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;,,, 6 NEW PRODUCTS 

NEWPACO B-12 

REGULATED POWER SUPPLY KIT 

Two instruments In onel A reliable 
source of variable regulated DC plate 
voltage from 0-400 volts at 150 ma, 
plus bias and AC filament voltages 

. with an exclusive 12.6 volt AC 
supply! Maximum stability. Lab -qual- 
ity PACE double -jewelled D'Arsonval 
meters. 
Model B-12 (Kit)..Net Price: $69.95 
Model B12W (Wired) 

Net Price: $99.95 

NEW 
PACO G-15 GRID DIP METER KIT 

Truly, a hand-held electronic "jack- 
of-all-trades"-VFO; Absorption 
Wavemeter; Signal Source; field 
strength indicator, plus an exclusive 
visual/aural 'on -the -air' Modulation 
Indicator. A 'must' for the ham or 
electronic technician who wants 
maximum quality at the lowest pos- 
sible cost. 
Model G-15 (Kit)... Net Price: $31.95 
Model G -15W (Factory -wired) 

Net Price: $49.95 

PACO "Instruments In Kit Form" are pro- 
duced under the auspices of PRECISION 
APPARATUS COMPANY, INC., world- 
famous manufacturer of industrial and 
laboratory electronic test Instruments 
for over a quarter of a century. Write 
for new complete PACO Catalog, 
just off the press. 

NEWPACO T -61C AND T -61F 

SELF-SERVICE TUBE CHECKER KITS 

For the enterprising retailer who 
wants to increase his store traffic 
with this extra service. 2 models: 
Counter (T -61C illus.) and Floor (T - 

61F). 24 tube sockets, 3 simple se- 
lectors. Complete instruction data 
cards make tube -checking a 'snap'. 
Model T -61C (Kit). Net Price: $ 99.95 
Model T -61W (Factory -wired) 

Net Price: $134.95 
Model T-61 F (Kit). Net Price: $124.95 
Model T-61FW (Factory -wired) 

Net Price: $164.95 

NEW PACO 1-1 

HIGH FIDELITY ULTRA -COMPACT 
SPEAKER SYSTEM SEMI -KIT 

A 'bookshelf' speaker system whose 
sound output and small size will 
astound you! So efficient, it assures 
perfect results even with low -pow- 
ered amplifiers. Response, 50-14,000 
cps. Only 151/4" x .91/4" x 81/2". 12 
lbs. Assembly -time -1 hour! 
Model L -1U (Semi -kit) in walnut 

Net Price: $24.95 

P A 

For the kit -builder or experienced 
electronic technician, this complete 
set of precision -built English and 
American -made tools can handle any 
assembly job, large or small. In- 
cludes: diagonal cutters; long -nosed 
pliers; 40 -watt soldering iron; two 

Model TX -6 Net Price: $9.95 

NEWPACO DF -90 

TRANSISTORIZED DEPTH FINDER KIT 

An absolute necessity for protection 
against shoals, and for finding that 
elusive school of fish! Range, 0 to 
120 feet. Large, illuminated dial for 
easy readings. Operates on self-con- 
tained batteries or from ship's power 
source. Completely fungus and mois- 
ture -proof. 
DF -90 (Kit) Net Price $ 8450 
DF -90W (Factory -wired) 

Net Price: $135.50 

SEE THESE KITS AT ALL LEADING 
ELECTRONIC PARTS DISTRIBUTORS 

DO ELECTRONICS CO., INC. 
70-31 84th Street, Glendale 27, L. I., N. Y. 

Kit Division of PRECISION Apparatus Co., Inc. 
a subsidiary of Pacotronics Inc. 



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 learn 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. 

. ii` -r_2, 
. 

KIT 1 Get 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. 

KIT 3 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,selenitin resistors, 

transistors. Build oscillator, check signal 
phase shift with oscilloscope. 

KIT 5 Experiment with tbyratron 
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 
pleasure motor speed. 

KIT 7 Learn effects 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-nlechani- 

cal systems, make valuable practical 
electronic circuits. 
MAIL COUPON-New 64 -Page Cata- 
log pictures 'and describes Training 
Kits, explains what you learn. 

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 set en Technicians are needed 
for every engineer. To meet this de- 
mand NRi announces a complete, com- 
p ehensive course in ELECTRONICS 
-Principles, Practices, Maintenance. 

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

Tisis is the 
P Electronic Age. Electronic 

Equipment is al- 
ready being used ,, to count, weigh, 
control flow of -z 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, miles be- 
neath the surface. Measure radia- 
tion and control power levels in 
atomic installations. Control air 
traffic. Translate one language into 
another. The 11IILITARY applica- 
tions of Electronics ... particularly 
in space rockets and missiles, track- 
ing devices, etc., .. , probably equal 
all of the uses above. 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- _ y 

istics, electro- i rah¡ 
surgery. 

`- 

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 roust 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 course 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 stake Electronics 
easy, simple to learn. 
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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 about NRIs other courses in 
Radio -Television Servicing and Radio - 
Television Communications. Monthly pay- 
ments available. 

NOLDEST A LARGEST STUDY tAD10.TV /CnnGI 

ationa1 ado nstitute 
WASHINGTON 16. D.C., ISTAILISNID 1D14 

MAIL THIS COUPON NOW- 
NATIONAL RADIO INSTITUTE 
Washington 14, D. C. 1BD4A 

Send me 11,11 infnra,nlion witioUl eons or oblige. 
Lion. No salesmen rill call. 
(Please print.) 

Name 

Address 

Age 

City Zone State 
AIIIeoItro HOOTS N,Tlowt MORE STUDS COUNCIL 

POPULAR ELECTRONICS is puhllshed monthly I'S' Zia -Davis Puhltihing Company. William B. %Ur. Chairman .if the n,,nnl (1945. 
1953), at 434 S. Wabash Ave Chicago 5, Ill. Second-class postage paid at Chicago, Illinois. Anlhoriaed by Post OfficeDepartment, 

Ottawa, Canada. ns econd-elms natter. SUBSCRIPTION RATES: One year U.H.an.i p.,nsesei..IO, and Gnada $1.OD: 
Pan.Amerlcan Union Countries $4.50. all other foreign eoUnlri es, $3.00. 
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INFRARED Charles Caringella, W6NJV Science is finding more and more applications for a band of invisible light waves discovered over a hundred years ago 

41 

Electronic Construction Projects 
Infrared Burglar Alarm Charles Caringella, W6NJV 46 
The Flexiformer Clifford G. Schmitt 62 
BC -Band DX Booster Mike Swink, KOVVR 63 
In -Circuit Transistor Tester C. L. Henry 75 Simple 6 -Meter Converter Herb S. Brier, W9EGQ 89 

Audio and High Fidelity 
Hi -Fi Showcase 28 
Mounting Hi -Fi Speakers 54 
On the Grid Sinclair 66 
Hi -Fi Testing (Part 3)-The Square -Wave Generator G. H. Harrison 68 AM/FM Stereo Tuner 78 

Amateur, CB, and SWL 
FCC Report: Answering Services Robert E. Tall 12 
DX'ing on the Bonus Band Torn Kneitel, WPE2AB 55 
On the Citizens Band.. .. Tom Kneitel, 2W1965 73 It's a Ham's World Headquarters Staff, ARRL 79 
Across the Ham Bands: SSB vs. AM Phone Herb S. Brier, W9EGQ 87 
Short -Wave Report: Between the Missions Hank Bennett, W2PNA 90 
Short -Wave Monitor Registration 113 

Electronic Features and New Developments 
Notes from the Editor Oliver P. Ferrell 6 
POP'tronics News Scope 8 Introducing the Laser Ken Gilmore 50 
Vacuum Tube Quiz Robert P. Bolin 59 Tilting Tiros II 60 Transistor Topics Lou Garner 84 
Carl and Jerry: Below the Red John T. Frye, W9EGV 96 

Departments 
Letters from Our Readers 
New Products 
POP'tronics Bookshelf 
Tips and Techniques 

Copyright © 1961 by ZIFF-DAVIS PUBLISHING COMPANY. All rights reserved. 

16 
22 
24 
36 

2 
POPULAR ELECTRONICS 



NEW ,for 61 FROM INTERNATIONAL 

LJLJ 

,HTtNiI 

RECEIVE 

o 

IM}Mwtte~PL 

",.r---" -e . ¡ 

OFF 

17-7 
V/IF 

Aoailable1 

A New "Advanced Engineered" All Transistor, Crystal Controlled Short Wave 

AMATEURS CITIZEN LICENSEES CIVIL AIR PATROL 

Mobilette 61, International's new improved all 
transistor, crystal controlled converter provides a 
"quick and easy" wad to convert your car radio 
for short wave reception. Mobilette 61 units cover 
a specific band of frequencies providing a ONE 
MEGACYCLE tuning range. Mobilette units are 
quickly interchangeable. 

Check these all new features! New and improved 
circuit for increased gain ... New internal jumper 
for positive and negative grounds . . . New RE 
amplifier, mixer/oscillator ... New separate input 
for broadcast and short wave antennas ... Installs 
neatly under dash. 

Mobilette 61 is available in a wide choice of fre- 
quencies covering the Amateur bands 75 through 
6 meters, Citizens hand, Civil Air Patrol low band 
frequencies, WWV time and frequency standards. 

Designed for 12 VDC, Mobilette 61 will operate 
on 6 VDC at reduced output. 

See the Mobilette 61 at your dealer today. 

Complete, ready to plug in and operate, only $22.95 

Any frequency in the range 2 MC to 50 MC 
available on special order $25.95 

Converter 

International Mohilettes cover these short wave hands. 

Catalog No. Frequency 
630.110 6 meters (Amateur) 50-51 MC 

630- 111 10 meters (Amateur) 28.5-29.5 MC 

630 - 112 11 meters (Citizens) 26.9 . 27.3 MC 

630-113 15 meters (Amateur) 21 - 21.6 MC 
630 114 20 meters (Amateur) 14 - 14.4 MC 

15 MC (WWV) 
630.115 41) meters (Amateur) 7.74 MC 
630-116 75 meters (Amateur) 3.8-4.0 MC 
630-117 10 MC (W WV{ 
630-118 CAP (Low Band) 
630 - 119 Special Frequencies 2 MC - 50 MC 

c 6 - - 

MbBILETTE 61CVHF, 
VHF ftequencies i r Aircraft, 108.135 mc; Amateur ánd Civil 
Air Patrol, 144-148 mc; Two.WayCbmmuni ationss 150.170 mc.' 
Special VHF transisiors in both RF. amplifie dad mixdr-circuits. ° 

Complete 21, $49.50 
Cat. No. Q 

- ° 

630 - 120 VHF Special. 100 to 170 mc - 

c 630 - 121 VHF Special. 54.ío 100 mc Y° 
.l 

Write for Internetronolb complete catalog of precision rodio crystals, 
and quality electronics equipment . . yours for the asking. 

:_LJ. 
vti ,t 

INTERNATIONAL 
CRYSTAL MFG. CO., INC. 

18 NORTH LEE - OKLA. CITY, OKLA. 
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(ON SALE FEBRUARY 28) 

FLIP-FLOPS 

Hidden away in today's complex computer systems are the 
simple "flip-flop" circuits that make them tick. You'll 
learn all about the flip-flop in a special feature that 
includes both theory and complete construction plans. 

ELECTRON CHEMISTRY 
From the powerhouse of the electron comes energy capa- 
ble of altering the very make-up of molecules. Read 
the exciting story of how a fascinating new science 
causes lasting changes in a multitude of products. 

©BUYING HI-FI 
Tabulated specifications give only part of the data you 
need to select a hi-fi amplifier wisely. Next month's 
issue tells you how to read and interpret performance 
curves-the only way to get the complete picture. 

SUBSCRIPTION SERVICE: Forms 3579 and all subscription Correspondence should be addressed to Popular Electronics, Circu laden Department. 434 South Wabash Avenue, Chicago 5, Illinois. Please allow at least four weeks for change of address. Include your old address as well as new-enclosing if possible an address label from a recent issue. 
CONTRIBUTORS: Contributors are advised to retain a copy of their manuscripts and Illustrations. Contributions should be mailed to the New York Editorial Office and most be accompanied by return postage. Contributions will be handled with reasonable care, but this magazine assumes no responsibility for their safety. Any copy accepted is subject to whatever adaptations and revisions are necessary to meet the requirements of this publication. Payment Covers all author's. contributor's and Contestant's rights, titles, and interest in and to the material accepted and will be made at our current rates upon acceptance. All photos and draw ings will be considered as part of material purchased. 
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No Ad"ranced 

- Education - 

'Required 

NO PREVIOUS TECHNICAL EXPERIENCE NEEDED! {, 

Men from practically every walk of life have won better jobs or businesses of their 
own through DeVry Tech's program. Many of these men, like thousands of others, 

had no previous technical experience. They prepared either in our well- 
equipped Toronto or Chicago laboratories, or at home in their spare time 
without interfering with their regular jobs. 

The "Electronic Age" is here! Opportunities for men 17 to 55 

are great! Fill in coupon below for FREE details! Act now! 

LIVE -WIRE EMPLOYMENT SERVICE 

GES 
DeVry Tech's Placement Department is in contact with some 

1 
of the best-known employers in the Electronics field. The 

service is free to all graduates - anc DeVry 
Tech's record in helping to place 

men has been outstanding. 
f laCt5 t 
FREE 

MFN 17 to 55 

DeVry Tech's Electronic Training 
has helped Men like these Get Better Jobs or Shops of their awn... 

ow about.YOU? 

e 

be wre O check the 
Here are soma of the many Electronic opportunities DeVry or, ing field.' 

m Tech's progra will fit you for: Aeireditet Member ofNalienaFHm tag oe s Courc't 
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FREE 
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interesting booklets, "Pocket 
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_` 
T1l - 1 

I J l t,li w! Is' i' t! 

DeVRY T 
INSTITUTE 

CHICAGO TORONTO - - 

February, 1961 

-roan t, a 
Real 

Earnings 
1 

Space 8 Missile Electronics Television and Radio Q Microwaves 

Radar Automation Electronics Cammunicat--0ns O Computer; 
p Broadcasting O Industrial Electronics O Special "Short Courses" 

Name Age 
Please Print 

Address Apt 

City Zone Slat: 

I7 Check here if you face military service. 
2036 Canadian residents: Write DeVry Tech of Canada, Ltd., 

970 Lawrence Avenue West, Toronto 19. Ontario 

5 



Notes from the 
Editor - 

BIGGER AND BIGGER. Looking into the future is sometimes more excit- 
ing than pondering the past, but a few days ago I found myself 
doing both. As you might guess, I was musing about electron- 
ics. But I wasn't thinking how tubes have grown smaller and 
smaller or transistors better and better. Instead, my thoughts 
were on a rather arbitrary graph of frequencies scientists call 
the spectrum. 

Now I am not about to suggest that the spectrum has undergone a 
process of miniaturization, as have tubes, or that it has some- 
how "improved," as have transistors. Since it is governed by 
natural laws, the spectrum today is in every way the same spec- 
trum of yesterday. But in a practical sense, today's spectrum 
differs from yesterday's in the same degree that today's button - 
base, multi -element tube differs from yesterday's inefficient, 
lamp -bulb -like giant. For just as hi-fi has pushed the range of 
sound reproduction to the limits of audibility, new developments 
in electronics promise to harness more and more of the spectrum's 
potential. 

Two articles in this issue illustrate just how far we've come in 
exploiting the full range of frequencies at our disposal. One 
device covered, the laser, will enable us to control light waves 
in much the same way we currently tune radio waves. In itself, the 
laser represents man's first successful production of "coherent" 
--tuned--light. As you'll learn from reading the article, an ac- 
tual light amplifier such as the laser has tremendous possibil- 
ities in communication and control. Even more important, the laser 
promises to open up vast new areas of hitherto unused frequencies. 

