problems to keep any en-
gineer from getting bored, the enclosures in

POPULAR ELECTRONICS
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which they are mounted also have their say
as musical instruments. The role of an en-
closure can be as important as the sound
chamber of a Stradivarius violin. The part
played by an enclosure in the overall sound
of a speaker system depends to a large ex-
tent on what we ask it to do. Its general
sound quality will also depend in part on
how well it’s made.

A bass reflex cabinet, usually designed to
cancel out a speaker's resonant frequency
and extend its bass response, adds its own
distinct flavor to a speaker’s sound. Depend-
ing on its design, it can make for a juicy
resonance in the base response by adding
harmonics at intervals above the speaker’s
resonant frequency. Other resonant en-
closures—those designed along the lines of
an organ pipe, for example—also color a
speaker’s sound. There's nothing particu-
larly unmusical about this type of colora-
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A lab technician, female and also
under 30, was generally more sensi-
tive to middle and higher frequen-
cies. Most tests indicate that wom-
en have better “ears'’ than men do.
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tion, but a badly tuned or poorly built en-
closure adds boominess or rattling which
makes for uneasy listening,

An infinite baffle, intended primarily to
keep a speaker’s back-wave from cancelling
out its front-wave at iow frequencies, also
adds its own kind of coloration. Overall
sound from an infinite baffle can be dis-
tinctly unpleasing as a result of panel reso-
nance from poor construction,

Horn enclosures, too, have the job of
boosting a speaker’s
ability to move air at
low frequencies. But
a badly designed or
constructed horn can
add a very annoying
coloration, and using
a horn enclosure with
a speaker intended
for infinite baffling
can produce a muddy,
bass-heavy sound.

Since any enclosure
is meant to be a part-
ner—ideally a silent
one—for its speaker, it’s always smart to
follow the instructions of a speaker’s man-
ufacturer to a “T"” when you build your
own cabinet. But whether or not you're a
do-it-yourself’er, make sure that you judge
a speaker only in an enclosure specifically
designed for it.

Listener Response. In any listening
test, our own listening habits affect our
judgments as much as anything that a
manufacturer builds into his speaker sys-
tems. By hi-fi standards, though, the quali-
ty control with which we’re turned out as
listeners is pretty poor, and the “frequency
response chart” of an average pair of ears
is much more uneven than the graph for a
mediocre full-range speaker (see charts
on p. 51). Medical standards for “normal”’
hearing ability permit almost a 25-db vari-
ation in our response from 125 to 10,000
cps; audio equipment with that kind of
tolerance would put a manufacturer out of
business.

Although your own frequency response
chart would make any speaker’s chart look
good in comparison, the up’s and down’s in
your “response curve”’ are important for
judging a speaker system. If one person
has trouble hearing a frequency at which a
speaker is peaking or distorting badly, he
may be able to listen comfortably to a
speaker which would drive another person
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—with better hearing at that frequency—
out of the room.

In addition to our individual hearing
abilities, there’s also 1the matter of listening
habits. After some experimentation, one
listener discovered that speaker systems
which sound right to a violinist friend of
his sound very harsh and unnatural to him.
His friend is used to the piercing, gutty
quality of a violin at close range, while he
is used to the string tone heard from the
back rows of a balcony. Many similar lis-
tening habits help to shape our preference
in recorded sound.

Our imperfections as hi-fi listeners ought
to keep us from being arbitrary in our
judgments of speaker systems. They are
also our best defense against critical
friends who find our speaker systems too
tinny or too dull for their tastes. If a
speaker passes the
objective tests we can
give it, there’s no rea-
son to cringe under
criticism from a
neighbor with “gold-
en ears.”

Use Your Ears.
There are several re-
liable tests for judg-
ing a speaker, and
today’s range of
speaker systems
makes it easy to find
one for your particu-
lar tastes. The job will be even easier,
though, if you trust your common sense
and avoid arbitrary standards which don’t
take you into account.

If you have any fixed ideas on how wide
a speaker’s frequency response must be for
hi-fi listening, don’t insist on them. Trust
your ears to tell you which speaker in your
price range comes closest to live sound as
you know it; and make sure that a speak-
er’s response at one end of the frequency
range is balanced by its performance at the
other end. A speaker with very good highs
but weak lows will wind up sounding thin
and unsatisfying in your living room, and a
system with solid lows and missing highs
will leave you thinking that an orchestra
has too many bass fiddles and drums.

Many authorities feel that the product of
the lowest and highest notes your system
will handle should equal 400,000; others
have picked totals as high as 600,000. This

(Continued on page 137)
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PULSE .
MODULATION

ROM SATELLITE 1959-delta the message came loud and

clear: a huge belt of electrons circles the planet earth thou-
sands of miles out in space. Qur 1959-delta had further jolting
news: the outer Van Allen radiation belt, once thought to ex-
pand after a solar eruption, actually shrinks. Even more strik-
ing was the news that there is a huge interplanetary ‘“atom
smasher” centered about the sun.

Satellite 1959-delta, commonly known as “Explorer V1,” had
a lot more to say. But how it said it is just as interesting as
what it said. A great deal of Explorer VI's information was
sent by a five-watt transmitter that used pulse modulation, the
most sophisticated modulation system known today. So im-
portant is this new communications system that it is already
used for telegraphy, radar, multi-channel microwave transmis-
mision, and telemetry, as well as space communications.

Basic Theory. The idea of pulse modulation has been
around a long time. In telegraphy, the familiar “dots and
dashes” of the Morse code are pulses produced with a switch
or key. Ham operators have long been using a form of pulse
modulation when they key their high-frequency transmitters
to send out pulses of electromagnetic energy in code. Television
servicemen come across a form of pulse modulation in the
gated-beam tube.

The principle behind the pulse modulation system is actually
ridiculously simple: information is impressed on a train of
pulses instead of directly on a continuous-wave carrier. But
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This exciting
method of
communication

is reaching out
beyond

the frontiers

of space

By
HERBERT KONDO
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if it’s as simple as that, why all the excite-
ment about it? What does pulse modula-
tion have that more familiar forms of
modulation—AM and FM—don’t have?

For one thing, pulse modulation offers
practically noise-free transmission and re-
ception—even more so than FM. To visual-
ize this concept, let’s consider a train of
ideal pulses—pulses with vertical sides, as
shown in (A) of Fig. 1. Noise is picked
up during transmission, resulting in the
waveshape shown in (B). With suitable
clipping and limiting circuits, we can repro-
duce only that part of the pulse signal be-
tween the dotted lines, as shown in (C).
Having done this, we can then re-transmit
this new signal free of noise.

Pulse modulation has another outstand-
ing advantage. It uses transmitter energy
more efficiently than either AM or FM be-
cause of the simple ‘‘on-off” nature of the
pulses. This means that a pulse transmitter
will have a longer range than an AM trans-
mitter of the same power.

All pulse modulation systems boil down
to two basic principles:

(1) A message signal modulates a train
of pulses which are applied to a subcarrier.

(2) The subcarrier then modulates a
high-frequency carrier.

The relation of a subcarrier to a carrier
can be made clear by an analogy. Let’s sup-
pose that there are five messenger boys on
the same subway train in New York City.
Each boy is carrying a message to a differ-
ent destination (receiver). If we think of
the subway as the carrier, then each mes-
senger boy is a subcarrier. The message
each boy carries is the modulated signal.

Sampling. The most important idea in
pulse modulation is sampling, a concept
which we come across almost every day.
For example, if you've never heard a ster-
eophonic recording, you can listen to a
“stereo sample” record and get a good idea
of what stereo is like. Another widely
known use of sampling is the public-opinion
poll which bases its findings on selective
sampling techniques.

If we want to transmit a conversation
by pulse modulation, we take samples of
the conversation—thousands of samples
each second—and then transmit them in
the same order in which they were spoken.
Fach pulse is actually a single sample; its
height, width, or position indicates the in-
stantaneous value of the sound sent.

For good reproduction, it has been shown

54

IDEAL
PULSE —>

ORIGINAL
w5

GNAL
NOISEX R
— Ry e .
(B) S'ESDAL CLIPPING
NOISE

LEVELS
_J._:J_._.._.._____._.___.._...
e drple

(c) RECONSTRUCTED
SIGNAL

Fig. 1. Original signal amplitude
of pulses (A] is affected by noise
in transmission (B). Electronic clip-
ping restores original signal ({C).
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that the number of samples per second
must be greater than twice the highest fre-
quency of the signal we wish to send. Thus,
if the highest frequency in a telephone con-
versation is 4000 cps, we must take at least
8000 samples each second.

Types of Modulation. Another basic
concept in pulse modulation is the modula-
tion itself. When we modulate a carrier
wave, we ordinarily alter its amplitude
(AM), its frequency (FM), or its phase
(PM). The nice thing about a pulse is that
there’s another characteristic we can use
for modulation, namely, time.