The second article, or rather series of articles, since both theory 
and construction are covered, deals with another relatively new 
band of frequencies --infrared. Invisible to the eye, infrared ra- 
diation opens a whole new world to the scientist, particularly in 
such fields as chemical analysis and radar. More interesting, per- 
haps, is the fact that today's infrared radiation --like the ultra- 
violet within the laser's bandwidth --makes use of a host of fre- 
quencies that were all but useless yesterday. Anything wrong with 
calling that an "expanding" spectrum? 

CANADIANS ON CB --PROBABLY! Rumors are flying thick and fast as I close 
this page. The allocation of the 11 -meter band to Citizens Radio 
in Canada seems a foregone conclusion. Channel assignments, power 
limitation, and call letter designations will be similar to those 
here in the United States. CB'ers are also looking forward to a 
reciprocal agreement permitting operation of Canadian mobiles 
south of the border and our mobiles over on their side. Such a 
reciprocal agreement has worked successfully for radio amateurs 
for six or seven years. 
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HOW TO BREAK INTO RADIO -TV -ELECTRONICS 

A good paying career in Radio -TV -Electronics may 

be closer t Iran 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 
J.C.S. course is preparing you thoroughly-al your 
own pace-for an exciting new career. I.C.S. Radio - 
TV -Electronics courses make electronic fundamenta s 

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! 

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 t here's 
a whole new future to gain. 

Send coupon below for your 

free I.C.S. Career Kit! 

0 "How to Succeed" career guide 

"Career Catalog" of job oppor- 

tunities in your field of interest 

"Sample Lesson" (math) to dem- 

onstrate the famous I.C.S. method 

J.C. S., Scranton 15, Penna. 

°. eo INTERNATIONAL C'ORRESPONDENCE SCHOOLS' 

Accrerited Member, 

National Home Study Council 

ICS 
BOX 45100A, SCRANTON 15, PENNA. In Hawaii reply P.O. Box 418, Honolulu (Partial list of courses) 

Without cost or obligation, send me "How to Succeed" and the opportunity booklet about the field BEFORE which I have marked X (plus sample lesson): 

RADIO 
TELEVISION 
ELECTRONICS 

General Electronics Tech. 
Industrial Electronics 

O Practical Radio -TV Eng'r'g 
Practical Telephony 
Radio -TV Servicing 

BUSINESS 
Cost Accounting 
Managing a Small Business 
Purchasing Agent 

DRAFTING 
Electrical Drafting 

HIGH SCHOOL 
High School Diploma 
Good English 
High School Mathematics 

Name _Age Home Address 

ELECTRICAL 
Electrical Engineering 
Elec. Engr. Technician 
Elec. Light and Power 
Practical Electrician 
Professional Engineer (,lea) 

LEADERSHIP 
Industrial Foremanship 
Industrial Supervision 
Personnel -Labor Relations 
Supervision 

City Zone State Working Hours A M to_P M 

Occupation 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. 

February, 1961 7 



POP'tronics 

NEWS SC PE 
PEEPING FROM BEHIND a "stubby beard," the new Ray- 
theon electrostatic printer tube prints as many as three 
81/2" x 11" photographs per second. This speed is over 
1000% faster than that of news wire -service machines now 
being used by your local newspaper. The "stubby beard" 
is a row of .001 -inch wires spaced 250 to the inch in a 
row on the front of a flattened cathode-ray tube. The elec- 
tron beam sweeps across the wire ends inside the tube- 
electrons pass through the face of the tube vía the metallic 
beard-depositing an electrostatic charge on paper as it 
passes the tube face. Present computer read-out printing 
techniques "develop" the picture in nothing flat. Quality: 
as good as the photos in POP'tronics. 

A MOON TV STATION, manned by neither monkeys nor 
astronauts, is now in the developmental stage at the Kin Tel 
Division of Cohu Electronics, Inc. A compact camera, trans- 
mitter and telemetering system will be transported to the 
moon by rocket and "soft -landed" there. Telemetering from 
earth will direct the camera to pan the moon and earth or 
segments of the starry universe. U.h.f. will transmit the 
video back to earthbound scientists. 

TEMPERATURES IN EXCESS of 3000° C are being achieved 
by a "Plasma Torch" developed by Amperex. The torch is a 
simple device that uses an r.f. field to generate heat-with- 
out consuming either fuel or electrodes. The heat results 
from the recombination of gas molecules that have been dis- 
associated in a strong r.f. field. Available in models operat- 
ing at 27 or 2450 mc., the torch prototypes are being sold 
for about $1000. Heat without oxidation has many im- 
portant and diverse applications. 

LANGUAGE COMPUTERS, considered a must for the sci- 
entific and literary fields, will soon make possible phone 
communications between people who do not speak the same 
language. Dr. Edwin G. Schneider of Sylvania predicts that 
intelligible bilingual telephone service will result from ad- 
vances in communications and data processing. United 
Nations interpreters need not worry-computers cannot in- 
terpret the bang of a shoe .... yet! 

BUDDING SCIENTISTS will be interested in a compact cyclo- 
tron, no larger than a desk, built by the Hughes Aircraft 
Company. Donated to Pomona College, the unit is the first 
designed for undergraduate instructional purposes in the 
U.S.A. Every physics major will eventually have a chance 
to do individual work on this 3' x 5' two -million -volt atom 
smasher. It's practically foolproof, and you don't need a 
Ph.D. to operate it. 

....-.-------"" ......, 
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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 
electronics. Employers are eager to hire licensed technicians. 

WHICH LICENSE FOR WHICH JOB? 

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

The SECOND CLASS radiotelephone license qualifies 
you to install, maintain and operate most all radiotelephone 
equipment except commercial broadcast station equipment. 

The FIRST CLASS radio telephone license qualifies you 
to install, maintain and operate every type of radiotelephone 
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. 

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, Ohms and Kirchhoff '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 and Receivers. FM 
Transmitters and Receivers. Antennas and Trans- 
mission Lines, Measuring Instruments, FCC Rules 
and Regulations, and extensive theory and mathe- 
matical calculations associated with all the above 
subjects explained simply and in detail. 

OUR GUARANTEE 
If you should fail the F. C. C. exam after finishing our 

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

t 
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Learn by Correspondence or in Resident Classes 

Grantham training is offered by correspondence or in 
resident classes. Either way, we train you quickly and 
thoroughly ---teach you a great deal of electronics and 
prepare you to pass the F.C.C. examination for a first 
class license. Get details now. Mail coupon below. 

. This booklet 
FREE! 

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

a55w 

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. Our free booklet gives complete details. If you 
are interested in preparing for your F. C. C. license, mail the 
coupon below to the School's home office at 1505 N. Western 
Ave., Hollywood 27, California-the address given in the coupon 
-and our free booklet will be mailed to you promptly. No 
charge-no obligation. 

n«` 

Grantharri School of Éléctro 9ri . . . d 
, 

OVA 
RESIDENT CLASSES 1 0 \I 

HELD IN FOUR CITIES no 
.ri 

If you are interest- 11 

ed in attending day 
or evening classes 
mail the coupon for 
free information to 
our home of- 
fice in Holly- 
wood, Calif. 

o 

Jit 't 

(Mail in envelope or paste on postal card) 

To: GRANTHAM SCHOOL OF ELECTRONICS 
1505 N. Western Ave., Hollywood, Calif. 

Gentlemen: 
Please send me your free booklet telling how I can get my com- 

mercial F.C.C. license quickly. I understand there is no obligation 
and no salesmon will call. 

Nome Age 

Address 

City_ 

am interested in: Home Study, O Seattle classes I 

, Hollywood classes, Kansas City classes, 13 Washington classes 
N MAIL COUPON NOW-NO SALESMA WILL 13-B 

9 February, 1961 
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FIX -ANDY -TV 
These 2 great Ghirardi books bring you 

COMPLETE TRAINING 

A. A. Ghirardi 
ElectrOnlc's best - 
know n instructor 

.or= 

FOR MODERN RADIO -TV SERVICING! 
Let these two famous Ghirardi training books teach you to handle 

all types of AM, FM and TV service jobs by approved professional 
methods! Almost 1500 pages and over S00 clear pictures and 
diagrams explain EVER\ troubleshooting and repair operation as 
clearly as A -I; -C. No needless mathematics. No involved theory. 
You get practical training of the type that teaches you to (lo the 
best work in the shortest time. Sold separately-or you save $2.00 
by buying both books. Use coupon or order from Dept. PE-21, 
Holt, Rinehart and Winston, Inc., Technical Div., 333 Madison Ave., 
New York 17, N. V. 

RADIO & TV CIRCUITRY 
AND OPERATION 

Complete +raining in modern circuits 
and how to service them 

You can repair ANY radio. television or other 
electronic equ tpnceut lots easier. faster and tel 
when you really understand circuits and know just 
huw and why each one works. That's exactly the kind 
of training you get In Ghlrardi's 609 -page Radio 
& TV CI1tCtll'rttY AND OI'EIL\'TION handbook! 
(lives a complete understanding of modern ei reults. 
Shows what troubles to look for, and how to elimi- 
nate useless test jug itt servicing them. Throughout, it brings you the abot c -average training that takes 
the guesswork out of troubleshooting and fits you 
for the best paid service jobs. 417 illustrations. Price $9.00 but see money -staving offer! 

Circle No. I in coupon to order 

.l,e"K 

.-r 

Save$2oo 
Get both of these 
famous Ghirardi 
books at a saving 
of $2.00 under the 
regular price. Check 
MONEY -SAVING 
OFFER in coupon! 

RADIO & TV TROUBLE- 
SHOOTING AND REPAIR 

Complete training in modern service methods 

Ghirardl's Radio & TV TROUBLESHOOTING 
AND laid' tilt is a complete 922 -page guide to 
professional service methods. For beginners. this 
giant book with Its 417 clear illustrations is an 
easily understood course in locating troubles fast 
and fixing them right. Fur experienced men. it is 
ideal for developing better methods and finding fast 
answers to Puzzling problems- Covers troubleshoot- 
ing by all methods Including both "static" and 
"dynamic" signal tracing types. Step-by-step charts 
demonstrate exactly how to proceed. .\ big tele- 
vision section is a down-to-earth guide to all phases 
of TV troubleshooting and service. Price $10.00. See 
stoney -sating offer! 

Circle No. 2 in coupon to order 

REPAIR ANY ELECTRICAL APPLIANCE! 
Save on repair bills! 

This 370 -page, profusely illustrated ELECTRICAL 
A I'1'L1.\NCI: REPAIR nl.\Nl'AL helps you service 
Practically any electrical appliance in common use -- 
even if you've never fixed an appliance before. Basic 
principles are first explained-then the book gives you 
spceilic how -to -tin -it instructions for both standard and 
automatic washers. irouers, toasters, rages, cleaners, 
mixers, razors, clocks, motors, and many since. 

Circle No. 3 in 

Earn in your Spare Time! 
Candy troubleshooting charts gnickly help you locate 

what is wrong. Easy instructions guide you in slaking 
repairs, adjustments and parts replacements. 'Tells how 
to make your nuca low-cost test tools. Describes awing 
problem, includes ap p lion ce refinishing methods. 
Throughout, it gives you the practical "know how" to 
lix your men appliances-or to build a profitable full or 
part time repair business. )'rice $6.25. 

coupon to order 

REPAIR ANY ELECTRIC MOTOR! 
... handle any job from minor repairs to complete rewinding 

It pays to train for something different! IuLECTIRIC 
111'011 REPASS: is a complete guide that helps you 
cash in on this vast, rapidly growing field. Shows how 
In hurdle all repair jobs fincluctittg complete rewinding) 
on practically ANY AC or 111` motor or generator to 
common use. Special duo -spiral binding brings text 

and related how -to -do -It diagrams side by side so that 
You learn fast, easily and right. Every Job is explained 
so clearly you can hardly fail to understand it. Over 
100.0110 copies in use in motor repair shops, schools 
and for home study. 560 pages. Over 000 how -to -do -it 
pictures. Price only $0.2a for the complete training. 

To order, circle No. 4 in coupon 

SHORT CUTS TO TV REPAIRS! 
Eliminate Useless Testing-Fix TV Receivers in a Jiffy! 

.lust turn the dials of these handy, pocket-size 
C hi rardl & \liddleton 1'1 X -O-101 X '1'V Trouble 
Finder Guides. When the picture in the 1'IX-O- 
FIN window matches the screen image on the 
television set you're repairing . . . presto! . 

you've got your clue. 
t'IN-O-FIX shows the causes of the trouble. 

To order. circle 

indicates the receiver section where it has prob- 
ably happened, then gives repair instructions. 
t'IX-O-P IX No. 1 identities 24 coition troubles 
and gives 102 causes and 253 remedies for them. 
No. 2 covers 24 snore advanced troubles. Together. 
they are an easy guide to quick ' picture analysis - making of any TV set . . . A p0 THE PRICE 
IS ONLY $3.00 for Roth. 

No. 5 in coupon 

10 Always say you saw it in-POPULAR ELECTRONICS 
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TRAIN FOR TV -RADIO -ELECTRONICS ... at rock -bottom cost! 

Get your basic training from these easily understood, low cost books! 
Here is complete basic elec- 

trical-electronM training ape 
cifically written for beginners 
-priced at a traction of what 
you might expect. 785 Da.zes 
and almost 700 pictures. din - 
grains and charts in these two 
big books bring yoU tos rimeli 
training written so you can 
understand it. In envy re- 
spect, the material in these 
books compares inore than fa- 
vorably with -COurses' Cast- 
ing many times as much! 

ILYSIC ELECTIZICITY - Fonda 
mental electrical principles are the 
basis of ALI. Electronics-and this 
396 -page litutrinil gives y011 a corn- 
plete oorliiiig knowledge of them! 
Covers everythirig from elect minnow - 
net ism to phone principles. circuits. 
wiling, illumination. reactance. MI- 
posionee. power factor. instruments., 
controls, illeaSilreinentS_ all times of 
components and equipment. etc. In- 
cludes settip diagrams, practical 
examph, rind problem solutions. 
Price $6.25 stellar:m.1Y. 

Specify No. 7 in counon. 

SAVE $1.50! SEE MONEY -SAVING OFFER ON BOTH 

BASIC ELECTIZI/NICS 
new 389 -Page guide takes up 
where Basic Electricity leaves 
off. Shows how eh -cult -al twin- 
Cioles rue applied in Electronics 
and gives you a sound grasp of 
electronic theory, inetliods. Cir- 
Min, and equipMent. Over 1;75 
il I list ra t ion.; explain details 

The idea! basic train- 
ing for any kind of work in TV. 
radio, communications. ti -11. 
industrial electronics and re- 
lated fields! Price $6.25 sepa- 
rately. Specify No. 8 in coupon, 

BOOKS IN COUPON! 

DON'T THROW OLD RADIOS AWAY! 
Here's the data you need to fix them in a jiffy! 

Just look up that troublesome old radio yoll ii -ant to fix. 
Four times out of live, this stitint, 3% -pound. 744 -page 
Chirardi RADIO TROUBLESHOOTERS HANDBOOK 
tells what is calming the trouble . shows how to lix it. 
Cuts service tinte in half. Eliminates useless testing. Even 
beginners call easily fix old sets which might otherwise 
he thrown away. 

(lives trouble symptoms and their remedies for over 

4.800 specific tired -Is of old home, alit() radios and record 
changers made between 1925 and 1912 . Airline, Apex. Arvin, Atwater Itent, Belmont. Bri;ch, Brunswick, Cla- 
riOn, Crosley. En.erson, Fula, Kolster. 3latestie. 
Motorola, Mille°. Pilot, It( .\ , Silvio -tone. Sparton. Strom - 
berg and dozens more. Has huntlreds or pages or old tube 
and component data. serviee short cuts. etc, Price $10.00. 

Circle No. 6 in coupon to order 

New! Easy! HANDBOOK OF TV TROUBLES 
LOOK, LISTEN-then follow this simplified TV repair guide! 