If we alter the timing of the pulses, we
are effectively changing their position rela-

POPULAR ELECTRONICS



tive to one another—this is actually done
in pulse position modulation (PPM). In
pulse width modulation (PWM), we alter
the width of the pulses; in pulse frequency
modulation (PFM), the frequency of the
pulse changes. We can also alter the ampli-
tude of the pulses to produce pulse ampli-
tude modulation (PAM). And we can even
code the pulses, as is done in pulse code
modulation (PCM).

Let’s take a closer look at all of these
pulse modulation techniques and find out

somewhat similar to ordinary FM, except
that the basic carrier consists of equally
spaced pulses rather than a sine wave. The
occurrence of the pulses varies with the
amplitude of the modulating signal, as in
Fig. 2(D).

PAM. In pulse amplitude modulation, the
height of the pulses varies directly in ac-
cordance with the modulating signal, much
like the amplitude modulation of a continu-
ous-wave (c.w.) carrier. In Fig. 2(E), the
positive-going portion of a sine wave in-
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Fig. 3. Satellites can send a number of messages over a single transmit-
ter by sampling each signal with a rotating commutator, then convert-

ing the sampled information to PWM signals for transmission to earth.

how a sine wave—see Fig. 2(A)—is trans-
mitted in each system. Later, we'll see
how pulse width modulation and pulse code
modulation are used in transmissions from
satellites and in multi-channel telephone
communications.

PPM. Pulse position modulation, widely
used in radar and in microwave relays, de-
pends on a modulating signal varying the
position of the pulses. A separate genera-
tor produces a series of marker pulses
which act as reference points. With PPM,
the relative position of the signal pulse and
the marker pulse are important, as shown
in Fig. 2(B).

PWM. In pulse width modulation, the
width or duration of the pulses varies di-
rectly in accordance with the modulating
signal, as shown in Fig. 2(C). Also known
as pulse duration modulation (PDM),
PWM varies either the leading or the trail-
ing edges, or perhaps even both edges, of
the pulses. For example, if the leading
edges of the pulses were spaced at equal
time intervals, the trailing edges could then
be varied (displaced in time) in accordance
with the amplitude of the modulating sig-
nal. Since pulse width modulation requires
relatively simple circuitry, it is the ideal
type of pulse modulation for use in outer
space vehicles.

PFM. Pulse frequency modulation is
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creases the height of the pulse train, while
the negative-going portion of the signal de-
creases the height.

PCM. Pulse code modulation uses the
presence or absence of a pulse to convey
information. In the sample shown in Fig.
2(F), the code makes use of a group of
four positions, which may be “filled” with
either a pulse or a space (absence of a
pulse).

PWM in Quter Space. If we were to
make a block diagram of the telemetry
system used in the Vanguard rocket, it
would break down into the five simple
blocks shown in Fig. 3. (See “Telemetering
—Vital Link to the Stars,” in the Novem-
ber 1959 issue of PopuLar ELECTRONICS for
a complete discussion of telemetry.)

In Fig. 3, a rotating sampling switch—
called a commutator—samples a number
of contacts which are connected to devices
that measure outer space data (cosmic and
ultraviolet rays, X-rays, etec.). Informa-
tion from the contacts is then sent to the
keyer which triggers a one-shot multivi-
brator (itsell’ a special type of PWM gen-
erator). With this arrangement, the multi-
vibrator produces pulse signals whose
width varies in accordance with the infor-
mation (voltage) supplied to it by the com-
mutator and keyer. The PWM signals are
fed to the oscillator, which modulates the
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transmitter that sends satellite perform-
ance information to earthbound receiving
stations.

“Explorer I,” which discovered the Van
Allen radiation belt, also used pulse width
modulation. The initial output of the cos-
mic ray channel, which carried the Van
Allen radiation information, was a pulse
width signal which then frequency-modu-
lated a subcarrier oscillator. The subcar-
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—a quantized signal (B)—and
then converted to binary num-
bers. Binary code chart ({C) gives
decimal value of binary numbers. 00

"

~|lo[~|o|-|o]|~-
"
bl A B N ¢ - RN

!
I
0
o
I
|

I
I
|
I
o
0

QUANTIZED BINARY CODE

QUANTIZED !
( 1y

AMPLITUDE

oLl =3 o=
(B)

rier, in turn, phase-modulated the carrier
of the satellite’s transmitter. This rather
complex sequence of modulation techniques
also occurred on the cosmic dust transmis-
sions from Explorer I.

PCM in Communications. Of all forms
of pulse modulation, the most exciting is
pulse code modulation. Says a one-time
Bell Telephone Laboratories scientist: “It’s
the most sophisticated communication
technique around. It has the advantage of
an extremely high signal-to-noise ratio,
plus the added element of secrecy. PCM
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is statistical in nature, and it’s hard to jam
any statistical communication system—the
less predictable the system, the harder it
is to design electronic countermeasures
against it.”

Suppose you bought a VTVM kit for
$29.17, tax included. If a friend asked you
how much you paid for it, you might tell
him that it cost $30.00. Would you be ly-
ing? Not at all—you are perfectly justified
in rounding off the numbers to the nearest
easily remembered figure. People are doing
this sort of thing all the time. The same
technique is used in pulse code modulation.

For example, if the amplitude of the sig-
nal we wish to send is 4.7 volts, PCM would
send it through as 5 volts; if the signal am-
plitude is 2.37 volts, PCM would transmit
it as 2 volts. This simplification is neces-
sary because the signal has to be coded, and
the code uses only whole numbers.

Let’s suppose we want to send the signal
shown in Fig. 4(A). Sampling pulses sense
the amplitude of the signal to be trans-
mitted. Pulse A, which has a value of 3.2
volts, is changed to an amplitude of 3 volts
as shown in Fig. 4(B). Pulse B, which has
a value of 3.8 volts, is changed to an ampli-
tude of 4 volts. This process of simplifying
the original signal in terms of whole num-
bers is called quantizing the signal; the re-
sult is known as a quantized signal—see
Fig. 4(B).

Once the signal is quantized, it must be
coded for transmission (hence the name,
pulse code modulation). For this, the
binary code is used (see “The Language of
Digital Computers,” PoPULAR ELECTRONICS,
January 1958, p. 68).

Each quantized pulse representing the
amplitude of the signal at a given point
must be changed into a group of pulses in
the PCM binary code. Always keep in
mind this distinction between the quantized
pulse and the pulse group: the quantized
pulse is a sampling pulse, whose value will
be determined by its amplitude; the pulse
group represents the original signal in
binary language.

In a binary pulse group, only the pres-
ence or absence of a pulse has meaning. If
the code is a three-pulse group, as shown
in Fig. 4(C), then the far-right position
has a value of 1 if a pulse is present, or 0 if
the pulse is absent. The middle position
would have double the first position’s value,
or 2, if a pulse were present, but would

(Continued on page 124)
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By J. A. STANLEY

Self-powered unit pulls in
short-wave and ham broadcasts

while you drive

UNING IN short-wave or ham stations

on your auto radio is easy with this crys-
tal-controlled converter. A small, self-pow-
ered unit, it can be quickly connected to
any auto radio by simply inserting it be-
tween the radio and the antenna. Although
the converter uses only one transistor, it
will pull in foreign short-wave broadcasts
easily. You'll be able to tune all frequen-
cies between 30 and 49 meters (about 5 to
10 me.), using only five different crystals.

Since the converter runs on its own bat-
tery, you won’'t have to break into your
car’s electrical system. Parts will cost

October, 1960

Build a MOBILE

SHORT-WAVE
CONVERTER

around $10, and you should be able to com-
plete the unit in a couple of evenings.

Construction. The complete converter
is built into a 5”"x2%" x2%" aluminum
box as shown. Using a slightly larger box
will make assembly easier, but take care to
keep tuned-circuit leads short.

Of the five coils (L1 through L5) in the
converter, only two (L3 and L4) are hand-
wound. Coil L4 consists of 22 turns cut
from a section of Barker and Williamson
3016 coil stock. Any similar coil stock can
be used as long as it has a spacing ratio of
32 turns to the inch and a 1” diameter. Note
that L4 is tapped 2% turns from the
ground end, as shown in the pictorial detail.

Antenna cecil L3 consists of nine turns of
No. 22 solid insulated hookup wire wound
directly over Lj. A turn or two of plastic
tape around L} separates the two coils.

Coils L1 and L2 are the “garden” variety
of broadcast-band antenna loopsticks. If
you have a eouple of these in your junk
box, so much the better, but keep in mind
that they have to be short enough to fit into
the box you select for the converter. The
r.f. choke (L5) should have a value of
about 2.5 mh., as shown in the parts list;
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PARTS LIST

Bl—3-volt battery (two penlight cells in series,
Burgess Type Z or equivalent)

C1-—500-ppf. ceramic capacitor

C2, C4—100-yuf. mica or ceramic capacitor

C3—100-puf. midget variable capacitor (Hammar-
lund APC-100B or equivalent)

CS, C6—.001-uf. ceramic capacitor

J1—Auto antenna jack (Motorola 1207 or equiva-
lent)

L1, L2—Ferrite broadcast-band loopstick {Lafay-
ette MS-11 or equivalent)

L3—Antenna coil (see text)

L4—Tuning coil (see text)

L5—2.5-mh. r.f, choke (National R-100 or equiva-
lent)

Pl1—Auto antenna plug (Motorola 1200 or equiva-
lent)

Q1—2N247 transistor (see text)

R1—390,000-ohm, Va-watt resistor

S1—D.p.d.t. slide switch (Lafayette SW-17 or
equivalent)

S2—S.p.s.t. slide switch (Lafayette SW-14 or
equivalent)

Xtal—S$- to 8-mc. crystal (James Knight H-73 or
equivalent—see text)

1—8" x 214" x 214" aluminum box {Bud CU3004A
or equivalent)

Misc.—Hardware, battery holder, sockets

current rating isn’'t important, but the d.c.
resistance should be as low as possible.
Any number of transistors will work in
the converter; a 2N247 (RCA) was used in
the model, but the AO-1 and 2N344/SB101
(Philco) will serve as well. The converter
will even work with the low-cost 2N170
(G.E.), if you reverse the battery polarity
shown on the schematic. With the 2N170,
though, the converter’s tuning range may
be limited from 5.5 to 6 or 7 mec., depending
on how well your 2N170 oscillates.
Frequency Coverage. Select a crys-
tal with a fundamental frequency between
5 and 8 me. Any 40-meter ham-band crys-

58

Schematic diagram of converter
shows a p-n-p transistor for QI.
Battery polarity should be reversed
if an n-p-n transistor is used.

tal will do, as will the surplus F'T-243 units.

The converter will tune from 550 to 1600
kc. higher than the frequency of the crystal
you select. For example, if you select a
6450-ke. crystal, you will be able to tune
from 7000 to 8050 kc. on your auto radio
dial. This range takes in the 40-meter ham
band and the 39-meter international short-
wave band.

If you want to pick up other frequencies
in the converter’s 5- to 10-mc. range, simply
select a crystal near the frequencies shown
in the following table.

Crystal Frequency Frequency Covered
(kc.) by Auto Radio
(ke.)
5000 5550 to 6600
6000 6550 to 7600
7000 7550 to 8600
8000 8550 to 9600
Operation. Once the crystal has been

selected, it's an easy matter to fire up the
converter. Simply unplug the antenna lead
from the auto radio and plug it into jack
J1 on the converter. Then insert plug Pz
from the converter into the auto radio’s an-
tenna jack.

Now switch on the converter and the
auto radio. Set bandswitch S on the con-
verter to “short wave.” and tune the car
radio. Instead of the usual broadecast sta-

POPULAR ELECTRONICS
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tions, you should hear short-wave stations.
You can now adjust tuning capacitor C3
on the converter for best results.

If there are one or two broadcast sta-
tions that still “ride through,” adjust the
slugs on coils L1 and L2 to eliminate them.
Otherwise, just set one slug “in” and one
“out” to trap broadcast stations equally
well across the band.

For normal broadcast-band reception on
your car radio, switch off S2 on the con-
verter and set bandswitch 87 to “broadcast
band.”
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LUG_GROUNDED
TO 80X

Pictorial diagram
shows placement of
all parts. If you use
a three-terminal
transistor, disregard
shield connection.

L3

9 TURNS #22 SOLID,
INSULATED HOOKUP
@ WIRE WOUND OVER L4

22 TURNS OF ["DIa,
BARKER B WILLIAMSON
#3018 COIL STOCK

TAP 2% TURNS FROM
GROUND END

HOW IT WORKS

The converter is basically a self-oscillating mixer.
With switch S in the short-wave position, signals
picked up by the auto antenna are fed into jack JI
and pass through the switch contacts. Short-wave
signals pass through both broadcast-band traps con-
sisting of tuned circuits L1-CI and L2-C2, while un-
wanted broadcast-band signals are eliminated. The
short-wave signals are then induced into tuning coil
L4 from antenna coil L3; capacitor C3 tunes L4 to
the frequency of the short-wave signal.

Transistor Q1 operates as an untuned crystal oscil-
lator and an r.f. mixer. The desired signal is applied
to the base of QI through capacitor C4 and is mixed
with the frequency of the crystal. The difference fre-
quency (signal frequency minus crystal frequency),
which falls on the standard broadcast band, appears
at the collector of QI. This signal is applied to the
auto radio via capacitor C6, switch S7, and plug P1I.
Fesistor R supplies base bias to Q7, choke L5 serves
as a collector load, and C5 serves as an r.f. bypass
capacitor. Transistor Q7 is powered by battery B!
through on-off switch §2.

When the converter is not in use, bandswitch S7
is placed in the broadcast position. With this setting
of S1, broadcast-band signals are fed through jack JI
‘and plug P! directly to the auto radio.
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Kill Those Harmonics

Inexpensive, easy-to-make tuned stubs

will eliminate harmonics from your CB or ham rig

HETHER you're a Citizens Bander or
a ham operator, harmonics from your
transmitter can ruin your neighbor’s TV
pleasures and bring him pounding on your
door. Likewise, the FCC takes a dim view
of anyone who clutters up the bands with
spurious radiations.
One sure way to help clean up your sig-
nal is to connect a stub filter to your an-

By KENT A. MITCHELL, W3wWTO

wave stub connected in parallel with the
transmission line from transmitter to an-
tenna. Since the stub is a quarter wave-
length of the signal frequency, it presents
a very high impedance to the transmitted
signal, and the signal passes on to the an-
tenna with little or no loss in power. Even-
order harmonics, however, are confronted
with a virtual short circuit, since the stub

XMTR

Fig. 1. Quarter-wave stub filters can
be of either the "shorted end" (A)
or "open end" (B} types. Both types
eliminate even-order harmonics.

XMTR

tenna transmission line. Although rela-
tively simple and inexpensive, quarter-wave
stub filters are very effective in eliminating
even-order harmonics (2nd, 4th, 6th, etc.)
from the output of a transmitter feeding a
single-band antenna.

There are two types of quarter-wave
stub filters. In one case, a quarter-wave
stub with a shorted end is connected in
parallel with the transmission line; in the
other, a quarter-wave stub with an open
end is hooked up in series with either leg of
the transmission line. Let’s see how these
two types of stubs work and how they are
used.

Figure 1(A) shows a shorted quarter-
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offers a very low impedance at these fre-
quencies. The parallel shorted stub is
easily connected to coaxial transmission
lines as well as twin-lead and open-wire
lines.

Figure 1(B) shows an open-end quarter-
wave stub hooked up in series with the
transmission line. The stub offers little
or no resistance to the fundamental fre-
quency, allowing it to pass to the antenna.
Even harmonics, on the other hand, “see”
some multiple of one-half wavelength—a
near-infinite impedance for these frequen-
cies—which prevents them from reaching
the antenna. Open-end series stubs are not
suitable for coaxial transmission lines since

POPULAR ELECTRONICS




they are difficult to connect to this type of
line. However, connection to either a twin-
lead or open line is simple.

To make a stub filter for your ham or
Citizens Band transmitter, use a piece of
transmission line of the same type and im-
pedance you presently use. To determine
the length of the stub, substitute the fun-
damental frequency of your transmitter in
the following formula:

Lengthof _ 246 « Velocity fac-
stub (feet) = Freq. of tor of stub
xmtr. (me.)

Incidentally, coaxial cables such as

RG-8/U, RG-58/U, RG-11/U, and RG-59/U
have a velocity factor of 0.66; flat 300-ohm
TV twin-lead has a velocity factor of 0.82;
tubular 300-ohm line is rated at 0.84; and
the popular 450-ohm open-wire transmis-
sion line at 0.90.

As an example, let’s say we are going to
cut a shorted stub filter for the 6-meter

Transmission Line

Fig. 2. T-connector inserted
in coaxial transmission line

makes convenient jack for
connecting shorted-stub filter,

Shorted Stub Filter

just attach a male coax connector (Am-
phenol 83-851 or equivalent) to the stub
so that it can be easily connected to the
T-connector. For twin-lead or open-wire
stubs, solder the stub directly to the line
as shown in Fig. 3.

Keep in mind that a stub filter is not in-
tended to replace a low-pass filter but
rather to supplement one. A stub filter is
more efficient in attenuating troublesome
even harmonics which can be a cause of
TVI, while a low-pass filter attenuates all
harmonics very effectively. {30

Transmission Line

amateur band on 50.1 mec., using coaxial
cable. Applying the formula, we find:

Lengthof _ 246
stub (feet) 50.1 e
= 324’ or 39”

A quarter-wave shorted stub for the
popular CB channel 11 (27.085 mc.) would
be determined as follows:

Lengthof _ _246
stub (feect) 27.085
=6'or 72"

Hook up the stub to your coax trans-
mission line using a T-connector (Amphen-
ol 82-36 or equivalent) as in Fig. 2. Then

October, 1960

X 0.66

Fig. 3. Open-stub filter can
be soldered directly into
transmission line using open-
wire or twin-lead construction.
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Various manufacturers sell adjustable leveling
feet for turntable or record-changer bases. Unit
shown above replaces the customary felt corner pad.