This remarkable new 302 -page Handbook helps you track 
down practically any TV trouble from the symptoms it 
produces in the set itself? Just turn to the Index. Look up 
the trouble symptoms of the set you want to fix screen 
Intermittently dark: 'Iilontning- abnormal contrast. in 
armors: "snow"; poor tletail; sYliC t roubles; sound troubles 
-or any or the loony others. Then HANDBOOK Or TV 

TROUBLES shown you emetly how to make adjustments 
or parts replacements. Outlines time -saving short cuts. 
Explains puzzling dettills. Eliminates guesswork and use- 
less testing. Moro than 15i1 television trouble test pattern. 
wave form and circuit lEustrations explain test results, 
details and procedures so clearly too can hardly fall to 
understand. l'rice $7.50, Circle No. 10 in coupon to order 

GET MORE WORK OUT OF YOUR OSCILLOSCOPE! 
Learn all about the handiest service instrument of all! 

Here. to a big, rerised 2nd edition, is THE hook 
that really shows you how to get more work out of 
your oscilloscope. 

flea Hy as A -I3 -C. MODERN OSCILLOSCOPES 
AND TI1Ellt USES gets right down to "brass tacks" 
in idling you exactly when, where and how. You 
learn to locate either AM or FM radio or television 
troubles in a jiffy. Even tough realignment jobs are 
made easy. Every detail is clearly explained-frotr 

making connections to adjusting circuit components 
and setting the oscilloscope controls. And you learn to 
analyze patterns fast and RIGHT! 

Includes latest data on quantitative measurements 
(the slickest method of diagnosing many color TV 
troubles and aligning sets proterly): using 'scones I. 
industrial electronics, teaching . . eren in atomic 
energy work. Over 400 helpful pictures include dozens 
of pattern photos. ':ice 68.00, 

Circle No. 9 in coupon to order 

TRY ANY B00100 DAYS F'REEi! 
CUÍ RADIO -TV TEST 

TIME IN HALF! 

Here's the 
instrument 

training you need! 

In servicing. building or ex- 
perimenting with any kind of 
television. radio, Iii -11 or other 
electronic equipment, iTS 
WHAT YOU KNOW Arsour 
USING INSTR CMENTS 
THAT COUNTS! This 316 - 

page 'IASI I' ELECTRON IC 
TEST PROCEDURES manual 
helps you make tests and meas- 
urements and locate TV, AM 
and FM troubles fast and ac- 
curately. Tells what instru- 
Merits tO line and exactly how: 
how' to substitute one for WI - 
other; how to avoid buying 
unnecessary tYpes; and how to 
develop tinie-saving test meth- 
ods. 190 pictures and dozens of 
troubleshoot ing charts make 

things doubly clear. Corers Current Checks: 
measurements of l'irive r, Capacitance, I nduet 
Resistance. AF, Phase Distortion Az Ylodula- 
lion; checking Sensitivity, RI" Gain, Fidelity, A V(' 
Voltage, Operating Voltages, etc. and includes bomb' 
TV Visual Alignment Techniques. Price $8.00, 

Circle No. II in coupon to order 

Dept. PE -21, Technical Division, 
HOLT, RINEHART and WINSTON, Inc., 
383 Madison Ave., New York 17, N.Y. 
Send books indicated for 10 -day FREE EXAMINATION. (Circle the numbers 
Of the books you want.) In 10 days. I will remit price indicated plus postage 
or return taroks postpaid and owe nothing_ (SAVE' Send cash with order and we 
pay postage. Santo 10 -day return privilege with money promptly refunded.) 

nCheck here for SERVICE 
TRAINING COMBINATION 
OFFER 

. .. on Books Nos. 1 and 2. Send both big 
books at only $17 for the two plus postaare. 
Regulat- price 619-you save $2.00! 

nCheck here for BASIC 
TRAINING COMBINATION 
OFFER ... on Rooks Nos. 7 and 8. Send both books 

at only $11 for the two phis Postage. Regular 
price $12.50-you save 61.50! 

CIRCLE NUMBERS OF 

THE BOOKS YOU WANT 
TO ORDER! 

.1 2 3 4 
5 6 7 8 
9 10 11 

OUTSIDE U.S.A. Name 
Add 50c to price of 
cork book. Cosh with Address 
order unity, Some 10' 
dirty ret ?MI privilege 

City, Zone, State 

February, 1961 II 



2A3 
- 2AF4 
e 3BC5 

3BN6 
3BZ6 
3CB6 
3C F6 
3CS6 
3LF4 

37. 

SEND FOR FREE 
COMPLETE LIST 
OF TUBES 

0A2 3Q4 

OZ4 A7GT 48Z7 
B3GT 
H4G 5AT8 
H5GT 5AV8 
LI 5AW4 
L6 581(7 
N5GT 516 
Q5GT 5T8 

5u4G 
5U8 

GAR 
6AB4 
6AC7 
6A F4 
688 
6BA6 

EMLECTRON 
TUICRgE 51. P.0 Box 

Paterson ' Newkeraéy 

Select Stock of 
Used Tubes at a 

Fabulous Low Price 

6BC5 
6BC8 
61306 
6C4 
6C5 
GC6 
6C86 
GCDGG 

7A4; XXL 

7A6 
7A7 
7A8 
7B4 
785 
7B6 
7B7 
7B8 
C4 

2A8 25Z5 
2A Q5 25Z6 
2ATfi 26 
2AT7 35A5 
2AU6 3585 
2AU7 35C5 
2AV6 35L6GT 
2AV7 35W4 
2AX4GT 35Y4 
2AX7 35Z5GT 

37 
9BG6G 39/44 
916 42 
9T8 43 

24A 45 
25AV5 50A5 
25BQ6 78 
25DN6 80 
25L6GT 84/6Z4 
25W4GT 117Z3 

All tunes I,6-lestea for n,aual 'On' POSTAGE PAID. Sena du tame. life exl. Guar. Nit I:F: I yr. r 2"k' handle. for orders reI,Iaren,rnt at), tithe ratline under all belt SB. 25$F dap operating rood Adv. tunes not n 
libeler 

Sena approx. .rill' newt , ' he elec. pert. tart.e see post. on Can. re oreign boas of nsell - clearly 'narked. orders. 

CITIZEN BAND KIT SALE!!! 
Closing out our stock of CB kits. Nationally advertised at $39.95 up. Complete with power supply. tubes, crystal, cabinet, coils, etc., less mike. All sales final at this price. Thousands of satisfied users. 

1 10 Volt CB Transceiver Fits S \LE PRICE $19.95 
12 Volt CB Transceiver Kits SALE PRICE $22.95 
fi Volt CII Transceiver Kits SALE PRICE $22.95 

SAVE $$$ ON FAMOUS MAKE CITIZEN BAND 
ACCESSORIES! ! 

Ground Plane Antenna (Top Quality) 
S\LE PRICE $12.98 

3 -Element Horizontal Beam Antenna 
(Reg.. 29.05) SALE PRICE $11.99 

102" Whip, Rase, Spring Assembly 
S \LE PRICE $ 7.98 

Bumper Mount Antenna -I- Spring, 
1(12" \Vhip SALE PRICE $ 9.98 

Single Bumper Mounts SALE PRICE $ 4.49 
Double Bumper Mounts SALE PRICE $ 6.49 

GROVE'S BUY -OF -THE -MONTH! ! 
CB CONVERTER KIT: Uses your car radio to achieve top quality reception, Complete with cabinet. crystal, tubes, 
plugs. 2" high -6" wide -2 tubes-Power from it14 50 radio or power supplies SALE PRICE 

GET THE GROVE PRICE ON CB SUPPLIES!!! 
TRANSMITTER KIT: Complete with push -to -talk micro- 
phone, crystal, cabinet, panel meter to monitor input or output, 6 -channel snitching. etc. $34.95 SALE PRICE 
AC POWER SUPPLY KIT: Posvers converters or transmit- ters from A.C. source for home operation 

SALE PRICE 6.95 
MOBILE POWER SUPPLY KIT: Transistorized, plugs into cigarette lighter. For use with 12 -volt sys-$22.98 tems. Powers above units SALE PRICE P FIELD STRENGTH METER KIT: Includes load box and telescopic ship antenna. $14.98 SALE PRICE 
Send for our 1961 catalog featuring top values on CB supplies!!!! 

GROVE ELECTRONIC SUPPLY COMPANY 
4070 N, MILWAUKEE CHICAGO 41, ILLINOIS 4103 W. BELMONT 
lorlo,l, ,o,xlua, with, ors.'', or 509 deposit. $2 usually corers on kits, °run's, ',lauded. 

11111Foe 
-,11 On 

Report 
*3f**. L ********* *********** 

1 .T1 1 By ROBERT E. TALL 
=r Washington Correspondent 

Answering Services 
THE Federal Communications Commis- 

sion seems pretty well satisfied with 
the operation of the Class D Citizens Ra- 
dio Service (CB) at the present time. No 
new problems concerning regulation of 
the Class D Service have arisen and 
many of the Commission's older prob- 
lems with CB'ers are being resolved. 
This situation is due in large measure to 
the success of the CB clubs around the 
country in putting the squeeze on known 
rule violators. The FCC appreciates the 
efforts of these organizations. 

One problem that persists, however, is 
the unscrupulous modifying of CB trans- 
mitters to step up their r.f. power output. 
Complaints are being received by the 
Commission from some manufacturers of 
equipment contending that other manu- 
facturers encourage home adjustment 
of the CB sets past the power input 
limits set by the FCC. The Commission 
is advising the complainants in such 
cases to present their story to the Fed- 
eral Trade Commission. 

There is a current surge of interest in 
the use of CB equipment with telephone 
answering services, and the FCC has 
clarified just how the Citizens Radio 
Service can be used in conjunction with 
the answering services, and has restated 
what kind of traffic cannot be handled. 

Telephone answering services can use 
CB for communications incidental to the 
internal operation of the business. But 
extension of the answering services to 
permit CB contacts with customers for 
the purpose of relaying messages or re- 
porting telephone calls is not permitted. 

The FCC states that, "Inasmuch as the 
messages taken by the telephone an- 
swering services for their subscribers re - 

12 POPULAR ELECTRONICS 



r,Hére's' Thé Offer No -Other Radio-TV.Sch oI 
LEARN AT HOME in Spare Time! RES. MÁK 
YOU DO MANY PRACTICAL JOBS with the kits we 
send you. That's right, you PRACTICE what we 
TEACH! You build a Signal Generator, AC -DC Power 
Pack, and AC -DC Superheterodyne Radio Receiver 
and top quality 21 inch TV Set. EARN AS YOU 
LEARN, with the famous RTS 30 Day Income Plan. 
Full Instructions provided. NO HIGH SCHOOL 
DIPLOMA 'NECESSARY. This is a' COMPLETE 
course which starts with basic subjects and 
gradually advances to Radio -TV.... ALL FOR A 
PRICE YOU CAN AFFORD! 

*THE ONLY VERTICAL 

MULTI -CHASSIS 21" 
TV KIT OFFERED BY 

ANY RADIO -TV SCHOOL 

/1 

YOU BUILD THESE 

AND OTHER UNITS! 

t euuntsm 
SIT MUM! 

5 

ys 

4,1 Tubes 
.. Excluded 

RTS' Membership in 
The Association of 
Home Study Schools 
is your assurance of 
Reliability, Integrity and 
Quality of Training. 

RTS Will Train You at a Price.1 

You Can Afford and When 

You Are a Qualified Graduate 

Will Help You Open a Service 

Shop of Your Own and Supply; 
You With Every Bit of 
Equipment You Need to Get 

Started - Plus an Inventory 
c izal of Parts and Necessary 

Supplies. 

Each student is en - 
tilled to unlimited 
consultation service. 
All 

ALL FINANCED WITHOUT INTEREST 

OR CARRYING CHARGES!! 
nrpletely You Also Receive Advertising 

highly specialised 
instruelory, - 

I 

Wei SS. 

PLAN 

SAMPLE 
@ LESSOH_- 

RADIO-TELEVISION 
TRAINING SCHOOL' 
815 EAST ROS ECRANS AVENUE 
LOS ANGELES 59 CALIFORNIA 

Est. 1922 

February, 1961 

sC5 aaa 
Rush 
Coupon 

for FREE 
- FACTS 

Here's What Two of Many Business Plan Shop Owners Have to Say! 

This business takes in between The school lives up to its 
51500 and 52000 a month. I've promises 100%. RTS does not 
had to hire help to keep up lose interest in its students once 
with it. they graduate. 

CULLEN W. IRBY HAROLD R. STANLAKE 
Corpus Christi. Tesas Perry, Michigan 

Help and Material, Shop Plans, 

Business Systems, Letterheads, 
Calling Cards and Much More! 

DON'T LOSE .OUT- FIND " UT! 
RADIO TELEVISION TRAINING SCHOOL, Dept PE -21 
815 EAST ROSECRANS AVE., LOS ANGELES 59 CALIF 
Rush me full information by return mail. (Please Print) 

NAME AGE 

STREET 

CITY 
Llore 

ZONE STAT 

NO SALESMAN WILL CALL OL YOU! 
13 



late to the activities of the subscribers 
and not the answering service, such mes- 
sages may not at any time be transmitted 
over a citizens radio station operated by 
the telephone answering service as li- 
censee." Nor may any compensation or 
remuneration be accepted by the licensee 
from any person for the use of his CB 
radio station, and the transmission of 
communications for hire in the Citizens 
Radio Service is definitely prohibited. 
The Commission says that "these limita- 
tions apply even though there is no direct 
charge to the subscriber for the radio 
service." 

The FCC pointed out that a CB'er who 
is a client of a telephone answering serv- 
ice can install a transmitter operated 
under a license held by him on the pre- 
mises of the telephone answering service. 
This transmitter can be used to notify 
the CB'er of telephone calls received for 
him by the answering service. However, 
the CB unit at the answering service 
cannot be used to handle communica- 
tions for any person other than the spe- 
cific CB'er to which it is licensed, and the 
same unit cannot be licensed to more 

than one person. Also, it is emphasized, 
"the transmitter may not be connected 
to the public telephone system." 

As evidence of control, the FCC ex- 
plained, an agreement should be drawn 
up between the licensee and the answer- 
ing service to provide that (1) the li- 
censee of the citizens radio station will 
have control over the operation of the 
radio system at all times, even though 
it will be, in part, operated by answering 
service personnel; (2) the licensee will 
have full and unrestricted access to and 
jurisdiction over the transmitter to en- 
able him to carry out his responsibilities 
under the license; and (3) it is under- 
stood that the licensee is fully respon- 
sible for the proper operation and control 
of the radio system and is subject to 
penalty for violations of any provisions 
of the Communications Act or of the 
Commission's rules. 

One FCC representative called atten- 
tion to the fact that the "not for hire" 
philosophy of CB communications may 
warrant a special drive on the part of the 
Commission some time in the future to 
eliminate abuses. 30 

STF',KEO STEREO 

NEW SONY TAPE DECK 
Now, for less than the cost of a good record changer, you 
can add a versatile new dimension to your hi fi system. 

The Sony 262-D tape deck has a 4 track stereo erase 
head and 4 track stereo record/playback head. Heads are 
wired to six output and input facilities for connection of 
external electronics to play and 
record four track stereo. This is 
the same quality mechanism 
used in the most expensive 
Sony Superscope tape recorders. 

'C> 
50 

Other tape recorders in the 
remarkable Sony line include 
the dual track bantam at 
$99.50, the Sterecorder 300, a 
complete portable stereo port- 
able stereo system at only 
$399.50, and the 262 -SL 
parallel and sound -on -sound 
recorder at $199.50. For lit- 
erature or nearest dealer, 
write: Superscope, Inc., Dept. 
F, Sun Valley, Calif. 

The tapeway to Stereo 

ti 
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The future is YOURS in 

ELECTRONICS 
A fabulous field-good pay-fascinating work-a 

prosperous future! Good jobs or independence in your 
own business! 