Keeping your Hi-Fi
on the Level

Simple adjustments can prolong life of stereo records

T OP stereo disc performance is possible
only when your turntable, tone arm,
and cartridge are perfectly level. If the
turntable and/or tone arm are not exactly
level, the cartridge may jump grooves and
slide across the face of the record. Even
if this doesn’t happen, the stylus and rec-
ord grooves will wear more rapidly on one
side than on the other. In addition, tilting
causes unbalanced response and distortion.
Accurate leveling of turntable and car-
tridge is the only way to insure correct
tracking.

If your turntable and tone arm are
mounted on a wood platform, the best way
to level the turntable is to install adjust-
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By ART TRAUFFER

able leveling feet on the bottom corners of
the base. Lay either a tubular level or
round level on the turntable and adjust the
leveling feet screws until the turntable is
exactly level. The round level is preferable
since it indicates unbalance in any direction
without the necessity for repositioning it
on the turntable.

If your turntable and tone arm are
mounted in a console cabinet, you can tilt
the turntable by making adjustments in the
mounting board, or by placing thin metal
shims under the feet of the console legs.
If your console cabinet is not too heavy,
you may be able to install adjustable level-
ing feet on the bottoms of the legs.

POPULAR ELECTRONICS




Circular bubble level costs about 90 cents, can
be placed anywhere on turntable, and will reveal
even small amounts of slope without repositioning.

Adjusting cartridge shell to make it paralle! with
record surface is easy with a circular level. Some
pickups can also be adjusted from side to side.

After the turntable has been leveled, the
next step is to level the tone arm from
front to back. First place a record on the
turntable and set the stylus on the record.
Then set a tubular level on top of the pick-
up arm. If your particular tone arm calls
for it, adjust the height of the arm until it

October, 1960

Top surface of most professional tone arms should
be parallel to the record surface. Check this with
a level and adjust height of the arm accordingly.

ya
Z_ MIRRIR ON TJRNTABLE (MIRROR

BT SHOULD BE ABOUT SAME
n  THICKNESS AS RECORD)
- . ?.' {

v

o . 4 —&

Pocket mirror provides simple method of checking
vertical alignment of the cartridge stylus. Equal
force should be exerted on both sides of groove.

is exactly horizontal from front to back.

A novel way to align the stylus from side
to side is to use a small mirror of about the
same thickness as your records and adjust
the tone arm from side to side until the
stylus and its reflection in the mirror are
in a vertical line. —30—
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AR OWNERS bothered with car-radio

vibrator replacement from time to time
can try this transistorized plug-in substi-
tute. Although it costs about $8 to build—
somewhat more than a replacement vibra-
tor—the unit will probably outlive the car
and give years of service free from annoy-
ing vibrator buzz. It will work with any
6- or 12-volt automobile electrical system
that has a negative ground.

Less than ten standard parts are needed
to build the vibrator substitute. One of the
parts, the transformer, necds a bit of un-
winding, but this is easily done.

Construction. Since the parts used in
the vibrator substitute, mainly transistors
@1 and Q2 and transformer 71, take up a
little more room than the vibrator they re-
place, the unit is housed separately in a
4" x 4" x 2" aluminum chassis box. Mount
@1 and @2 on one of the box’s cover plates
after carefully scraping the surface of the
plate in that area; the scraped surface will
make a good heat sink for the transistors
and provide electrical contact for their col-
lectors.

Transformer 71 has two windings—a pri-
mary and a center-tapped secondary; only
the secondary—the outermost winding—
need be unwound. Note that the primary
is color-coded with a red and a blue lead;
the secondary is color-coded with a yellow
and a green lcad, and the black lead is the
secondary’s center-tap. The secondary ac-
tually comprises two separate coils, one
using a light-color enamcled wire and the
other a darker enamel, wound side-by-side.

Remove T1’s metal frame, and push the
coil off the laminated core, being careful
not to damage the coil. Now slowly take
off the outer layers of insulation until the
outermost winding is reached. Disconnect
only the light enameled wire from the black
lead, and start unwinding it together with
the dark enameled wire which is connected
to the yellow lead. Remove 60 turns of
each for 6-volt cars, or 90 turns for 12-volt
cars. Be careful not to break any of the
other leads or transformer windings.

After unwinding the proper number of
turns, leave about four inches of each color
enameled wire for leads. Fasten down the
leads with plastic tape and reassemble the
transformer. Hook up the new light and
dark enameled leads and the rest of the
color-coded leads as shown.

Wire up the four-prong vibrator adapter
plug (P7) to the cireuit using a couple of
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Build a
Vibrator
Substitute

Transistorized unit features
long life and noise-free operation

By PATRICK A. GAINER

oo PARTS LISTw

Pl1—Four-prong plug {Amphenol 86-PM4 or equiv-
alent)

Ql. Q2—2N256 transistor (for 12-volt cars) or
2N677 transistor (for 6-volt cars)

R1, R3—220-ohm, l-watt resistor

R2, R4—10-okm, 1-watt resistor

Tl —Feedback transformer (Stancor TA-16—see
text)

1—4" x 4" x 2" aluminum chassis box (Bud AU-
1083 or equivalent)

Misc.-——Hardware, transistor sockets, terminal
lug, etc.

s HOW 1T WORKS s

The vibrator substitute accomplishes electrically
what the vibrator does mechanically by generating
an output similar to the output of the vibrator.
Transistors Q1 and (2 are connected in a push-pulil
oscillator circuit with transformer 71 providing feed-
back at the proper voltage and phasing to sustain
oscillation; resistors R1, R2, R3. and R4 maintain
the correct basc bias for Q7 and Q2.

POPULAR ELECTRONICS
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feet of wire for each lead. Now tape the leads together
to iorm a cable.

Operation. Mount the vibrator substitute near the radio
in a cool place under the dash, then plug the unit into the
vibrator socket and switch on the radio. If you don’t hear a
faint buzz from transformer T1, check all wiring and the
radio’s fuse. If the buzz is too loud, T1’s laminations are
probably loose.

If the radio is turned off for a few seconds and then on
again, the starting load may be great enough to prevent
oscillation. In this case, just leave the radio off for about
15 seconds until the tube filaments have had a chance to

cool. 30—
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Resistive?

Inductive?

In all of electricity and elecironics, there are only . _
three basic properties: resistance, inductance, and .r o
capacitance. These properties, or combinations of or capac.tlve?
them, can give us complete control over current, volt-
age, phase, and power in any electric circuit.

Since resistive, inductive, and capacitive circuits
operate on entirely different principles, each type of
circuit has o distinctive character of its own. Buf re-

gardless of where or how these three basic proper- By

ties are used, they retain their individual character-

istics. From the descriptions of their behavior given ROBERT P. BALIN
below, can you identify the type of circuit referred

to? S

Circle R if you think the circuit is resistive; L, if
inductive; ond C, if copacitive. Answers will be
found on page 127.

1 Electrical energy can remain stored in this type of circuit even after the
source of energy is removed R L C
2 The current in this type of circuit is always in phase with the source of voltage R L C
3 Arcing is likely to occur between the contacts when this circuit is opened R L C
4 Electrical energy is stored in the magnetic fields found in this type of circuit R L C
5 This circuit tries to keep its voltages constant R L C
6 The flywheel effect is characteristic of this type of circuit R L C
7 Electrostatic fields are used in this circuit R L C
8 This type of circuit always has unity power factor R L C
9 This circuit acts almost like a short circuit to a.c. voltages R L C
10 Voltage across this circuit builds up to a high potential instantaneously when
the circuit is opened R L C
11 If the frequency of the source voltage for this circuit is increased, the current
goes down R L C
12 The current in this circuit leads the source voltage R L C
13  This type of circuit can act almost like an open circuit at the instant that
power is applied R L C
14 No electrical energy is stored in this type of circuit at any time R L C
15 Because of the surge currents in this circuit, its fuse may blow when power
is applied R L C
16 Conductor or component insulation may be damaged when power is removed
from this circuit R L C
17 This type of circuit tries to keep its current constant R L C
18 Current never actually flows through this type of circuit R L C
19 In this circuit the current remains the same regardless of changes in the fre-
quency of the source voltage R L C
20 This type of circuit has a lagging power factor R L C
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the
transformeyxy

a fundamental coupling device,

the transformer is one of electronics’

most capable magicians—here’s what’s behind
its electrical sleight-of-hand and how

it performs its multitude of valuable tricks

by ken gilmore
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what the
transformeyx
does ‘

[
1 N 3

T he electrical power that makes your light bulbs
\ glow, runs your refrigerator, and operates your
i hi-fi set comes into.your home at a potential of
' about 115 volts. Yet if you were to climb the utility
pole outside and measure the voltage there, it could
4  turn out to be as high as 6000 volts. If you kept
on climbing poles at other'places around town, you
N might find voltages as high as 120,000 volts!

Even in your home, some appliances—air condi--
tioners, clothes dryers, electric ranges, and other
heavy-duty equipment—may operate at 230 volts
instead of the usual 115 volts. And if you probe
into your television set, you’ll find an even wider
voltage range. For although your TV draws its

“power from the wall plug—and power there is at
115 volts—your set has the ability to change this
voltage into a number of different values, so that
each tube and circuit can operate under the exact
conditions it likes best. Consequently, in some -
places, you will find values as low as one or two
" volts; in others, values as high as 15 or 20 thousand
[ volts, N

Electric power, one of our most useful servants,_
becomes tremendously more useful when we can
change it at will to dozens, or even hundreds, of
different voltages. Fortunately, we can make these
changes easily and economically with a device

~ known as the transformer.