Modern Training by Coyne 
RIGHT IN YOUR OWN HOME 

Coyne brings you the first truly lower cost MODERN 
QUALITY Television Home 'Training; training de- 
signed to meet Coyne standards. Here is MODERN 
ELECTRONICS TRAINING with the latest on 
Transistors, Printed Circuits, Remote Controls, Test 
Equipment, UHF, and Color. No previous experience 
needed. Personal guidance by Coyne Staff. 
The Institution Behind this Training 
Famous for over sixty Iwo years. COY .VE occupies this entire 
building which is the new home of COYNE. COY.VE'S modern 
resident training of men in Electronics, Electricity, Television 
and Radio 
has produced 
Awvsands 
of successful 
graduates. zl I1 4x it 

. 
1 

3 

11/4 iii . ' , 
_ < ---------- --- - 

B: W. CDOKE, Ir., President FOUNDED I699 

1110 =, 
ELÉCTRCAL' SCHOÓ_L 

CHARTERED AS AN EDUCATIONAL. INSTITUTION 
NOT FOR PROFIT 

1501 W. Congress Parkway, Chicago 7, Dept. 00000 

MALL' COUP,OÑF NOW =FOR 'DETAILS. FRET? 

February, 1961 

LEARN TO 
EARN IN SPARE TIME AT HOME 

COYNE offers a most practical Home Television 
Training. Easy to follow step-by-step instructions, 
fully illustrated with over 2150 photos and diagrams. 
Practical Job Guides to show you how to do actual 
servicing jobs-make money early in course. Keep 
your present job while in training. 

Jawe' cad] - Terms 
We save you money because we don't send you-AND 
CHARGE FOR-a long list of parts or "put together 
kits," which you may not want or do not need. With 
Coyne Television Home Training you pay only for your 
training, no costly extras. 

Even though we have added over 130 pages of lesson 
material recently to cover the latest Electronics sub- 
jects we have lowered our tuition while other schools 
have raised theirs. 

SEND COUPON OR WRITE TO ADDRESS BELOW 

fOR FREE BOOK -75 

and full details, including 
Easy Payment Plan. No 
obligation, no salesman 
will call. 
r 

COYNE Television 
Home Training Division 
Dept. 21-H2-New Coyne Building 
1501 W. Congress Parkway, Chicago 7, Illinois 
Send Free Book and details on Television Home 
Training. This does not obligate me in any way. 

Nacre 

Address 

City .State 
(It is understood no salesmen will call.) 
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fastest,; :easiest .way 

-- to learn math 

1$ASIC MATHEMATICS 
(A. -PICTURED -TEXT COURSE) 

1; by Norman H. Crowhurst ° 

New approach and pictorial technique » takes 
it easier than ever before possible to learn 

all the math you. need to get ahead. 
Thís remarkable 4 -volume course takes you in easy stages from counting through algebra, geometry, trigonometry to calculus so that. you 

will understand easily, quickly, all the math you will need to get ahead-regardless-of your pre- vious education! It employs an exciting new tech- 
nique wherein basic mathematics is presented as 
one continuous development of mathematics. The individual branches of mathematics are not 
divided into separate and unrelated subjects. Algebra, geometry, trigonometry, calculus are 
interwoven at progressively rising levels in the 
different volumes. Each volume reinforces your understanding as you penetrate more deeply into the subjects. Selected illustrations create clear images of mathematical ideas formerly difficult 
to understand or imagine through words alone. 
NOW AVAILABLE VOLUME I-FIRST STEP TOWARD MASTERY 
OF MATHEMATICS - In Volume I you gain the self- 
confidence you need to master mathematics! You 
build a solid foundation in mathematics without realizing that you are being introduced to 
subjects usually considered dry and difficult -to - master. You learn addition, subtraction, multi- plication, division, taking of roots, decimals, areas, angles, distance/time, rate of growth, ratios, percentages, etc. All subjects follow one another so easily that learning is 'painless'. 
Imagine a dedicated teacher sitting next to you and very patiently and painstakingly explaining step by step the processes of mathematics in each subject area... This is Basic Mathematics. 
WHY A KNOWLEDGE OF MATH SPEEDS YOUR PROGRESS IN 
ELECTRONICS - No matter what your plans are in 
electronics-mathematics plays a vital role. The 
more math you know, the easier it is to learn 
electronics. And, if you've set your sights on being an advanced technician or an engineer, you must have a firm foundation in mathematics 
to achieve your goal. This course will speed you towards your goal. 
4 VOLUMES TAKE YOU FROM COUNTING TO CALCULUS - 
VOL. I-Arithmetic as An' Outgrowth of Learn - jog to Count-(now available) #268-1, $3.90. 
VOL. II- .Introducing Algebra, Geometry, Trigonometry, Calculus as Ways of Thinking in 
Mathematics. (available May). VOL. III-Devel- 
oping Algebra, Geometry, Trigonometry, Calcu- lus as Working Methods in Mathematics. (avail- 
able in late 1961). VOL. IV-Developing Algebra, 
Geometry, Trigonometry, Calculus as Analytical 
Methods in Mathematics. (available in late 1961). 

At book stores, parts distributors, or direct. 
No matter where you buy these books, we guarantee satisfaction or your money back within 30.days: PE -2 

r JOHN F: RIDER PUBLISHER INC:. 
'5 '116 West 14th Street, New York 11, N. Y. 
\\ Canada: Chas. W. Pointer', Ltd., 66 Racine Rd., Resdale, Ont 

Export; Acme Code Company,. Inc., 6309th 
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"Satellite" Price Change 
11 Those of your readers who want to build the 
"Satellite Flasher" project presented in your De- 
cember 1060 issue will find that the price of the 
satellite "package' has increased somewhat. Al- 
though the 3 -inch plastic ball and 2 -inch beveled 
disc still sell for 20 cents and 5 cents, respectively, 
the cement used to glue them together is no longer 
available in 25 -cent bottles. A larger size bottle, 
costing 75 cents, is available, however, and your 

Dw 

readers will probably be able to use the surplus ce- 
ment for future projects. In addition, mailing and 
handling costs for the three items come to 35 cents, 
making a total cost of $1.35. 

INDUSTRIAL PLASTICS SUPPLY CO. 
324 Canal Street 

New York 13, N. Y. 

"The Radar Man" I In your October 1960 issue, you published a 
poem called 'The Radar Man," submitted by 
"Educated G.I." I wrote "The Radar Man" in 
1042. It was used to illustrate a safety poster in 
1943, and has since appeared in a number of maga- 
zines. In my original version, the poem read as 
follows: 

If you should see upon the street 
A man equipped with dipole feet 
\Vith a family of curves trailing behind 
He's a radar man with a micro -mind. 

With micro -seconds and micro -waves 
And micro -volts he fills his days 
Thereby in the course of time 
He developed a micro -mind. 

His eyes take on a neon gleam 
His ears extend to a yagi beam 
His mouth becomes another pulse gate 
His heart pumps blood at a video rate. 

This radar man with the passing years 
Attained infinite impedance between his ears 

Always say you saw it in-POPULAR ELECTRONICS 



LAFAYETTE'S 
196 CATAL0 
324 GIANT SIZED -PAGES I 

The Complete Catalog Featuring 
"The Best Buys In The Business" 
7. 1 Steáeephonic Hi -Fi Equipment Q 
T -"t Public -Address Systems _ '0 1't 

_-1 Tape Recorders 
cin Radio and TV Tubes and Parts 1t Ciizen Band Equipment 
l v1 Amateur Equipment 
t - t idustrial Supplies 

Send for Lataye-tes FREE Catalog-the most complete, up. 
to-the-milute elSctronic supply catalog crammed full of every- 
thing in -electronics at our customary down-to-earth money- 
saving prices. 
CONTPINS_HUNDROS OF EXCLUSIVE LAFAYETTE ITEMS NOT AVAILABLE 
IN ANY OTHER CATALOG OR FROM ANY' OTHER SOURCE-SEND FOR 
YOUR COPY NOW! 

LAFAYETTE RADIO ELECTRONICS BBi CATALOG EiIV ZO,,/R 40Tw reran Tor 
o 

e.7i,dro4yy, , t,' teAYET?E .:..A, _ 0 j 

0.1%. liffizt 

P . 
11-12".-' --... __.. 

ia 

.. 

Our 40th _Year 

A "must"for the economy -minded hi-fi =enthusiast, expert- 
EASY PAY PLAN-the simplest, and quickest way to get what 

mentar, ltobtyist engineer, technician, student, serviceman and you want when you, want it. As little as T2 down ... up to 24 
deale-. - = months to pay, 

= - t 
5 5 

Cotamt-nIcatlons Receiver 
KT -200, Kit HE -10, Wired 

64.50 79.95 

RW-60 20,000 Ohms Pe* 
Volt Mültitester 

$13.50 

,121.gJIC31= 
Mail the 'coupon today for your 
FREE copy of Lafayette Radio's 
1961 catalog. 

--E-y5 Tube Checker 
19.95 

RK-40 2 -Speed 

Portable Tape Re ;carter 

49,50 

=I MS. 

TM -14 

Radio Field Indicate' 

6.95 

,.1k1 g 
®',__ Name 

Address 

HE-800WX 

Citizen Band Mobile Antenna 

6.95 
-r_, laa 11.11 

Lafayette Radio Electronics Corp. 
Dept 181-1, P.O. Box 190 

Jamaica 31, N. Y, 

Send me the FREE Lafayette 324 page 
1961 catalog 610 

City Zone State 

February, 1961 17 
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>{ PLANNING A CAREER IN ELECTRONICS? 
You'll find The MASTER will be 

your constant companion 
Whether your future in electronics is as an 
engineer or a service technician, you'll find that 
there's one reference source that will be a part 
of your everyday routine - THE RADIO - 
ELECTRONIC MASTER! The reason: it 
places the. entire world of electronics at your 
fingertips - all radio -TV -audio -electronic parts 
and equipment with descriptions, illustrations 
and prices. 

The MASTER shows complete details of latest 
ham gear, TV items, transistors, printed cir- 
cuits, stereo components, sub -miniature parts 
plus thousands of hard -to -locate items not usu- 
ally found in smaller, incomplete catalogs. 

If you're a hobbyist and assemble kits, hi-fi 
gear or your own ham station, you'll find that 
the 1,600 -page MASTER contains far more 
items than any other electronic catalog in the 
world-more than 175,000 items. What's more, 
you find. products more quickly because The 
MASTER is arranged in 32 product sections 
for easy reference. 

1961 MASTER 
WORLD'S LARGEST ELECTRONIC CATALOG 

2 95 at part distributors, or J send remittance direct 

The Radio -Electronic MASTER, 55 Sewell St., Hempstead, N. Y. 

Letters 
(Continued from page 16) 

And finally succumbed to a heavy jolt 
When he got what he thought was a micro -volt 

The Doc looked up from his microscope 
Turned to his colleague and softly spoke 
There's no trace of a brain that I can find 
He's a radar man with a micro -mind. 

ROY E. CURD 
Sacramento, Calif. 

Although we knew "The Radar Man" dated from 
World War II, Mr. Curd, we didn't know you 
wrote it. We're .sure our readers will appreciate 
having this information, as well as the opportunity 
to read the original version. 

A Lot of Power I I enjoyed the article on electric power in the 
November 1960 issue, but I think that the author's 
figure for power consumption in the United States 
in 1958 (160 million kilowatts) was much too low. 
I ust consider the power consumed by a single 50 - 

kilowatt AM broadcast station operating around 
the clock for a year. At average modulation, the 
transmitter consumes 100 kw., or 2400 kw. per day. 
For a year, that figure comes to about 875,000 ki o 
watts. Since there are about fifty 50 -kw. stations on 

the air clay and night, their power consumption 
would come to approximately 44 million killowatts 
a year, not including studio equipment. What do 
you say? 

ROY J. HUMPHREY 
Station KQ\' 

Pittsburgh, Pa. 

The author's figure indicated average hourly 
potential consumption, not actual total consump- 
tion for the year. Americans used 724,013,312,000 
kilowatt hours in 1058, but their total demand in 
any one hour could leave been as high as 1óo million 
kilowatts, as stated. 

Radio Paging Services 
I found your article on personal paging services 

("Your Shirt Pocket Goes Beep Beep") very inter- 
esting, but 1 would like to point out that one of 
the author's statements is misleading. 

Actually, the subscriber to the Bell Telephone 
System service doesn't go to the telephone and call 
the Mobile Service Operator. This was done in a 
few areas at first, but since the procedure was 
obviously in direct competition with local paging 
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How To 
Get an 

Accredited by the National 
Home Study Council 

good training 
doesn't cost ... 

if pays! 

An FCC License 
Or Your Money Back! 
Completion of the Master Course (both Sections) will 
prepare you for a First Class Commercial Radio Tele- 
phone License with a Radar Endorsement. Should you 
fail to pass the FCC examination for this license after 
successfully completing the Master Course. you will re- 
ceive a full refund of all tuition payments. This guaran- 
tee is valid for the entir'l period of your enrollment 
agreement. 

Get All Three Booklets ... 

"Successful 
Electronics 

Training- 

find out how .. 
1. You can handle the new electronic devices. 

2. You can solve the problems that stump your 
fellow technicians. 

3. Training is Job Insurance when employment is 
tough to find ... and more money for you when 
times are good. 

Get This Handy Pocket Pt. 
11c Commonly iaetl on'er+Ion (actor. 

Electronics Data Guide 
rorrnuia.. tnblce. .,, col- 
or n,ie,at ,n r 

FREE tree. Your 

fr ig.t oñ',.. 
No ru nher 

Cleveland Institute of Electronics 
1762 E. 17th St. Desk PE 74 Cleveland 14, Ohio 

(Cominércial) ;a 

Increase Your Technical Knowledge 
Get a government license plus an understanding of 
such electronic applications as computers . . . indus- 
trial electronics . . . radar . . . communications .. . 

and many more. 

a'successful.plan for ..._ 
Electronics Training 

+ .. 
oa 0pportunJtles 

Jr fCC ' frectronics 
lar 

You 

Cleveland Institute óf Electronics 
e 

1762 E. 17th St. Desk PE 74 Cleveland 14, Ohio 
r 

Please send Free Career Information Material pre- 
pared to help me get ahead in Electronics and a free 
copy of your "Pocket Elect:onics Data Guide." I 
have had training or experience in Electronics as 

indicated below: 
Military 
Radio -TV Servicing 
Manufacturing 
Amateur Radio 

Broadcasting 
Home Experimenting 
Telephone Company 

LI Other 

In what kind of work 
are you now engaged? 

In what branch of 
Electronics are you 
interested' 

Name Age 

Address 

City Zone State PE74 6.a 
February, 1961 19. 



for the money 
circuit by tubes by 

Amperex 

Bell engineers, preliminary to the design of their 
Carillon Model 6060, 2 channel, 60 watt Stereo 
Amplifier, canvassed the industry for tube types 
offering something truly exceptional in the way of 
reliability, low distortion, low noise, low hum and 
absence of microphonics. 

As has frequently been their experience, the peo- 
ple at Bell found these qualities best exemplified by 
Amperex tubes. Thus, the tube complement of the 
Bell Model 6060 includes two Amperex 6CA7/ EL34's 
and three Amperex12AX7/ECC83's in each channel. 

These and many other Amperex `preferred' tube 
types have proven their reliability and unique design 
advantages in the world's finest audio components. 

Write today for the Audio Designers Handbook, 
new 33 -page booklet featuring 14 pages of complete 
schematics of mono and stereo preamplifiers and 
amplifiers. Price, $1.50. Amperex Electronic Corp., 
Special Purpose Tube Division, 230 Duffy Avenue, 
Hicksville, Long Island, New York. 