Transformers are all around us. One—the gadget
about the size of a large garbage can hanging near
the top of utility’ poles—changes the 6000-volt
transmission-line power into the 115 and 230 volts

S you need. Another—this one about as big as a
flashlight—takes 6 or 12 volts from your car’s bat-
tery, and changes it into the 10,000 or more volts
needed to’fire your spark plugs. Still another—a
square can a little bigger than your fist—channels
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high-fidelity electrical signals into the speakers of
your hi-fi set.

We’ll talk more about these special applications
—and others like them—a little later. Right now,
let’s get down to the business of seeing just how a
transformer goes about performing this valuable
electrical sleight-of-hand—changing one voltage
into another.

| " how the
transformer
o works

-

W hen an electric current flows in a wire, a weak Y
magnetic field is set up around it. If we twist the ) !

- . - Y :
wire mtcf a f:ml,.the weak field around each turn \_/ : [LFC_..TRO "
of the wire is reinforced by the fields around the q Frow
other turns; the result is a.much str?nger field. . WERK MAGNETIC

If an a.c. current flows in the coil, the magnetic : FIELD
field builds as the current flows in one direction;

dies down, or decays, as the current returns to zero; ( = /; NN
then builds in the opposite polarity as the current )

"flows in the other direction. You can think of the STRoNG
building and decaying magnetic field as a pulsing, T "’}*,'Q’S"
invisible force, expanding and contracting as the SO e B )
current reverses its direction of flow. As the field ==

builds and decays, the magnetic flux lines, (the
circular lines in the diagram) cut back and forth
through the coil. Ty
Now suppose we put another coil of wire next .
to and in line with the first, although not actually ,
touching it. As the magnetic field expands and @' e
contracts, the flux lines will cut back and forth w T
through the second coil as well as through the first '
one, and a voltage will be induced in the second
coil. This is called “mutual induction,” and is the AC.
basis of all transformer action. Because of this VorT#see
property, a simple transformer can be made—and INPUT
many are—simply by placing two coils of wire -
October, 1960 !
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close together and applying an alternating current
to one of them,

/ The main value of a transformer lies in the fact
that the ratio of the voltages in the two coils can be
controlled by the number of turns of wire in each.
To put it another way, if the secondary (the coil
into which voltage is induced) has ten times as
many turns of wire as the primary (the coil across
which the original voltage is applied), then the sec-

v ondary voltage will be ten times the primary volt-
age. In such a case we have a step-up transformer.
On the other hand, if the secondary has only one-
tenth as many turns as the primary, the secondary
voltage will be one-tenth the primary voltage, and
we have a step-down transformer.

P

efficiency

In the above calculations, we have asslimed that

X /o= ||V, all magnetic lines of flux, as they expand and con-

tract, cut all turns of the transformer. The mag-
netic coupling in such a case would be 100%. Of
course, in practical transformers a' few lines of
force manage to stray outside the useful area. But
by. careful design, engineers are able to produce
transformers with efficiencies of 80%, 90%, and
even more. In fact, for the purposes of most calcu-
lations, transformer efficiency can be considered
to be virtually 100%.

voltage vs. current

5

~ Even though we can get a higher voltage from a

transformer than we put into it, the transformer is
not capable of creating power. What we gain in
voltage, we lose in current. On the other hand, if
we step down the voltage, we get more current,

If the current flowing in the primary of the step-
up transformer in the diagram above is 5 amperes
and the voltage 110 volts, the power consumed in
the primary is 550 watts. Since the output voltage
is 1100"volts, or ten times as much, we would have

POPULAR ELECTRONICS



available only one-tenth the current, or 0.5 ampere.
Thus, even though we can juggle voltages and cur-
ents at will, the output power is 550 watts—the
same as the primary input. (Actually, the output
power would be slightly less than 550 watts, due to
the small losses in efficiency mentioned earlier.)

iron cores
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So far, we have described a transformer as two
coils of wire, placed close together along a common
axis. Although some transformers are actually built
this way, most use other types of construction. In-
stead of being placed side by side, the two coils are
usually arranged with one coil inside the other;
this gives much closer and more efficient magnetic
coupling.

For use at low frequencies, designers wind the
two coils around a common iron core. Since iron is
a much more efficient conductor than air, the mag-
netic field built up is much stronger. That is, almost
all the magnetic lines of force developed by the
primary winding are gathered up by the iron core
and shaped so that almost all cut through the sec-
ondary winding. Therefore the efficiency of the
transformer is greatly increased.

The diagrams at left show the three principal
types of iron-core transformers. First is the open-
core transformer which, while possible, is never
used because of its relative inefficiency—a large
part of the magnetic field would still have to be in
air, rather than in iron. Th/e closed-core transform-
er is considerably more efficient; and the shell core
transformer is most efficient of all. The shell-core
type has another advantage: since the flux path is
almost entirely contained in the iron core, it is less
subject to disturbances by external magnetic fields
than other types, and it doesn’t disturb other near-
by circuits as much.
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- transformey

Thhe first transformer ever made was simply an
iron ring with two 2-layer coils of wire wrapped
around it. Its inventor was Michael Faraday,\ the
great English electrical pioneer. He discovered
electromagnetic or mutual, induction—the princi-
_Ple upon which the transformer works—in
1831. When he connected his primitive iron-
« ring transformer as shown, the galvanometer
needle jumped as the switch was closed.,

Although Faraday’s device was a true
transformer, its losses were high. Today’s
modern, refined transformers have assumed
a wide variety of sizes, shapes, and charac-
teristics as engineers have attempted to min-
imize the losses that are a part of every '

"y transformer’s operation. )

'Transformer losses come from ‘many different >
sources. First, not every magnetic flux line cuts
the secondary—some simply travel out into space,
consuming energy from the primary, but doing no INNER y
ruseful work. This loss is called Aux leakage. De- 7

| signers minimize it by careful physical arrange-
ment of the coils and core. Sometimes the primary
.» is wound on' the core first, then the secondary
appliéd on top. At other times the secondary is
split into two layers with the primary in between.

' ) { - ZAMIA{;;:';S .\li,'[l‘
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- copper losses

/

The so-called copper losses are caused by the
electrical resistance of the transformer windings.
Although copper is a good conductor, it has ameas-
urable resistance, as does any conductor. When
current flows through this resistance, heating takes
place and power is wasted. “As a result, almost any
transformer will feel warm to the touch when
operating normally, and some are actually hot.

core losses

Since the iron core itself, as well as the coils, is
cut by the expanding and contracting magnetic
field, a current is induced here, too. As this eddy
current flows in the core, it steals energy from the
primary circuit and dissipates it as useless heat. ( £Lux
The eddy current flows at right angles to the mag- (—ﬁé_e—ﬁ
netic flux. It can be reduced by substituting several 7 ?f e
thin layers of iron for the solid core. These thin
layers—laminations—are separated by layers of Al
glue which electrically insulate the laminations ' b <3/
from each other. In practice, a small eddy current £Doy CorRENTS
is set up separately in each lamination, but the total - . .
loss is much less than for a solid-core transformer.
Still another core loss is caused by the alter-
nating current itself. Since this current reverses
_its direction 120 times a second, the iron core—in
effect, an electromagnet—must continually reverse
its polarity. And since the minute magnetic ele-
ments in the core tend to resist this change, power
must be expended to realign them. This is called
hysteresis loss. Engineers reduce it by building
transformer cores of steels which change magnetic ,
polarity with comparative ease, so that less power
is consumed in making the switch.

\
[ 3 . =
: miscellaneous losses
3

Since the turns of wire in a transformer are close
together, there is some distributed capacitance
between the turns, between different layers of
windings and between separate windings. This
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higher and higher

capacitance, though small, is cumulative! Like a
small capacitor connected across the transformer,
it shorts out some.of the voltage developed across
the windings. At low frequencies (the usual 60*cps
of house current, for exémple) this loss is unimpor-
tant, but at higher frequencies engineers must go to
great lengths to minimize it,

‘Another small loss is caused by the imperfection
of transforrher insulation. A small leakage current
will flow through almost any insulator, and thus
absorb some of the transformer’s power. This is

|

- known as dielectric loss.

Then, too, parti.cularly’ at hi'gh frequencies, a
transformer can begin to act as a small but efficient
radio transmitter, and actually radiate power like
a broadcast antenna. This is called transmission
loss, ) | ! y i

Most of these losses, under normal conditions,
are minor, but at times they become serious. For
example, eddy current losses are small at power-
line frequeﬁcies, but at the high end of the audio
spectrum—say around 20,000 cps—they become
significant. This means that a poorly designed
transformer in the output stage of a hi-fi amplifier
will operate much less efficiently at 20,000 cps than
at 1000 cps; the result is poor frequency response.