OTHER AMPEREX TUBES FOR QUALITY AUDIO APPLICATIONS: 

POWER AMPLIFIERS: 6CA7/EL34 7189 6BQ5/EL84 
6CW5/EL86 6BM8/ECL82 

VOLTAGE AMPLIFIERS: 6267/EF86 12AT7/ECC81 
12ÁU7/ECC82 12AX7/ECC83 
6BL8/ECF80 

RF AMPLIFIERS: 6E58 6E05 6EH7/EF183 6E17/EF184 
6A08/ECC85 6DC8/EBF89 

RECTIFIERS: 6V4/E280 6CA4/EZ81 5ÁR4/G234 
INDICATORS: 6FG6/EM84 IM3/DM70 
SEMICONDUCTORS: 2N1517 2NI516 2N1515 IN542 

IN87A 

task'Ampéire$') 
'.' 

about hi-fi tubes for hi-fi circuitry 
20 

Letters 
(Continued from page 18) 

and answering services, the Bell people arranged 
to have their subscribers call only a prearranged 
number. 

In our radio paging systems, unlimited message 
service is provided along with instant paging, so 
that each subscriber, in effect, has an office for 
receiving and disbursing messages. (Our charge ís 
consequently $3.00 higher than Bell's.) We will be 
happy to supply complete information on our sys- 
tems to any of your readers who are interested 
in radio paging. 

RICHARD S. HUTNER, President 
Radio Page of America, Inc. 

Fort Wayne, Ind. 

Equations Evidently Erroneous 
It's probably a typographical error, but it seems 

to me that the equation on page 06 of "The Load 
Line Story" (November 1060) contains an in- 
correct symbol. It is shown as: 

Er_Eb-IPRP 
where Re would probably be interpreted to mean 
plate resistance of the tube. I believe the equation 
should read: 

EP =Eh -IPRL 

where RL is the load resistance. This means that the 
plate vo tage is equal to the supply voltage less 
the drop in the load resistor. 

JAMES E. MARTZ 
Milan, Ohio 

I believe I have spotted an error in your October 
1960 article on Wheatstone bridges. In discussing 
the capacitance bridge illustrated in Fig. 2 (page 
84). the author arrives at the equation: 

This should be: 

Cx=(Cs x Ri)/R2 

Cx=(Cs a R2)/ RI 

EDSON R. DETJEN 
Wilmington, Del. 

Right you are, sirs. We're glad to hear that our 
readers know how to derive equations-as you 
both have (lone. 

"T -R" Mix -Up 
In the October 1960 issue, there is a block dia- 

gram of an EICO Citizens Band Transceiver (page 
87). Can it be that the switch at the output of 
the audio stage is labeled incorrectly? It looks as 
if the 'T" for transmit and the "R" for receive 
should he reversed. 

JACK C. LEWIS 
Hodgenville, Kv. 

The answer to your question, Jack, is "yes." The 
switch is improperly marked. Thanks for calling it 
to our attention. 30 
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NR 
ABOVE AVERAGE INCOME 

AVERAGE INCOME 

MOS. 
pS1ETl 41 

.1= Tt5.HNICIAN 

lIC IT0 

SUCCEED SUCCEED IN MANY HIGH -PAYING 
JOBS LIKE THESE... 

TV -Radio Sales, Service and Repair 
Profitable Business of Your Own 

Communications Technician- F.C.C. License 
Hi -Fl, Stereo & Sound Recording Specialist 
TV -Radio Broadcasting Operator 
Technician in Computers & Missiles 
Electronic; Field Engiineer 
Specialist in Microwaves & Servomechanisms 
Expert Trouble Shooter - 

All -Phase blaster Technician 

NATIONAL' . SCHOOLS 
War/O-W. rauNMG SINCL 1905 

1000 SO. FIGUEAOA ST., LOS ANGELIS 31, CALIF., U. S. A. 

Write Dept. R2G-21 

RAINING AT LO -S ANGELIS 

' wish sh t Eyo0 

[rto 
taketrain Nor ng in our 

'Resident Schoei at Les 1"1110, sun 

'Now is our Al(, modern Shops. and Labs. 

l Work with the latest Auto End Diesel 

' {NNA 
N. - All apes - fuel injection. au- 

tmtic tontnussious, ill po.tr 'Strip. 

Imerit - most complete Icilit3t offered 

Ot ant seho0l. towel, trienelt instruct 

turf. Gradual! [mpletmtnl sere te. Help 

In finding home ne or school - and pars 

3 time job while you team 

' WRITE FOR SPECIAL RESIDENT SCHOOL 

CATALOG. AN5,INFORM.T10N.. . 

N.T.S. H]ME TRAIRIING is 
Clamroem Developed,. 

Lab 
ACTUAL LESSON ec 

-Studct Planned 51- 

III.. 6e Mail Now To 

pe.ifimlly Designed' for - - J 4000 S. Figueroa St., LOU Angeles 37, Calif. ( 
for Horne Stucy i t ' ' 

ACCREDITED MEMtER 
. the only n ovally 

recognised 
c 

redilinq 
ogency forpr,vole 

home slady «hool,. 

Shcp-Testes 

i 
LECTRONIC 

TV -RADIO 
1 - 

START NOW! Break through the Earning Barrier that stops 
half -trained men. N.T.S. "All -Phase" training prepares you - 
at home in spare time - for a high -paying CAREER in Elec- 
tronics - TV - Radio as a MASTER TECHNICIAN. One Master 
Course at One Low Tuition trains you for unlimited opportuni- 
ties in All Phases: Servicing, Communications, Preparation 
F.C.C. License, Broadcasting, Manufacturing, Automation, 
Radar and Micro -Waves, Missile and Rocket Projects. 

A more rewarding job ... a secure 
future ... a richer, fuller life can 
be yours! As an N. T. S. MASTER 
TECHNICIAN you can go straight to 
the top in industry ... or in your 
own profitable business. 

19' BIG KITS 
YOURS TO KEEP 

N.T.S. Shop -Tested HOME TRAIN- 
ING is Better, More Complete, 
Lower Cost , . , and it is your key 
to the most fascinating, opportu- 
nity -filled industry today! 

YOU LEARN QUICKLY AND EASILY 
THE N.T.S. SHOP -TESTED WAY 

You get lessons, manuals, job proj- 
ects, unlimited consultation, gradu- 
ate advisory service. 
You build a Short Wave -Long Wove 
Superhet Receiver, plus a large - 
screen TV set from the ground up, 
with parts we send you at no addi- 

You;, work on 

actual job 
- projects 

1-)-.I .41"1,-..0. 
i.' '''';,;,.. ..11 

1, Free book 

gives you all the` facts. 

tional cost. You also get a Profes- 
sional Mullitester for your practical 
job projects. 

EARhI AS YOU LEARN... 
WE SHOW YOU HOW! 

Many students pay for entire tuition 
-and ecrn much more-with 
spare time work they perform while 
training. You can do the same ... 
we show you how. 

SEND FOR INFORMATION NOW... 
TODAY! IT COSTS YOU NOTHING 

TO INVESTIGATE. 

MAIL (,NATIONAL T" SCHOOLS (35 
COUPONWORLD -W IDE TRAINING SINCE -1905 

Inlusty-Apprived M" `_i" NOW II 
$ 

'FREE BOOK q 
- 1 

I 

National Tel hnical S:hools, Dept. R2G-21 

"1"" 1"". ACTUAL Name Age 1 

v.doom. 
. ;LESSON : , Address ' 

City Zone State . 

NO OBLIGATION! I Check here If Interested OILY in Resldnt Training at LOS Angeles. t.1 
% VETERANS: Give date of disctarge 

ENO SALESMAN WILL CALL. ° 

7 Please rush FREE Electronics - 
TV -Radio "Opportunity' Book and Actual I , - °aMd Lesson. No Salesman will call. 



prOdu CtS 
LEATHER TOOL CASE 

If you dig through a jumbled mess every 
time you need something from your tool 
box, here's an item that should interest 
you. It's an Xcelite leather case that 

° iii A ; 
ri 

ioó i 
' `s 11 I 

o r . lk 

holds up to 40 tools individually (by 
leather thongs). A felt -type lining pro- 
tects tool finishes and handles. For more 

information, request Bulletin 1060 from 
Xcelite, Inc., Orchard Park, N. Y. 

"TRI-TAP" TOOL 
When threads wear and the screws that 
hold that favorite gadget of yours to- 
gether won't stay in place, this handy 

V1 N11e 

w , 

little tool will take care of them. Made 
of heat -treated high -carbon steel, the 
CBS "Tri-Tap" will tap new threads or 
renew old ones.. It combines the three 
most popular tap sizes -6-32, 8-32, and 
10-32. (CBS Electronics, Danvers, Mass.) 

P -C BOARD CAPACITOR 
The ESS-7515 capacitor is an exact re- 
placement for any one of eight dual 150 - 
volt electrolytics commonly used on radio 

A New Kind of Wireless Communication System 

hñ'apko'w 
SENDS YOUR VOICE HUNDREDS OF YARDS 

ON A BEAM OF INVISIBLE LIGHT! 
Simply aim and talk! Hold telephone -like, two-way 
conversation anywhere within line of sight .. indoors 
or out ... day or night ... without wires. A startling 
new development from one of the country's leading 
scientific laboratories, the Infraphone is based on the 
new technology of infrared, used in missiles and satel- 
lites and for secret communication by the Armed 
Forces. The ideal wireless phone for work, play or 
sport. Infraphone is simple to use, reliable and educa- 
tional. Talk house -to -house (even through closed win- 
dows), between moving vehicles, ship -to -shore, in 
crowds regardless of noise. 

Each phone is a self-contained transmitter -receiver. Range is seo. 
eral hundred yards with telephone -like clarity. "Voice detector" is 
a photoconductor sensitive to infrared radiation. Infraphone uses 
flashlight batteries and bulb for absolute safety. Transistorized 
printed circuit amplifier is ready for instant use - provides full 
range output to dynamic earphone speaker. Only batteries and bulb 
ever need replacement. Housing is high -impact styrene. NO WIRES - NO EXTERNAL POWER REQUIRED - NOT SUBJECT TO GOVERN- 
MENT REGULATION. 

Available from your local electronics distributor or write to: 

3995 
PER SET OF 

INFRARED INDUSTRIES, INC., P.O. BOX 42, WALTHAM 54, MASS. 
TWO 

less batteries 
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and TV printed -circuit boards. It will 
replace a 50/30-µf., 70/30 -pf., 75/30-4., 
60/40-p f, 80/40-µf., 50/50-µf., 70/50-u.f., 

or 80/50-1f. electrolytic. Price, $2.00. 
(Cornell-Dubilier Electronics Div., Fed- 
eral Pacific Electric Co., 333 Hamilton 
Ave., South Plainfield, N. J.) 

BASIC RADIO KIT 
The Heathkit EK-2A educational kit is 
designed to give both youngsters and 
grown-ups an introduction to basic radio 
theory. In the course of learning, you 
build a crystal radio, improve it, and 
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finally wind up with a sensitive regen- 
erative receiver. Price, $19.95. (Heath 
Company, Benton Harbor, Mich.) 

TRANSISTOR TESTER 

Designed for transistor -radio servicing, 
the Sencore "Transi Master" TR110 will 
check transistors both in and out of cir- 
cuit. In -circuit units are given an a.c. 
test for gain; out -of -circuit units receive 
a d.c. gain and leakage check. Built into 
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the tester is an r.f.-a.f. signal generator 
and voltmeter-milliammeter for trouble- 
shooting purposes. The Transi Master is 
supplied with a test probe that connects 
February, 1961 

to all three leads of a transistor at one 
time, and a mirrored -top case for ease 
in checking printed -circuit boards. Price, 
$49.50. (Sencore-Service Instruments 
Corp., Addison, Ill.) 

THERMO WIRE STRIPPER 
With the aid of a wire stripper announced 
by Ungar Electric Tools, 4101 Redwood 

Ave., Los Angeles 66, Calif., you can 
strip insulation from wire while solder- 
ing. The stripping clip fits onto the bar- 
rel of a soldering tip, and will melt all 
rubber or plastic insulation from 8- to 
24 -gauge wire without nicking or scoring 
the strands. Clips are available in three 
different shapes at 75 cents each. 

RECORD AND TAPE STORAGE FILE 

Slide -out "Quick -See" album files for 
storing tapes and LP and 45 -rpm records 

are being offered by Kersting Mfg. Co., 
504 S. Date Ave., Alhambra, Calif. De- 
signed for installation in cabinets, clos- 
ets, or shelves, the units are available in 
models holding from 70 to 125 12" LP's. 
Prices range from $10.95 to $15.95 for a 
black finish, and from $11.70 to $16.70 
for brass or copper; adjustable back 
rests cost from 60 to 75 cents. 30 
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iIi Bookshelf 

"MOST -OFTEN -NEEDED 1961 TELE- 
VISION SERVICING INFORMATION," 
Volume TV -18, compiled by M. N. Beit- 
man. Published by Supreme Publications, 
1760 Balsam Rd., Highland Pk., Ill. Soft 
cover. 192 pages. $3.00. 

Like other Supreme manuals, this vol- 
ume-the TV-18-is loaded with service 
information and is a "must" for every 
serviceman. Dozens of schematics, parts 
layouts, printed -circuit board layouts, 
alignment notes, etc., cover the bulk of 
1961 TV sets, from Admiral to Zenith. 

© 
"REPAIRING TRANSISTOR RADIOS," 
by S. Libes. Published by John F. Rider 
Publisher, Inc., 116 W. 14 St., New York 
11, N. Y. Soft cover. 168 pages. $3.50. 

Many competent technicians are con- 

fused when it comes to servicing tran- 
sistor radios-they understand the 

action of vacuum - 
tube circuits, but 
transistors "throw 
them." This book 
covers the operat- 
ing theory of tran- 
sistors and tran- 
sistor circuits, espe- 
cially those found 
in superheterodyne 
receivers. The va- 
rious superhet ele- 
ments (oscillators, 
audio amplifiers, 

(, ....m........ power amplifiers, 
etc.) are discussed, 

and the chapters are sprinkled with sche- 
matics and test -procedure charts. Also 
included is a transistor -interchangeabil- 
ity chart. 

TRANSISTO° 

.' 

anS 

"101 KEY TROUBLESHOOTING WAVE- 
FORMS FOR HORIZONTAL AFC -OSCIL- 
LATOR CIRCUITS," by Robert G. Middle - 

NOW YOU CAN SECURE A 
HIGH. SALARIED .TOP PRESTIGE 
CARE.E'R1NN- ELECTRONICS 

:1111 -'ONLY ONE YEAR! ° 

ELECTRONICS is the fastest growing industry in America today, creating 
unlimited opportunities for high salaries, with rapid advancement in 
INDUSTRY AND THE ARMED FORCES for Bailey Trained electronic 
engineering technicians. 
LARGE CORPORATIONS from coast to coast, and BRANCHES OF THE 
ARMED FORCES send recruiters to visit each graduating class at Bailey 
Tech, offering unusually high starting salaries. 
BAILEY 'GRADUATES ARE BEING HIRED for such fascinating and inter- 
esting work as technical salesmen, research and development of guided 
missiles, electronic business machines and automatically controlled 
manufacturing plants, etc., also good RATINGS IN THE ARMED FORCES. 
UP TO SEVEN TECHNICIANS are needed for every engineer... this, plus 
superior training is why Bailey Graduates are being paid moré to start, 
and are advancing more rapidly than many men who have spent four 
years in training. 
Resident training is easier and costs less than 
you may think! We provide housing and part- 
time jobs while in school, plus free nation- 
wide employment service for graduates. If you 
want to quickly enter America's fastest grow- 
ing and most exciting industry, write for free 
booklet ... no obligation. 

VETERAN APPROVED 

BAILEY TECHNICAL SCHOOLS 
1625 5. Grand St. Louis 4, Mo. 

r 

k 

This Minneapolis -Honeywell system 
controls hundreds of automatic man-' 
ufacturing operations. Experience 
on live equipment is emphasized ati 
Bailey and is another reason for the 
tremendous backlog of high pay posi- 
lions waiting BAILEY GRADUATES. 

MAIL TODAY 
Please mail immediately this free booklet without obligation 

U FUCTRO'h 
NIfS 

who 

AUTOMATION 

Name 

Address 

City State 
L 
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/.ILL/ED value -packed 1961 
444 -PAGE ELECTRONICS CATALOG 

including special products 
available only from Allied 

LI 
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Y- ALL/Ell exclusives: 
MONEY -SAVING KNIGHT -KITS() -truly the very best 
in build -your -own electronic equipment-lowest 
in cost, easiest to assemble, best for performance. 
Select from a complete line of Stereo hi-fi kits, 
Hobbyist kits, Test Instrument and Amateur kits. 
KNICIIT-KITS are an exclusive ALLIED product. 
KNIGHT() STEREO HI-FI-Comparable to the best in 
quality, styling and performance, yet priced far 
lower. Select super -value KNIGHT components or 
complete systems and save most. Also see the Ir osronlee largest selections of famous -name hi-fi compo- 40,1 
nents and money -saving ALLIED -recommended 

SAVE MOST ON 
EVERYTHING IN (ELECTRONICS 

complete high-fidelity music systems. 
Exclusive Allied products save you more It 

ALLIED RADIO, Dept. 109-B1 
100 N. Western Ave., Chicago 80, III. 

Send FREE 1961 Allied Catalog No. 200 

ALLIED RADIO 
Satisfaction Guaranteed or Your Money Back 

World's Largest Electronic Supply House 

our 40th year 

New Stereo Hi -Fi Systems- 
Everything in Hi -Fi Components 
Money -Saving, Build -Your -Own 
KNIGHT -KITS® for Every Need 
Best Buys in Recorders & Supplies 
Newest Public Address Systems, 
Paging and Intercom Equipment 
Amateur Receivers, Transmitters 
and Station Gear 
Citizen's Band 2 -Way Radio 
Test and Laboratory Instruments 
TV Tubes, Antennas, Accessories 
Huge Listings of Parts, Tubes, 
Transistors, Tools, Books 

BUY ON EASIEST TERMS 
only $2 down on orders up to $50; 
only $5 down on orders up to $200; tí 

only $10 down over $200. 
Up to 24 months to pay. .. 

You get every buying advantage at ALLIED: 
Lowest, money -saving prices, fastest shipment, 
expert personal help, easiest -pay terms, sat- 
isfacRon guaranteed or your money back. 

send coupon today 
for 444 -page catalog Tree 

Aloe 

Name 
P[[/S[ PRIMr 

Address 

City Zone State 

February, 1961 25 
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Nereí 
peg 
news 

The Sensational BOZAK 

B-800 FULL -RANGE SPEAKER 
(PATENT PENDING) 

is yours for only $45.001* 
An 8 -inch speaker of unique design, the B-800 
provides unbelievably fine music and voice 
reproduction over a frequency range of 50 
to 15000 cycles! Its clean bass, detailed mid- 
range, and smooth highs combine to give excep- 
tional transient response and full -range musical 
sound quality never before attained in a single 
speaker. 

You'll be proud to own it! Now you can bring 
real Bozak musical sound into your home at 
truly moderate cost! 

and, THE BOZAK B-801 
SPEAKER SYSTEM 
a B-800 Full -Range Speaker mount- 
ed in a handsome, well-built enclo- 
sure is only $89.50* 

Thousands who heard this instrument at the 
New York and other High Fidelity shows were 
amazed at its musical quality and delighted with 
its price! You'll agree that it's the biggest bar- 
gain ever in really fine sound! 

Hear this great new speaker soon 
at a Bozak Franchised Dealer! 
*SLIGHTLY HIGHER IN SOUTH AND WEST. 

DARIEN, CONN. 

} THE VERY BEST IN MUSIC 

ñiY::fó.',0«>:9.<4.:: 
11 

Bookshelf 
(Continued from page 24) 

ton. Published by Howard W. Sams & 

Co., Inc., 1720 East 38th St., Indianapolis 
6, Ind. 128 pages. Soft cover. $2.00. 

Trouble -shooting horizontal a.f.c.-oscil- 
lator circuits successfully can only be 
done by correctly 
analyzing oscillo- 
scope waveforms. 
In the latest of Mr. 
Middleton's "101" 
series, 101 wave- 
form diagrams are 
presented and ex- 
plained in detail. 
Backed up with FOR HORIZONTAL 

many typical sche- AFC -OSCILLATOR 

matic diagrams, the ' CIRCUITS 

text discusses the 
normal operation 
of horizontal a.f.c.- 
oscillator circuits 
and how to detect and isolate the vari- 
ous causes of failure. Recommended for 
the TV serviceman. 

KEY 

Free Literature 

A 24 -page catalog prepared by the 
Jensen Manufacturing Company de- 
scribes its line of loudspeakers, cabi- 
nets, and kits-and also gives helpful 
hints on planning a complete speaker 
system. Write to the Jensen people at 
6601 S. Laramie Ave., Chicago 38, Ill., 
for your free copy. 

Model builders and radio -control ex- 
perimenters will be interested in a new 
catalog chock full of bargains. Just send 
a letter and a four -cent stamp (to cover 
the cost of mailing) to America's Hobby 
Center, Inc., 146 W. 22nd St., New York 
11, N. Y. 

A four -page brochure describing in- 
dustrial sound systems can be obtained 
from North American Philips Co., High 
Fidelity Div., Commercial Sound Dept., 
230 Duffy Ave., Hicksville, L. I., N. Y. 
Among the individual N.orelco products 
covered are amplifiers, preamplifiers, 
delayed -sound equipment, intercom sys- 
tems, loudspeaker columns, and micro- 
phones. -El- 

26 Always say you saw it in-POPULAR ELECTRONICS 



CREI's extension 

program in 

advanced electronic 

engineering technology 

offers you ... 

higher status & better income 
The CREI home study program is designed 

to meet your present and future employment 
needs and to increase your professional status 
and earning power. The program-which is 
comparable in technological content to ad- 
vanced residence courses in electronics-was 
developed hand -in -hand with leading companies 
and Government agencies in electronics, com- 
munications, missiles and space exploration. 

The courses are presented in easy -to -under- 
stand format, and our experienced instructors 
guide your progress step by step. The program 
may be completed in 2 to 4 years, depending on 
how much spare time you can devote to study. 
CREI brings you the latest advances 
and breakthroughs in electronics. 

Recent advances and new techniques have 
placed tremendous importance on how modern 
and up-to-date the individual's education is. 
Recognizing this, CREI maintains a large staff 
of engineers and scientists who occupy promi- 
nent positions in government and industry. 
These men continuously revise the CREI pro- 
gram and incorporate all new technical infor- 
mation and breakthroughs. CREI courses are 

the most modern you will find . . . anywhere. 
This is one reason wily the demand for CREI 

graduates and students at the CREI Placement 
Bureau has far exceeded the supply for the past 
several years. 

!CREI curricula is accredited by the Engi- 
neers' Council for Professional Development. 

* U. S. Office of Education lists CREI as "an 
institution of higher education." 

* More than 20,500 students are enrolled in 
CREI Home Study and Residence Programs. 
More than fifty of America's leading com- 
panies and government agencies pay the 
tuition for their employees studying with 
CREI. 

YOU QUALIFY FOR CREI if you have a high 
school diploma or equivalent, and if you have 
had basic electronic training or practical ex- 
perience in electronics. 

NEW 56 -Page Catalog Discusses Electronics 
Industry, Its Dynamic Future, Recent Break- 
throughs, Career Opportunities, CREI Courses. 

Mail This 
THE CAPITOL RADIO ENGINEERING INSTITUTE ECPD Accredited Technical Institute Curricula Founded 1927 Dept. 1202-H.3224 16th St., N.W., Washington 10, D.C., U.S.A. England: CREI London, Granville House, 132.135 Sloane Street. London S.W. 1, England 
Please send me your course outline and FREE 56 -Page Book. "Your Future in Electronics and Nuclear Engineering Technology" ... describing opportunities and CREI home study courses. 

12 Radar, Servo and Computer Engineering Technology 
Electronic Engineering Technology Check field Communications Engineering Technology of greatest Television Engineering Technology interest Aeronautical Electronic Engineering Technology 
Automation and Industrial Electronics Engineering Technology Nuclear Engineering Technology 

Name Age 
Street 
City Zone State 

I Check: I -tome Study Residence School Korean Veteran 

February, 1961 
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Coupon Today! 
1 

To obtain fast, immediate 
service and to avoid delay, 
it is necessary that the fol- 
lowing information be filled 
In: 

Employed by 

Type of Present Work 

Education: 
Years of High School 

Other 

Electronics Experience 
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VLL 
1st choice of 
amateurs the 
world over! 

loaded with features ... kit or wired! 

find new 
adventure in 

aníateur- 

radio... 

ADVENTURER-SO 
watts CW input 80 
through 10 meters. 
240.181-1.. ...Kit 
Am. Net ...$54.95 

FREE 
CATALOG 

RANGER -75 watts 
CW input; 65 watts 
phone -160 through 
10 meters. 
240-161-2 Kit 
Am. Net...$229 50 
240 161-1... Wired 
Am. Net...$329.50 

)y' 1 

VALIANT -275 watts 
CW and SSE; 200 watts AM -160 
through 10 meters. 
240-104-2 Kit 
Am, Net... $349.50 
240-104-2... Wired 
An,. Net... $439.50 

Complete speci- 
fications and 
schematics on all NAME 
Johnson trans- 
mitters, ampli- 
fiers, station 
accessories, keys 
and practice sets! CITY 

E. F. JOHNSON CO..1233 

2nd Ave. S.W. Waseca, Minn. 

ADDRESS 

STATE 

WHO NEEDS 

ThLES0F WIRE? 
GET HOME ELECTRICITY 

IN CAR, BOAT, PLANE 
WITH A 

..&:;b3,- POWER 
CONVERTER 

Change battery current to 110 volt, 
60 cycle A.C. 

No installation-just plug into ciga- 
rette lighter of car, truck, or boat, e and it's ready to go! Q 
Operate tape recorders, elec- 
tric shavers, dictation ma- 
chines, record players, small, 
electric tools, portable TV, and 
testing equipment. 

Models from 15 to 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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AS THE NEW YEAR gathers steam, 
more and more stereo/hi-fi products 

are making their way to your local deal- 
er's shelves. We don't have room to talk 
about every one of them, but you'll find 
many of the more interesting items dis- 
cussed below. Write directly to the manu- 
facturers for additional information- 
names and addresses are given at the 
end of this column, on page 32. 

If you're a tape fan, you'll want to in- 
vestigate the "Quik-Cue" contact tabs 
made by W. H. Brady. Applied to any 
standard recording tape, the tabs can be 
used to actuate a relay either to shut 
off the tape recorder or reverse and re- 
peat the program.... Precise FM tuning 
is a semi -automatic operation with the 
Fisher FM -200 tuner. Touch the tun- 
ing knob and the a.f.c. automatically 
clicks off, permitting precise tuning for 
maximum signal. Remove your hand from 
the knob, and the a.f.c. clicks back on, 
holding the tuner spot on frequency. The 
FM -200 incorporates the ultra -low -noise 
"Golden Cascade" r.f. stage and makes 
use of five limiters to achieve an almost 
unbelievable 1.5-db capture ratio. Price 
of the FM -200, $229.50. 

The old changer -vs. -player argument 
has been all but ended with the Garrard 
Type A player. A dynamically balanced 
tone arm, a professional turntable, and 
an automatic record -changing mecha- 
nism are successfully combined in a 
unit that is both a manual player and a 
fully automatic record changer. Dis- 
tributed by British Industries, the Type 
A reduces wow and flutter to miniscule 
proportions with a 6 -lb. cast and pol- 
ished turntable and Garrard's newly de- 
veloped "laboratory series" motor. Price, 
$69.50, less cartridge.... Designed as a 
companion unit for the AJ-30 stereo 
tuner, Heath's AA -100 stereo amplifier is 
basically a redesign of the company's 
popular AA -50. Specifications -25 watts 
per channel from five separate stereo in- 
puts-are the same for both the AA -50 
and the AA -100, but there are big differ - 
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ULTRA -COMPACT SPEAKER SYSTEMS 

in kit form '. 

Now Electro -Voice takes the mystery out of ultra -compact 
speaker systems. No longer are the components a "sealed" secret. 
You see what you get, know what you get, and enjoy the fun and 
economy of building your own speaker system. All the materials' 
and instructions you need are included in the package. These new 
kits are exactly the same as the carefully -designed, assembled 
systems currently sold by Electro -Voice. Systems that 
produce a clarity of sound that enable you to feel the deepest 
bass, marvel at the effortless Clarity in the midrange, and 
delight in the brilliant definition of the upper harmonics. 

Ir 

Performance Depends on Component Quality 

Within each Electro -Voice system, every component is engineered to 
complement perfectly the others with which It Is used. Some of the 
outstanding features you'll be receiving are illustrated in the cutaway 
view of the Esquire 200 featured above: (1) Substantial magnetic circuits 
for maximum sensitivity, power handling capacity, and uniformity of 
response. (2) High compliance viscous damped cloth suspension for 
smooth response and low resonant frequency. (3)Edgewise-wound voice 
coil for most effective use of available magnetic energy. (4) Die-cast 
frames for greatest reliability of performance. (5) True electrical cross- 
over, at exceptionally low frequency of 200 cycles, to minimize all forms 
of distortion associated with the use of woofers covering the midrange. 
(6) Midrange speaker in a totally isolated cavity for outstandingly uniform 
response throughout the range over which it is employed. (7) SonophaseS 
throat structure and integral diffraction horn to give virtually unequalled 
high frequency response range, with excellent coverage of the whole 
listening area. (8) Two level controls which permit exact adjustment of 
response characteristics to personal taste and individual acoustic 
environments. 

N. "= 

r 

A Variety of Prices and Performance 

The Esquire 200-Now the value -packed Esquire is available in three 
different forms... the handsome Esquire 200, the economical unfinished 
Esquire 200 Utility and the new Esquire 200 Klt. Each is a full three-way 
system with a 12" woofer, 8" cone -type mid -range speaker and E -V Super 
Sonax very -high -frequency driver. Esquire 2J0-14- high x 25 wide x 13'" 
deep. Hand -rubbed Walnut, Mahogany or Limed Oak $133.00. Esquire 200 

Unfinished Fir Utility -14- high x 23'/,- wide x 1:' deep $107.50. Esquire 200 
In easy -le -assemble Kit form -14" high x 23'/," wide x 12" deep $93.00. 

The Regal 300-A premium -quality, three-way system utilizing the finest 
quality components to assure the best sound possible in a small -sized 
system. Deluxe 12" woofee, a Deluxe 8- cone -type midrange speaker, and 
a compression -type, diffraction horn -loaded very -high -frequency driver. 
14" high o 25- wide x 13'/," deep. Walnut, mahogany, or limed oak $179.00. 

Unfinished fir $149.00. In Easy -to -assemble flit Form $125.00. 

Consumer Products Division 17,e,C, f/ e rea 
Dept. 2P, Electro.Vmce, Inc., Buchanan, Michigan 



Showcase 
(Continued from page 28) 

ences in appearance. Housed in a rugged 
steel case covered with a luxurious lug- 
gage -tan vinyl, the AA -100 employs 
unique refracted lighting to softly illumi- 
nate its entire plastic -faced control 
panel. Kit price is $79.95; a fully wired 
model (the WAA-100) sells for $139.95. ... Ever hear of a complete stereo rec- 
ord booth that occupied only a few feet 
of counter space? Sargent-Ruyment 
thinks it has one in its new "Binaphone" -a demonstration unit combining stereo 
amplifier, stereo headphones, and a man- 
ual turntable with a stereo cartridge. 

Powerful enough to drive any speaker 
system, yet simple enough for the ama- 
teur kit -builder, H. H. Scott's LK-72 
amplifier kit is a perfect match for its 
LT -10 tuner. Four 7 951 output tubes de- 
liver 36 watts per channel through over- 
sized (12 -lb.) output transformers. To 
make assembly even more of a breeze, 
the LK-72 is supplied with pre-cut and 
pre -stripped hookup wire. Price, $149.95. 