To minimize eddy currents designers specify
thinner laminations. Where laminations 20 to 25
thousandths of an inch thick are used in power
transformers designed to work at 60 cps, audio
transformers rarely have laminations thicker than
10 or 15 thousandths of an inch. For really good
hi-fi reproduction, lamination thicknesses may
range from ten thousandths of an inch all the way

down to only one thousandth of an inch.
1
Al

1

frequencies

74

,

As frequencies go still higher, even one thou-
sandth of an inch is too much, and eddy current
losses become excessive. Consequently, r.f. trans-
formers'fi'equently have cores made of minute
grains of iron suspended in an insulating material
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and compressed under high pressure into a solid
mass. Since the grains are insulated from each
other, they break up the eddy current path and
help reduce' eddy current losses.

As might be expected, the size of the iron gran-

s ules becomes important as the frequency increases,

since at high frequencies eddy currents. are even
set up within the individual granules. Granules sev-
eral thousandths of an inch thick are satisfactory
below 100,000 cps, but as the frequency goes higher
the particles cannot be larger than several mil-
lionths of an inch thick.

A new type of magnetic core made of iron ferrite
has recently allowed designers to build iron-core
transformers to operate at frequencies higher than
ever before. These ferrites—varieties of iron oxide,
or rust—are valuable because they have magnetic
_properties, and yet are 1nsulators and do not con-
duct current. Because of the unusual construction
of these transformers, no eddy currents form.

If you have bought‘an ultra-portable radio re-
cently, you are benefiting from ferrite-improved
transformers. Miniature radios of even a few years
ago had loop antennas at least 8 to 101nches long
and almost as high to collect enough signal to oper-
ate. Now ferrite-core antennas, far more efficient
because of their magnetic core but not susceptible
to eddy current ills, can be built as small as a
short pencil. As a result, portable radios can now
be produced smaller than they have ever been pro-
duced before.

In many applications, particularly for very high
frequencies, air-core transformers are used. The
coils are wound on a non-magnetic form such as
Bakelite or polystyrene. The coils may be con-
centric, or end to end. Frequently one is movable,
so that the degree of coupling between them is ad-
justable.

One of the biggest problems in high-frequency
transformer design, particularly where multiple
layers of winding are involved, is stray capacitance.
If a regular winding were used, with adjacent lay-
ers lying parallel to each other, this capacitance
could become intolerable. Consequently, layers are
frequently spiraled back and forth as in the trans-
former shown in the drawing at right. This makes
adjacent layers cross each other almost at right
angles instead of being parallel, and stray capaci-
tance is materially lowered as a result. :
October, 1960
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T he transformer invented in the 1830’s wasn’t put
to work outside the laboratory until 1885 when
William Stanley, an engineer who worked for
George Westinghouse, designed and tested a trans-
former power-distribution system. He used a 500-
volt generator and fed the power directly into a
4000-foot transmission line. A transformer to step
down the voltage to 100 volts was used at the other
end of the line. -

Westinghouse wasted no time in putting Stan-
ley’s superior transmission system into operation.

That same year he built the first plant especially -
" designed for transformer power distribution in

Buffalo, N. Y. It went into use on November 30,
1886. His generator produced a 1000-volt, 133-cps
output which was fed directly into the transmis-

sion line, and stepped down at the customer’s home. -

In spite of its obvious superiority, however,
high-voltage transmission with transformers did
not gain immediate acceptance. Thomas Edison,
for one, was violently opposed to a.c. power, and he
used his tremendous prestige to gain support for

his own d.c. system! Consequently, it was not until

many years later—after the turn of the century—
that high-voltage a.c. power distribution became
common. Even today there are a few places—some
areas of New York City, for example—still receiv-
ing Edison’s legacy of d.c. power.

But giant power transformers and their complex
distribution stations now dot the landscape all over
the country. The one shown on the next page, one
of the largest ever built, can handle enough electric
power for a city of 500,000 inhabitants.

-~ POPULAR ELECTRONICS



power distribution

Why use transformers for power distribution?
The efficiency of transmissicn is tremendously in-
creased by stepping up the voltage to as much as
several hundred thousand volts. Also, a given size
of wire can carry far more power at high voltage
than low, saving money in transmission costs. Let’s
see why.

As an example, let’s take a transmission line of
No, 1 wire 10 miles long—that’s a conductor about
the size of your little finger. The resistance of one
such wire 10 miles long is about 7 ohms. (Actually,
the resistance of each wire in the transmission pair
is 7 ohms but for the sake of illustration let’s con-
sider just one.) Now let’s say that we transmit a
current of 120 amperes at 120,000 volts (a common
transmission-line voltage) over the 10 miles. The
total power fed into the line at the generating sta-
tion is 14,400,000 volt-amperes.

With 120 amperes flowing in the 7-ohm line, the
voltage drop over the ten miles will be 840 volts.
Thus, the output voltage will be 119,160 volts; 120
amperes at 119,160 volts gives a 14,299,200 volt-
ampere output. Algng the line we have lost 100,800

October, 1960
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volt-amperes, “dissipated by the resistance of the
transmission line. This seems like a lot of power,
but if we figure it ini terms of percentage, the loss
amounts to a negligible 0.7% of the total fed into
the line. |

Now let’s see what happens if the supply voltage
is reduced to only 12,000 volts. The power input is
now 1,440,000 volt-amperes. We will assume that
the transmission line is still carrying 120 amps—
its maximum load under any conditions. Since the
current and resistance are the same, the voltage
drop over the 10 miles will also be the same—840
volts. The loss in the transmission line will'still be
100,800 volt-amperes, but now this represents a
whopping 7% of the total fed mto the transmission
line.

Obviously, the high-voltage transmission is far
more efficient. As also demonstrated in this ex-
ample, the transmission line can carry far more
power under high-voltage conditions. For these
reasons, all transmission lines operate at higher
voltages than those delivered to your electric meter
by the power companies.

At Niagara Falls, N. Y., for example, hydroelec- '

tric generators produce power at 6000 volts. It is
 immediately stepped up by transformers to 120,000
"volts and fed to long-distance transmission lines.
At various points it is stepped back down to 6000
volts for distribution over local areas, then stepped
down once again to 230 and 115 volts for home use.

~

power transformers

'
A

Although a power-distribution transformer is
more spectacular, you're much more likely to be
familiar with the ordinary power transformer used
in radios, amplifiers, and TV sets. Such devices
have a primary winding and usually several sec-
ondary windings to meet the various voltage and
current requirements of a receiver or amplifier;
a drawing of a typical power transformer is
shown at right, above. The primary is usually
designed for 115 volts; the high-voltage secondary
may produce anywhere from 250 to as high as 600
or 700 volts (higher for some purposes). The other

78
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secondaries, usually rated at 5.0 and 6.3 volts, are
for tube filaments.

Power transformers are available with a wide
variety of windings and current capabilities. They
may have four, five, six, or even more windings,
each rated at a different voltage for some specific
purpose. The high-voltage winding of a light-duty
power transformer may be capable of producing
perhaps only 30 or 40 ma., while a heavy-duty unit
may turn out 300, 400, or even 500 ma. Transformers
for high-power transmitters produce voltages and
currents far in excess of these values, but for such
applications separate transformers are generally
used for high-voltage and filament supplies.

audio
transformers

So far, all the transformers we have talked about
in detail are designed for use in power circuits
which operate at 60 cps. But transformers can op-
erate on a wide variety of frequencies—every audio
amplifier uses at least one transformer of this sort,
and many include several such transformers.

Although the same basic principles of step-up
and step-down are used in audio transformers, this
is usually of secondary importance to the trans-
former’s ability to serve as an impedance-matching
device. Take, for example, an input transformer.
Here it may be necessary to match a phoncgraph
pickup, a microphone, or other input source of as
little as 200 or 300 ohms (even less, in some cases)
to a grid circuit of as much as several hundred
thousand ohms. If the pickup or microphone were
connected directly to the grid, a serious mismatch
would occur, which would not only reduce the effi-
ciency of the circuit but upset fre-
quency response as well. The input
transformer matches the components
so that each operates properly.

The interstage transformer is an-
other variety of the audio transformer
and performs much the same kind of
job: matching the output tube—sev-
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'
eral thousand ohms—to a grid circuit of a much
higher impedance. :

P A third variety is the output trans-
TRANs FPRMER  former, whose main task is again im-
g:oo-’l- pedance-rr}atching. The plate circuit

of the output tubes may have an im-
pedance of many thousands of ohms,
while most loudspeakers are 4, 8, or
4a’ 16 ohms. To accommodate various
tube-speaker combinations, most out-
put transformers have a series of
“taps” on the secondary winding, and
perhaps on the primary as well, so that windings of
the proper impedance can be selected. Only the
part of the transformer windings actually used (in
the diagram, the portion between the first and sec-
ond terminals) affects the circuit’s impedance
values. One form of output transformer—known as
a “universal” type—is so designed that it is capable
of matching virtually any possible tube and speaker
combination. :

1bn.
8n.

better and better design

80

i
+

Great progress has been made recently in audio-
transformer design. Just a few years ago it was
difficult to get a transformer with any appreciable
output above, say, 10,000 to 15,000 cps. Today, trans-
formers with flat outputs up to 20,000 cps.are com-
mon, while units flat to 50,000 or even 100,000 cps
are available. , o

Tremendous problems had to be overcome to pro-
duce today’s outstanding transformers. In addition
to the losses mentioned ear}ier, a transformer has
inductive reactance which varies according to fre-
quency (remember that a transformer is also a coil).
At frequencies of 100 and 1000 cps, the inductive
reactance of the primary will be 10 and 100 times,
respectively, its value at 10 cps. The inductive
reactance appears to the output tube’s plate as a
load resistance, and thus various amounts of am-
plification take place at various frequencies. As a
result, the gain of the amplifier is about two-and-a-
half times higher at 200 cps than at 10 cps. At 3000
cps it would be three times higher. At still higher

POPULAR ELECTRONICS



frequencies, distributed capacitance becomes an
important factor, and gains fall off rapidly.