... Amplifiers, phonographs, and tuners 
slide smoothly out of the way when 
mounted on easy -to -install "Fonoslides" 
offered by Selby. Permanently lubri- 
cated, the slides are precision -engineered 
for vibrationless performance even under 
loads as great as 60 pounds. Prices vary 
with track and channel lengths. ... With 
an output of 36 watts per channel, Sher - 
wood's S-5000 II stereo power amplifier 
provides up to five modes of operation 
(stereo, reverse stereo, mono 1, mono 2, 
and mono 1 and 2 ). New 12-db per oc- 
tave scratch and rumble filters are effec- 
tive on all channels, and the unit has pro- 
visions for the popular third -channel 
output. Price, $199.50.... Greater com- 
pliance and cleaner high -frequency re- 
sponse are features of two Shure car- 
tridges, the M7-N21D and M3-N21D. 
Essentially improved versions of the 
M7D and M3D models, they are intended 
for use in tone arms tracking at 2 grams 
or less-such as the M232 (12") and 
M236 (16") arms. (The older M7D and 
M3D cartridges are still manufactured 
for arms requiring heavier tracking 
pressures.) Unmounted, the cartridges 

BREAKTHROUGH in KIT DESIGN! 
H. H. Scott takes totally new approach ... makes kits easier -to -build, better -performing! 

É1=r'0 t7. _ ^p.. 
' 
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LK-72 72 -Watt Stcrco Complete Amplifier kit (left), $149.95,LT-10 Wide -Band FM Tuner kit (9.2µv sensitivity), $59.95.* 

BREAKTHROUGH! Here, for the first time, are kits with the performance. 
features and handsome good looks of H. H. Scott factory -assembled 
components . kits so expertly designed that you can achieve pro- 
fessional results in just a few hours. 
Look at these innovations: g, All mechanical parts such as terminal 
strips and tube sockets are firmly pre -riveted to chassis. a Every wire 
and cable is already cut to exact length and pre -stripped. O Electronic 
parts are mounted on special cards in order used. td Full color diagrams 
in easy -to -follow instruction book reduce errors. 0 New Kit -Pak con- 
tainer acts as worktable. 
See new H. H. Scott amplifier 
settle for less ? 

and tuner kits at your dealer. Why 

i H:H: SúOTT 
H. H. SCOTT Inc. Ill Powdermill Rd., Maynard, Mass. 

Rush me complete technical specifications 
on H. H. Scott kits. Include your new 
"1961 Guide to Custom Stereo." 520-02 

Name 
Adrlrens 
City 7one_State 
* Prices slightly higher West of Rockies. 
Export: Telesco International Corp., 171 Madi- 
son Ave., N. Y. C. 
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Very Hot News . 

from halIkráftirs 
Two great new kits... a complete, high-performance AM/CW station 

tram the world's most experienced designers of short lie equipméa t 

HALLIFITS, we call them-a completely 
new connpt of kit engineering that brings 
to your vorkshop, for the firs, time, these 
two outstanding advantages: 

First, the unparalleled design experience 
of Hallicrafters' communications labora- 

'" 
h 

- 
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HT -40 TRANSMITTER, $79.95 
A perfect match for the handsome SX-140, both 
in quality and appearance. Hallicrafters' trans- 
mitter leadership is evident in every precision - 
engineered feature of this crystal -controlled 
75 -watt beauty-features as important to old- 
timers as they are to novices. 

FEATURES: You get excellent CW perform- 
ance as well as AM. Full band switching, 80 
through 6 meters. Enjoy easy tune-up and 
crisp, clean styling that has efficient opera- 
tion as well as appearance in mind. Unit is 
fully metered, TVI filtered. 
SPECIFICATIONS: Maximum D.C. power in- 
put: 75 watts. Power output in excess of 35 
watts CW, 30 watts peak AM phone. (Slightly 
less on 6 meters.) Frequency bands: 80, 40, 
20, 15, 10 and 6 meters. 
TUBES AND FUNCTIONS: 6DQ5 power 
output; 6CX8 crystal oscillator and driver; 
12AX7 speech amplifier; 6DE7 modulator; 
silicon high voltage rectifiers. 

*FRONT PANEL: Function (AC off, tune, 
standby, AM, CW); Band Selector (80, 40, 
20, 15, 10, 6); Drive control; Plate tuning, 
plate loading, Crystal-V.F.0.; Grid Current; 
Meter; AC indicator light; RF output. 
REAR CHASSIS: Microphone gain; antenna 
co -ax connector; remote control terminals; 
AC power cord. 

hallikits from 

tories; and second, proluction-line proof of 
"Constructability" befcre you buy. 

llave a wonderful time! Save a bundle cl 
money! End up with a station the most ex- 
perienced amateur would be proud to ca] 
his own. 

'- 
1. 

I 
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SX-140 RECEIVER, $94.95 
Doesn't it make sense to team up your skill 
with the experience of a company who has de- 
signed and built more high-performance receiv- 
ers than any other in the world? Especially when 
the result is the lowest -priced amateur band re- 
ceiver available? 

FEATURES: You get complete coverage of 
all amateur bands 80 through 6 meters, with 
extremely high sensitivity and sharp selec- 
tivity. Unit has RF stage; S -meter; antenna 
trimmer; and XTAL calibrator. Tuning ratio 
is 25 to 1. 

CONTROLS: Tuning; Antenna Trimmer; 
Cal. Reset; Function (AC off, standby, AM, 
CW-SSB); Band Selector; Cal. on/off; RF 
Gain; Auto. Noise Limiter on/off; Selectivity 
/BFO; Audio Gain; phone jack; S -meter Adj. 

TUBES AND FUNCTIONS: 6AZ8 tuned RF 
amplifier and crystal calibrator; 6U8 oscilla- 
tor and mixer; 6BA6 1650 kc. IF amplifier 
and BFO; 6T8A 2nd detector, A.V.C., ANL 
and 1st audio; 6AW8A audio power ampli- 
fier and S -meter amplifier; (2) silicon high 
voltage rectifiers. 

Both units are available fully 
wired, and tested. SX-140, p $109.95. HT -40, $99.95. 

h allicrafters 
Chicago 24, Illinois 

.. , where the new ideas in ~milk a4ions are óorn! 

a 

Export Sales: International Div., Raytheon Co., Waltham, Mass. Canada: Could Saks Co., Montreal, P.Q. 
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NOW WITH«. 
OMNI-BALANCE 

ANY REK-O-KUT TONEARM CAN 
BE ADJUSTED FOR PERFECT 
BALANCE IN ALL PLANES..: 
WITH ALL CARTRIDGES! 
Omni -balance* a new develop- 
ment of Rek-O-Kut engineers . 

adds to your Rek-O-Kut tone 
arm a precision lateral bal- 
arce adjustment which will 
MINIMIZE GROOVE JUMPING / 
REDUCE ACOUSTIC FEEDBACK 
UP TO 4 DB / MECHANICALLY'; 
EQUALIZE REPRODUCTION OF 

THE TWO STEREO CHANNELS /_/ 
GREATLY REDUCE GROOVE & 

p STYLUS WEAR 

Omni-balance*,added to your 
Rek-O-Kut arm converts it to 
the only fully balanced tone- 
arm available today that will 
perform with any cartridge! 
Requires 5 minutes to attach. 
Simple tool. supplied in kit. 

..Omni-balance*kit $2.95 net 

REKOKUT 
:M I CROPOI'SE 

' S220 
- STEREO TONEARM 

*PAT. APPLIED FOR 

Co) 

I Rek-O-Kut Company, 
,1 38-19 108th St. 

, Corona 68, New York 
Dept. PE -21 

Please send literature. 

Name 

Address 

If 

I$ 

City Zone State_I' 

Export: Morhan Exporting Corp., 458'B'way, N.Y.C. " 
if -Canada: Atlas Radio, 50Wingold Ave., Toronto 19. 

1. 
. 

4 r 

Showcase 
(Continued from page 30) 

sell for $36.75 and $47.25, respectively; 
either of the cartridges is also available 
installed in the M232 or the M236 
tone arms. And if that record changer of 
yours is at all suited to stereo, you'll be 
interested in another Shure product-the 
M8D stereo cartridge. Tracking at pres- 
sures from 5 to 8 grams and completely 
compatible, the M8D sells for $16.50, 
complete with a 7 -mil diamond stylus. 

Stereo furniture in a choice of select 
walnut, teak, mahogany, or birch should 
be welcome news to any hi-fi enthusiast, 
particularly if the Mrs. is concerned 
about all those tubes and wires. When 
such furniture is available in easy -to - 
assemble kit form at substantial do-it- 
yourself savings, it is just that much 
more impressive. Sieler produces stereo 
cabinet kits in a variety of styles, with 
prices beginning at $29.95.... Although 
opinions vary, most audiophiles admit 
that the cartridge, if not the heart of a 
hi-fi system, is one of its keystones. This 
being the case, Smith Labs has delved 
into its bag of research tricks and come 
up with the "photoSonic 120." A non- 
magnetic, non -ca pacitive, non-piezo-elec- 
tric cartridge, the 120 depends on a 
fourth method of sound pickup-photo- 
electricity. Tracking at pressures from 
0.5 to 0.9 gram, the 120 actually relies 
on the modulation of a light beam for 
its sound. Fully compatible, the unit 
sells for $47.50.... A budget -priced, all - 
plastic manual tone arm complete with 
a crystal cartridge is just the thing for 
recreation room listening. Produced by 
Sonotone, the Ti Series arm is available 
in either brown or gray and with either 
high or low output cartridges. It sells for 
$7.45. 30 

W. H. Brady Co., 721 West Glendale Ave., Mil- 
waukee 9. Vis. 

Fisher Radio Corp., 21-21 44th Dr., Long Island 
City 1, N.Y. 

Garrard Div., British Industries Corp., Port Wash- 
ington, N. Y. 

Heath Co., Benton Harbor, Mich. 
Sargent-Raynsent Co., 4926 East 12th St., Oakland 

1, Calif. 
H. H. Scott, Inc., 111 Powdermill Rd., Maynard, 

Mass. 
Selby Furniture Hardware Co., 11 West 17th St., 

New York 11, N. Y. 
Sherwood Electronic Laboratories, Inc., 4300 N. 

California Axe., Clricago 18, Ill. 
Shure Bros. Inc.. 222 Hartrey Ave., Evanston, Ill. 
Sieler Design Products, 10460 San Pablo Ave., El 

Cerrito, Calif. 
A. Bernard Smith Laboratories, 2969 Ludlow Rd., 

Cleveland 20, Ohio 
Sonotone Corp., Elmsford, N. Y. 
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by Practicing at Home 
in Your Spare Time 
At No Extra Cost you 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 for advancement. Satel- 
lites, Radar, Automation in Industry, 
Missiles, Rockets, Planes, Stereo, 
TV, Radio, Two Way Communications fo: trans- 

portation are a few of the fantas- 
!%! tic developments in the fast 

growing Electronics industry. If 
- you are not completely satisfied 

with your work; if you are coubtful .'yi] about your future, investigate 
° ' Electronics. 

High Pay, Prestige, Bright Future 
What branch of Electronics interests you? Thou- 
sands of successful NRI graduates prove that 
NRI's learn -by -practice method is the way to 
success. You start in your chosen career ' way 
ahead of the man who only learns from hocks. You 
do not need to give up your job. You do not need 
to go away to school. You learn at home, get prac- 
tical knowledge from training kits NRI provides. 

Train With the Leader 
NR1 is the world's oldest and larg- 
est home study Electronics school. 
You benefit from the experience 
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 
Soon after enrolling NRI shows you 
how to apply your knowledge to 
earn extra money doing Electronic 
repairs or servicing Radio and 
Television sets for friends and 
neighbors. Take the first step to- 
ward success now. Find out what 
NRI offers you. Mail the postage - 
free card. No obligation. Cost of 

° - NRI training is low. 
I Monthly payment 
plan available. NA- 
TIONAL RADIO INSTITUTE, 
Washington 16, D.C. 

GJ 

=- 
o 

NRI Has Trained Thousands for Success 

11 

"I get over twice the 
salary I made before 
enrolling. NRI train - 
i n g gave me a 
thorough understand- 
ing." H. ATKINSON, 
Austin, Tex. 

"Nor in charge of 
sound effects for 
CBC. NRI opened 
doors to greater op- 
portunity for me." 
F. TUDOR, Toronto, 
Ontario. 

"Averaged $150 a 
month spare time be- 
fore I graduated. 
Now have my own 
full time business." 
F. W. COX, Holly- 
wood, Cal. 

N[LI.; 
COURSE IN J1/PiY 

ELECTRONICS «IE ir 

Cut Out and Mail-No Stamp Needed 

64 -PAGE 
CATALOG 

Nc. Salesman will call (Please PRINT) Dept. IRD-4 

Name Age_ 

Ac dress 

City Zone State 
NOLDEST 8 LARGEST HOME STUDY RADO-TV SCHOOL 

ational 
es HOME 

WASHINGTON 16, D. C. 

A:CREDITED MEMBER f`ATIONAL HOME STUDY COUNCIL 

The 
o,na,iti field of 

1+ fl tii^ 

How to i4 
, o a: home 

L+ 
for its 

.. 
National 

Radio 

Institute 

. 
i[l/ 

W . 
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fi: JOB COUNSELORS ADVISE 

LEARN ELECTRONICS 
'11 

air 

PRACTICE WITH 
17" TV RECEIVER 

I r - 
4'' ,4fá '!) PRACTICE WITH 

LOW POWER TRANSMITTER ;f. 

w ' l ( 'Ili PRACTICE WITH ULTRA SPECIAL !HIGH FREQUENCY OSCILLATOR 

TRAINING KITS 
1 NO EXTRA COS T 

' P 11 

CTICE WITH 

L TYPE VOLTMETER 

4iiáEE ÓTHER SIDERÉ 

.4z 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 
liquids, solids, gases. Electronics is employed to 
search for oil, make surveys, control traffic, ma- 
chine complex parts and in atomic installations. 
Military uses of Electronics are great and expanding 
rapidly. In business, Automation with Electronics 
plays an important part, prepares payrolls, calcu- 
lates engineering formulas. 

Learn More to Earn More 
Now, to meet the growing demand for trained 
Electronic Technicians NRI has developed a com- 
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, transistors, magnetic amplifiers; and get 
practical experience in telemetry circuits as used 
in earth satellites, digital and analog computers 
(Kit 9). 

NRI Oldest, Largest School 
Wishing far success won't bring suc- 
cess. You must act. Get FREE 64 - 
page Catalog from America's oldest 
and largest home study Electronic - 
Radio -Television school. I t 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 -page 
Catalog. NATIONAL RADIO IN- 
STITUTE, Washington 16, D.C. 

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 

National Radio Institute 
3939 Wisconsin Avenue 

Washington 16, D.C. 

POSTAGE FREE CARD 

MAIL Now 



A DO-IT-YOURSELF GOLD,VIINE ! 
40 ALL -NEW PROJECTS! 20 DATA CHARTS & TABLES! 

ALL IN THE 1961 ELECTRONIC 

EXPERIMENTER'S HANDBOOK, 
If you're an electronics hobbyist, you'll i 

welcome the 1961 ELECTRONIC EXPERI- 

MENTER'S HANDBOOK. It's packed with 

over 40 all -new projects you can bu Id 

yourself, plus more than 20 informa- 

tion -packed charts and tables on 

circuits, resistors, transformers, 

capacitors, ham and citizens 

band radio, sound levels, 

and much more! 
- 

THESE ARE JUST A FEW OF THE EXCITING PROJECTS YOU CAN BUILD FROM 

THE COMPLETE DIAGRAMS AND EASY -TO -FOLLOW DRAWINGS: 

PROJECTS FOR YOUR HI-FI 
& AUDi O SYSTEMS 

Speaker Cabinet Designs 
Unusual Amplifier 
Power Megaphone 
Intercom 
One -Tube FM Tuner 
Speaker Crossover 

PROJECTS FOR YOUR SHOP 
Direct Reading Frequency Meter 
Grid -Dip Meter 
Dual -Meter Transistor Tester 
Citizens Radio Tune-up Probe 
Field Strength Meter 
R.F. Power Meter 

The new 1961 ELECTRONIC EX- 

hELECTRONIC 
EXPERIMENTER'S 

PERIMENTER'S HANDBOOK 

áiANDHOOK 
is 

now on sale at your favorite news- 

stand or electronic parts store. 