Engineers go to great lengths to compensate for
these effects; by means of special core materials,
unique coil designs, special wrapping patterns, in-
terlaced layers, and other techniques, they have
produced a variety of audio transformers with un-
believably even response over an extremely wide
range of frequencies,

¥ .f. circuits -

As mentioned earlier, transformers are also wide-

ly used in r.f. circuits. Even the simplest five-tube -

a.c-d.c. radio will usually have as many as four
transformers, in addition to its audio output trans-
former. A typical radio, for example, might have
an antenna coil (actually a small transformer which
couples the antenna’s output into the grid of the
first amplifying tube), an oscillator coil (a trans-
former which supplies feedback for the oscillator),
and two i.f. transformers which couple the various
stages. 1

These transformers are likely to-be air, pow-
dered-iron, or ferrite-core transformers, since a
regular iron core would cause intolerable eddy-
current losses. The windings will also probably be
of a special spiral design calculated to minimize
capacitance effect.

special-purpose
transformers

Although the transformers we have been discuss-
ing make up the bulk of those used, there are many
other types, all of which perform their useful,
specialized jobs.

The autotransformer, for example, uses only one
winding instead of two, but accomplishes an effect
similar to that of a regular transformer. If the
whole coil is used as the primary and only a por-
tion as the secondary, then it is a step-down unit.
Hooked in reverse, it is a step-up device. This
transformer, of course, cannot be used in circuits
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which must be electrically isolated from each
other. But it serves very well in your automobile
where it draws current from the 6- or 12-volt bat-
tery or generator and puts out the 10,000 or more
volts needed to fire your spark plugs.

While we’re on the subject of your automobile,
let’s take a look at the car radio which uses another
kind of specialized device, the vibrator transform-
er. This device effectively “transforms” d.c. As the
vibrator element moves back and forth touching
each contact in turn, current flows through each
half of the primary alternately, with each pulse
going in a different direction. With the proper
turns ratio, the output from the original 6- or 12-
volt d.c. source can be as much as several hundred
volts a.c.

Photoflash transformers, used to operate photog-
rapher’s electronic flash or “strobe” units, are also
vibrator-operated. They can take the vibrator-in-
terrupted output from a 1%4-volt battery and turn it,
into several thousand volts a.c.

Pulse transformers are used primarily in radar.
They range from tiny units (several of which can fit
in a thimble) that put out a few millionths of a watt
to huge, multi-ton giants that transmit powerful

million-watt pulses. These transformers are de- ,

signed to step up odd-shaped waveforms without
changing the waveshape. r

One of the newest types—transistor transformers
—are similar to those used in regular r.f. and a.f.
circuits except that their impedances and voltage
ratings are calculated to match the operating 're-
quirements of transistors. Some of these units, by
the way, can fit in a cube three-eighths of an inch
square, and they weigh only a fraction of an ounce.

Thus, through the ingenuity of the design, engi-
neer, the transformer—though always operating on
the same simple principle discovered by Faraday—
can be adapted to perform hundreds of useful and
important services. g
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Test
Instruments

The Wheatstone /

By G. H. HARRISON

HEN a chemist or pharmacist wants to

measure chemicals to the highest pos-
sible degree of accuracy. he uses his deli-
cate balance scale to weigh each ingredient.
For rough work, the ordinary spring scale
will do. But for precision, there is no sub-
stitute for the balance.

In electronics, an ordinary volt-ohm-
milliammeter is good enough for most
work. Like the spring scale, it is reason-
ably accurate. But when the scientist or
engincer must measure resistance, capaci-
tance, or inductance with the utmost ac-
curacy, he—like the chemist—turns to the
balance. The electronic balance he uses is
known as ‘“the bridge.”

How the Bridge Works. As might be
expected, the bridge does its job by care-
fully balancing an unknown resistor against
a known one, an unknown capacitor against
a known one, and so on. Its accuracy is
limited only by the component which it
uses as a standard: and thus extremely
precise measurements are possible.,

October, 1960

The bridge is even relatively independent
of the inaccuracies of the meter used to in-
dicate when the bridge is ““in balance.” The
meter acts only as a null detector, indicat-
ing when no current is flowing. Its inac-
curacics, therefore, whatever they may be,
do not appreciably affect the actual meas-
urement.

Although there are dozens or perhaps
scores of variations on the basic bridge
circuit, they all spring from the original
Wheatstone bridge, devised by S. H. Chris-
tie in 1833 and first used by Sir Charles
Wheatstone in 1847, The basic Wheatstone
circuit, still the most accurate means of
measuring resistance known to modern sci-
ence, is shown in Fig. 1.

Let’s assume that the battery supplying
current to the bridge is 12 volts, R1 is 40
ohms, R2 is 80 ohms, and that Rs is a vari-
able resistor. Indicator G1 is a center-read-
ing galvanometer; with no current flowing,
its needle will come to rest in the center
of the scale. Current of one polarity causes
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Fig. 1.

Fig. 2.
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Fig. 4.

it to move to the right; the opposite polar-
ity, to the left.

Measuring Resistance. Now, with the
constants as given above, let’s connect an
unknown resistor (Rx) across the test
terminals BP1 and BP2 and find its resist-
ance. When switch 81 is closed, the gal-
vanometer needle swings off center. We
adjust Rs until it again reads zero. This
means that no current is flowing through
the galvanometer in either direction. Since
no current is flowing through G1, the volt-
age at point A must equal the voltage at
point C. Resistor Rs—which is calibrated
—reads 100 ohms. With the information
we now have about the circuit, let's calcu-
late the value of Rx. As you might guess,
we'll call on Ohm'’s law.

The voltage from point B to point D is
12 volts, and the sum of R1 and R2 is 120
ohms. Since I = E/R, the current through
this leg of the circuit (R1 + R2) is 100 ma.
Going one step further, the voltage drop
across R1 can now be calculated: E = IR =
0.1 X 40 =4 volts. The drop across R2 is:
E=0.1X80=8 valts.

Since point C is 8 volts positive with re-
spect to point D, and since the bridge is
balanced, point A must also be 8 volts posi-
tive with respect to point D. Thus, the
current through Rs must be: I=E/R=
8/100 = 80 ma.

Since Rs and Rx are in series, the cur-
rent through Rz is also 80 ma., and its volt-
age drop is 4 volts. Its resistance, then, is:
R = E/1 = 4/0.08 = 50 ohms.

As Ohm'’s law shows in this example, the
ratio of the voltage drops across Rx and
Rs must equal the ratio of the drops across
R1 and R2. We can express this relation-
ship as: Ex/Es = E1/E2; or IRx/IRs = IR1/
IR2; or, cancelling, Rx/Rs = R1/R2.

Transposing algebraically gives the for-
mula most widely used for calculating the
value of the unknown resistor: Rz = (Rs X
R1)/Re.

In most practical bridges, calculations
are frequently simplified even further by
the careful selection of BR1 and R2. For
example, if B! and R2 are equal—say, each
is 100 ohms—then Rs and Rx will be equal
when the bridge is balanced. The value of
Rx will equal the dial reading of Rs. If RI
is 100 ohms and R2 is 50 ohms, then Rx will
be twice the Rs dial reading, and so on.

Measuring Capacitance. We have con-
sidered only d.c. bridges so far, but in prac-
tice many bridges use alternating current.

POPULAR ELECTRONICS



Capacitance, for example, is measured with
an a.c. bridge; the basic circuit, shown in
Fig. 2, uses the same principle as the basic
Wheatstone bridge. The ratio of the react-
ance of Cx to Cs must equal the ratio of the
resistance of R1 to R2. To put it mathe-
matically: Reactance Cx /Reactance Cs =
R1/R2. Since Reactance Cx/Reactance Cs
= Cx/Cs, then Cx/Cs= R1/R2, or Cx = (Cs
X R1)/ R2.

Incidentally, the headphones shown in
this circuit are frequently used in a.c.
bridge circuits as null detectors. If the
frequency of the a.c. supply voltage is be-
tween 500 and 5000 cps, where the human
car is most sensitive, then the hridge can
be very accurately balanced by simply
tuning until the tone has completely dis-
appeared.

When working with very low voltages,
an amplifier is sometimes used in conjunc-
tion with the headphones or loudspeaker as
a null indicator. At higher frequencies, an
oscilloscope, vacuum-tube voltmeter, a
wave analyzer, or an ordinary radio receiv-
er can be used. Actually, any circuit or in-
strument which will accurately detect a
null meets the requirements.

Some a.c. bridges are constructed with
R2, rather than Cs, as the variable compo-
nent, but the principle is the same. Once
the bridge is balanced, the ratio R1:R2 is
noted, and the ratio Cx:Cs will be the same.
To put it another way, with the formula
Cx = (Cs X R1)/R2, the unknown can al-
ways be calculated, no matter which ele-
ment is varied to balance the bridge.

In practice, the unknown capacitor will
not be purely capacitive, but will contain
some resistance as well. Even though the
value of resistance will be low, it can affect
the accuracy of the reading. Conscquently,
this resistive component (Rex) is usually
balanced out with a small variable resistor
(Rcs) in series with Cs (Fig. 3).

In most conventional capacitor bridges,
this circuit usually appears as the Scher-
ing bridge (Fig. 4). Here, the resistance of
Cx (Rcx) is cancelled out by adjusting
C2. The adjustable capacitor, Cs, is cali-
brated directly in microfarads or micro-
microfarads, depending on circuit con-
stants.

Measuring Inductance. Inductance can
be measured on another a.c. variation of
the Wheatstone bridge (Fig. 5). This cir-
cuit, however, is seldom used because of
the difficulty and expense of manufacturing
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high-quality accurately-calibrated variable
inductors.

Instead, most commercial induction
bridges use either the Maxwell bridge (Fig.
6), or the Hay bridge (Fig. 7). In both cir-
cuits the inductive reactance of the un-
known inductance Lz is balanced against

(Continued on page 126)
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On the (ZiiEL=1sk

By TOM KNEITEL, 2W1965

MONG the new equipment making news

in CB circles, perhaps the most talked

about is the Philmore “station” consisting

of the CT-1 transmitter kit, CC-1 converter
kit, and CPA-1/CPM-1 power supply.

The CT-1 transmitter is a six-channel job
which, although tiny (3” high, 9” wide, 8"
deep), weighs seven pounds and has a lot
of hair on its chest. It features a 6CX8 in
the final, a 12AX7 mike preamp and driver,
and a 6AQ5A modulator. It has a pi output
network to match any antenna, and it's
fully neutralized to squelch parasitics. The
CT-1 also boasts a push-to-talk switch and
a panel meter which instantly indicates

plate input power in watts or relative out-
put and modulation.

The CC-1 converter will hook into any
receiver, mobile or base. If you want to use
it with a receiver that already tunes the
11-meter band, you can change the CC-1 to
a preamplifier and add two more r.f. stages
to your receiver by mercly removing the
crystal from the converter.

The transistorized mobile and base power
supplies deliver 300 volts d.c. at 100 ma.,
choke-filtered.

Abuses of the CB Service seem to be
growing as the Service itself grows. A
number of areas are suffering from “VFO
artists,” poor sports with variable frequen-
cy oscillators. They seem to get a kick out
of jamming CB communications by run-
ning their carrier back and forth across
the band.

There is also a varied assortment of wise-
crackers without call letters who like to
add their own insipid comments to every-

86

one else’s conversations. And then there
are the guys with the itchy mike fingers—
they seem so anxious to get on the air that
—before they get their license—they either
swipe someone else’s call or make up their
own.

Needless to say, such operations are
against federal laws, and the violators are
subject to appropriate governmental action
when they are caught.

Ancther new entry in the CB equipment
field, going along with the component, or
“modular,” theory of putting together a
station made up of separate units, is
Browning Laboratories’ R-2700 receiver.

This rig has a dual-conversion circuit
with 0.2-microvolt sensitivity. In addition
to being tunable, the R-2700 has five crystal
positions and gives adjacent-channel selec-
tivity better than —40 db. Other features

include a noise limiter, an “S” meter,
squelch, a.v.c., and 55 db image rejection.
We're waiting for news of the T-2700,
companion transmitter to the R-2700.
Wrist-watch CB is on the way—the
Longines-Wittnauer Watch Company re-
cently received U. S. Patent No. 2,937,271
for a wrist-watch-housed, CB-activated
alarm device. When the owner’s code sig-
nal is transmitted, a bell inside the watch
rings, letting him know that someone is
trying to reach him. Although the device
is not being manufactured as a separate
item, it will he part of a complete two-way
unit of the future. It measures about 1”
squarc and %" thick. —30-
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:VANTENNA

builds a
Citizens Band

Transceiver Kit

Rugged construction and
quick-disconnect features
make EICO Models 761 and 762
ideal for shared

mobile fixed-station operation

AS MORE AND MORE mobile Citizens Band transceivers hit the air,
the need for ruggedized equipment becomes increasingly apparent.
With mobile operation in mind, EICO (33-00 Northern Blvd,, Long
Island City 1, N. Y.) has released a new Citizens Band transceiver which
meets this requirement. There are three versions, each of which comes in
both kit and factory-wired form.

Two mobile versions, Model 761 and 762, work on 6 and 12 volts respec-
tively, and cach also works on 117 volts a.c. The kits are priced at $69.95,
the factory-wired models at $99.95. A third version, Model 760, operates
only on 117 volts a.c. ($59.95 for the kit, $89.95 for the factory-wired
model). Otherwise, all three versions are identical.

Encased in a steel cabinet and using only solid steel chassis and
brackets, the transceiver is literally built like a battleship. You can
mount either of the mobile versions under the dash of your car quickly
and easily with <he universal mounting bracket supplied, and—if desired
—it can be quickly removed for use in the house.

Circuitry. The transceiver is divided into four basic eircuits as shown
in the block diagram below. In the superheterodyne tuner section, you'll
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AUDIO AMPL. / T
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find an r.f. amplifier, a mixer, two 1750-kc. i.f. amplifiers, a detector and
a noise limiter. A single knob provides for continuous tuning over the
entire Citizens Band (26.965 to 27.255 mc.). Sensitivity is 1 microvolt
for a 10-db signal-to-noise ratio. The audio amplifier section for the
receiver also doubles as a modulator for the transmitter section.

When transmitting, an audio preamplifier stage is added to the modu-
lator circuit to boost the signal from the crystal microphone. Crystal
control is used in the transmitter which consists of an oscillator stage
and a final r.f. amplifier operating at the 5-watt maximum permitted by
the FCC. A variable “pi” network matches the transmitter’s final to
50- and 75-ohm antennas. The power supply uses a pair of silicon diodes
for rectifiers; this keeps cabinet temperature down.

Special Features. The outstanding feature of the transceiver kit
models is the factory-wired and sealed transmitter circuit. With this
much of the work done for you by the manufacturer, you can legally
tune up your antenna system while on the air without an FCC commer-
cial license. However, if you tamper with the seal in any way, this an-
tenna tuning privilege is voided.

Mobile operation in crowded urban areas with their multitude of
man-made noise generators usually makes for unfavorable reception.
The EICO people have licked this problem by incorporating a diode noise
limiter in the transceiver which takes the bite out of the noise. You
won't have dead silence between transmissions but rather a gentle mur-
mur to tell you that the set is alive.

Another small, but thoughtful, design feature is the provision of two
antenna jacks. One is a standard auto antenna jack and the other is a
coax jack which makes for quick connect-disconnect when you change
from mobile to fixed-station operation. Incidentally, no changes are
necessary when you switch from battery operation to house current—
you just unplug the battery and plug in the a.c. power. 30—

The Radar Man

If ever you saw upon the street

A man who walked with dipole feet

With a lagging train of pips behind—

He was a radar man with a micromind. “‘“""@J

-
With microseconds and microwaves

And microvolts, he filled his days; «@(
And thus in the course of passing time \ t

>

His brain had shrunk to a micromind.

His eyes gave out with a neon gleam,

His nose lit up like a radar screen,

His ears worked like an electronic gatse,

And his heart pumped blood at a video rate.

This man obtained, in passing years,
Infinite impedance between his ears.
At last he succumbed to a heavy jolt
When he probed what he thought was a microvolt.

The Doc looked up from his microscope
And said to the nurse, ""Behold this dope!
Since of his brain not a trace can | find,
He was a radar man with a micromind.”

Educated G./.
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Is it light?

No.

Is it electricity?

Not in any known form.
What is it?

I don’t know.

With such scientific frankness did physics
professor Wilhelm Konrad Roentgen relate
his discovery of a mysterious new ray to
a newspaper reporter. Stumbled upon by
accident during a routine laboratory ex-
periment on the night of November 8, 1895,
the new ray was dubbed an “X ray” by
Roentgen. “X,” then as now, was the
mathematical symbol for the unknown.

Much of the “X” has been taken out of
X rays since the modest German physics
professor demonstrated this startling ra-
diation and its power to penetrate tin,

October, 1960

By FRED E. EBEL, W9PXA

Discovered by chance
only 65 years ago,
X rays are one of our most

valuable research tools
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