Pick up your copy today- or order 

PROJECTS FOR THE 
:HAM AND SWL 
Acoustic Phone Patch 

One Transistor Ham Transmitter 
Beam Antenna 

Mobile Short Wave Converter 
Practice Oscillator 

PROJECTS FOR FUN 
Electronic Music Box 

Transistorized Driver Alarm 
Auto Safety Flasher 

Transistorized Pocket Fence Controller 
Transistorized Pocket Radio 

Ziff -Davis Publishing Coi ,npany 
1 Park Avenue 
New York 16, N. Y. 

Please send me a copy of the 1961 ELECTRONIC 
EXPERIMENTER'S HANDBOOK. I enclose $1.00 plus 
1N to cover mailing and handling charges. (Canada 
and Foreign $1.25 plus 10C postage.) 

NAME 

ADDRESS 

CITY 
now by handy coupon. Only $1.00. 1 EF2100 

ZONE-_STAT F 
2017 

February, 1961 35 



CITIZEN BAND 
TEXAS 
kceN 

CLASS "D" 
CRYSTALS 

3rd Overtone: Hermetically Sealed .00500 tolerance-Meet F C C require- 
mentt,(0g3 pin sspaei 

avaiIg-.050 
pin diam- 

(atltl Sc per cry s- able, add 150.1 
tai for postage ALL 22 FREQUENCIES $295 

and handling) IN STOCK! EACH 

The following Class "D" Citizen Band frequencies in 
stock (frequencies listed in megacycles): 26.965, 26.975, 
26.985, 27.005, 27.015, 27.025, 27.035, 27.055, 27.065, 
27.015, 27.085, 27.105, 27.115, 27.125, 27.135, 27.155, 
27.165, 27.175, 27.185, 27.205, 27.215, 27.225. 

latched crystal acts for Globe, Gonset. Citi-Pone and ltall icrafters Units . . . 55.90 per set. Specify equlitment make. 

RADIO CONTROL CRYSTALS 
in HC6/U HOLDERS-SIX FREQUENCIES 

In stock fo Immediate delivery (frequencies listed In mega - Cycles): tolerance 00507. 1/2" pin spacing. .050 pin diameter. (.003 pins available. add (Se per crystal.) Specify frequency. 
26.995, 27.045, 27.095, 27.145. 529 5 27.195, 27.255 

EACH (add SC Per crystal for postage and handling) 

ASK YOUR PARTS DEALER FOR TEXAS CRYSTALS 
See big red display . if he doesn't stock them, send us his name and order direct front factory. 

Send (or FREE CRYSTAL CATALOG 1860 WITH OSCILLATOR CIRCUITS 

Now! Engineering samples and small quantities for ( 

prototypes now made either at Chicago or at Ft. 
Myers plant. 24 hour service! 

CHICAGO PHONE GLadstone 3.3555 
All orders Shipped 1st Class Mail. Rush order to: 

TEXAS CRYSTALS 
Dept. P-21, 1000 Crystal Drive, Fort Myers, Fla. 

For fastest possible service, Phone WE 6-2100 

PURCHASING A 
HI-FI SYSTEM? 

TIME PAYMENTS AVAILABLE 
Up to 2 Years to Pay! 

Send Us 

Your List of 
Components 

For A Package 
Quotation 

WE WON'T BE 

UNDERSOLD 
All merchandise is brand new, 
factory fresh and guaranteed. 

Free Hi -Fi Carder) 

AIREX 
RADIO 

CORPORATION 

85 -PE Cortlandt St., N. 

Jim Lansing* 
Altec Lansing 
Electrovoice 
Jensen Hartley 
University Viking 
Acoustic Research 
Janszen Superscope 
Wharfedale 
USL Citizen Band 
Gonset Hallicrafter 
Texas Crystals 
Concertone 
Bell G.E. 
Weathers 
Harman-Kardon 
Eico Pilot Fisher 
Acrosound Roberts 
Bogen Leak TEC 
Dynakif H. H. Scott 

Thorens* Sherwood* 
Dual Changer 
Ampex DeWald 
Sony Challenger 

Wollensok Pentron 
Garrard Quad* 
Miracord Pickering 
Glaser -Steers 
Components 
Rek-O-Kut Tandberg* 
Audio Tape 
Noreico Magnecord* 
Fairchild Gray 
Artizan Cabinets 
Rockford Cabinets 

Fair Traded 
Y 7 CO 7-2137 

Tips 
41k) and 

Techniques 

INEXPENSIVE SIGNAL TRACER 
The simple r.f.-a.f. probe shown in the 
diagrams will plug into any utility ampli- 
fier or even a hi-fi system. It can be built 
in any small metal container; insulate 
the signal input pin from the metal shell 
but ground the positive diode terminal 
and the output cable's shield to the shell. 
The shielded cable can be up to six feet 

METAL 
SHELL 

SIGNAL 
INPUT 

SHIELD 

GROUND CLIP 

CI 
.001yf. 
600V. 

- 

IN3 

l-3 
0( 

4 

i F- 

rgio" 

long or more; the ground lead connected 
to the alligator clip should be about a 
foot long. To use the probe, fasten the 
clip to the set being tested, connect the 
output cable to the input of any ampli- 
fier, and touch the signal input pin to the 
grid and plate of each stage until the in- 
operative stage is found. The quality of 
the signal may also be judged from the 
sound reproduced as the probe is moved 
from stage to stage. 

-Steven C. Hall 

VTVM TEST LEAD ADAPTER 
If you want to use standard test leads 
with a VTVM or signal generator 
equipped with a microphone -type chassis 
connector, try this adapter. Solder about 
1/2" of bare hookup wire to the terminal 
of an insulated pin jack. Then push the 
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-ow* for .those -,who .,really- need 

:Only a short ,time ago, the FCC opened 22 channels for 
Citizens Band operation. Licensing was radically simplified. 
Where formerly two-way radio licenses were granted only to 
public safety agencies and certain other special groups, 
SUDDENLY, EVERYBODY COULD HAVE 2 -WAY RADIO! 

providing, of course, he could afford the bulk and cost 
of the equipment that was then available. 

Yet in spite of the bulk and the cost, nearly 'two -pillion 
Citizens Band transceivers have been purchased to cate!:A 
tremendous demand has developed! 
-You can imagine what' will happen now that compact, pro- 

- fessional-quality instruments like the CADRE `500' and 
the CADRE '100' are available! 
These CADRE' units are built to the highest standards of 
the electronics industry, by a company -that has been long 
established as a prime manufacturer of precision electronic 
research: equipment and computer assemblies. CADRE 
transceivers are 100% transistorized-compact. ligh;-weight 

engineered for unparalleled performance and reliability. 

'The CADRE 5 -Watt Transceiver, át $99.95, for eiample, 
:for offices, homes, cars, trucks, boats, aircraft. etc., measures a 
:mere 11 x 5 x 3'", weighs less than 6 pounds! Nevertheless, it 
offers 5 crystal -controlled transmit/receive channels (may be 
,used on all 22), and a range of 10 miles on land, 20 over water! 

The CADRE 100 -MW Transceiver, $124.95, fits into a shirt 
:pocket! Weighs 20 ounces, yet receives and transmits on any 
of the 22 channels ...'efficiently, clearly ... without annoy- 

-ing noise. A.perfect "pocket telephone" 
For the time being, it is unlikely that there will be enough 
CADRE transceivers to meet all the demand. Obviously. our-. 

=_dealers cannot restrict their sale to the fields of medicine. 
- agriculture, transportation. municipal services. etc. How- 
= ever;=since these CADRE units were eitginee^red fo>= profes- 
- sional and serious córhmeraíal applications-and nest more -1 

than brdinary CB transceivers-we believe thetas "water finds, 
its own level;'" CADRE transceivers will, for_the.mest part,=- 
find their way into the hands of those who really need them. 

1: Write ftir complete rrforntstion and detailed apeci#cationv. 

o:n . 
CAo1i 

/ac4.Yoe, 

6 0 
G 

he rTk., rimá " 

3T 

G/A NNc 
" finFa 

z 
:. 

CADREANDUSTRIES CQRP.,,.Endicott,_N.Y_ 

Prices appearing in this adoºrtisement are suggested retail p -ices. 
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Tips 
(Continued from page 36) 

wire through the center terminal hole of 
a microphone plug connector as shown, 
and solder it in place. If the pin jack 
lug is of the long, thin variety, the lug 
itself can be pushed through the micro - 

CENTER 
CONTACT 

MICROPHONE CONNECTOR 

WIRE 

PLASTIC 
TIP 

SET SCREW INSULATED PIN JACK 

phone connector terminal hole. In any 
case, clip off the excess lead protruding 
through the hole and tighten the connec- 
tor's setscrew on the pin jack's plastic 
body. 

-Robert L. Noland 

SAFETY POWER SWITCH 
If you use a power tool, connecting a 
footswitch to it will give you an added 
safety factor. You can make a foot - 

switch with any normally -open s.p.s.t. 
push-button switch designed to carry the 
power tool's load. Mount the switch on 
a 5" x 8" x 1" piece of wood, as shown, 
under a lock hasp which is used as the 
footswitch's treadle. A double or triple 
power receptacle mounted next to the 

Y 

1 

+; e 

switch will serve as the power outlet. 
Connect the switch in series with the 
receptacle and a heavy-duty power cord 
and plug. To operate the footswitch, 
plug the power tool into the receptacle 
and step down on the treadle. The power 

(Continued on page 107) 

Study Programs in ... 

APPLIED SCIENCE 
AND ENGINEERING 

+'w, .»e 1. ` r : - . '- 
Associate in Applied Science degrees -2 years 

Electronics Communications Technology 
Electrical Power Technology 
Computer Technology 
Air Conditioning Technology 
Industrial Technology 
Metallurgical Technology 

Bachelor of Science degrees - 4 years 
Electrical Engineering - Communications option - Electrical power option 
Mechanical Engineering 

At MSOE, new classes begin quarterly. 
Pre -technology program, schol-, h 

' 

arships, financial aid, and 
placement service available. MILV/AUKEE SCHOOL OF ENGINEERING 

Dept. PE -261, 1025 N. Milwaukee St., Milwaukee L, Wis. 
Sendcoupon today. Name ................_............._........._..........__...._.........._._............._.........Age. _.._..... 

New! FREE "Your Career" booklet. 

MILWAUKEE SCHOOL OF ENGINEERING 
1025 N. MILWAUKEE STREET MILWAUKEE 1, WIS. 

% +- 

1 

14~1.111611.11~1.1 

Address..__...._..._..__..._... _..__....._ ................`.. 

City._....._ ..................__ 
_....._.........._.._.-.................._.State 

CourseInterest......... _ ....................._........................ ......... 

(Please Print) 
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In March POPULAR ELECTRONICS: 

AN EXCLUSIVE REPORT: 

CAN RADAR 
WAVES 
HARM YO 

Four years ago, a technician in Glendale, 
California was stricken with appendicitis 
while working 10 feet away from a radar 
antenna. He was rushed to a hospital where 
he later died. The doctor in charge diagnosed 
his case as DEATH BY EXPOSURE TO 
RADAR! 

Since then, evidence has linked sterility, cataracts, and other misfortunes to radar 
exposure. At last, here are the facts! In the pages of March POPULAR ELECTRONICS 

you'll read the full story of microwave radiation ... its hazards ... protective de- 

vices just developed ... new data from military sources ... and much more! Don't 

miss it. 

POPULAR 

=ELECTRONICS';. 

41 
BUILD A CITIZENS BAND "Q" MULTIPLIER 

Increase the selectivity of low cost citizens band receivers! Here are complete plans for 
building your own "Q" multiplier that will help pick out your base or mobile station on 
the crowded CB Channels. 

And you'll also enjoy these exciting, informative March 
POPULAR ELECTRONICS features: 

FLIP-FLOP GOES THE HEART OF TILE COMPUTER 
A series of tiny transistors used in one-shot multivibrator circuits 
form the nerve centers of today's giant digital computers! Here's 
virtually an entire course on how these FLIP-FLOP CIRCUITS 
work-including complete construction plans for building your 
own circuits. 

THERE'S A KNACK TO BUYING A HI-FI AMPLIFIER! 
To get the best amplifier for your money, you must understand PERFORMANCE 
CURVES that give you the complete pictures. March POPULAR ELECTRONICS tells you how to 

read, understand, and use these curves. 

SUBSCRIPTION RATES: One Year S4 Two Years S7 Three Years $10 

POPULAR ELECTRONICS, 434 S. Wabash Avenue, Chicago 5, Illinois 
February, 1961 39 



° -4-BEST BUYS IN STEREO AND MONO HIFI ° r 

Citizens Band Transceivers Tr 
from 

t it au, 
New tS 

?9 Stereo/ 
Mono '. t , 

4 -Track 
Tape O cm i 
Deck owl a . 
RP100 
Semikit (electronics in kit 
form) $289.95 Wired $395.00 

C. 

0+ a dr 

t°r 

28W Integrated 
Stereo Amplifier HF81 

° Kit $69.95 Wired $109.95 

Stereo Power:_q 
Amplifiers - 

Kit Wired 

4e é 

New FM -AM Stereo Tuner ST96 
Kit $89.95 Wired $129.95 
Incl. FET 

FM Tuner HFT90 
Kit $39.95 Wired $65.95 
Incl. FET Metal Cover $3.95 

AM Tuner HFT94 Incl. FET 
Kit $39.95 Wired $65.95 

New 70 -Watt Integrated 
Stereo Amplifier ST70 
Kit $94.95 Wired $144.95 

_ a 

New 40 -Watt Integrated 
Stereo Amplifier ST40 
Kit $79.95 Wired $124.95 

Stereo Preamplifier HF85 
Kit $39.95 Wired $64.95 

h 
tw 

EXCELLENCE 

_1 
100W HF89: $99.50 $139.50 Stereo/ Mono Changer/Player 

AA 
70W HF87: $74.95 $114.95 1007 with stereo cartridge Bookshelf Speaker System 

CREATIVE 
28W HF86: $43.95 $ 74.95 and dual sapphire styli $49.75 HFSI Kit $39.95 Wired $47.95 C 

BEST BUYS IN CITIZENS TRANSCEIVERS, HAM. GEAR, RADIOS 

ELECTRONICS Kit 
$59.95 
Wired 
$89.95 

New Metered 
Variable AC 
Bench Supplies 
Model 1073 
(3 amps) 
Kit $35.95 Wired $47.95 
Model 1078 (7rh amps) 
Kit $42.95 Wired $54.95 

i° 

Tube 
Tester 
x625 
Kit $34.95 Wired $49.95 

tl 

. 

+. 
Transistor Portable Radio RA6 

New 60W CW Transmitter:723 Kit $29.95 Wired $49.95 
Kit $49.95 Wired $79.95 Incl. FET 

BEST BUYS IN TEST EQUIPMENT ' . 

11;1111 

6-&12V e -"-~- 
Battery ri ® ea 
Eliminator 
& Charger 
:1050 
Kit $29.95 " 
Wired $38.95'i 0 
Extra -filtered for 
transistor equipt. :1060 
Kit $38.95 Wired $47.95 

Listen to the EICO Hour, WABC-FM, N. Y. 95.5 MC, Mon. -Fri., 7:15-8 P.M. 

Peak -To -Peak 
VTVM -232 
& Unii-Probe& 
Pat. :2,790,051 
Kit $29.95 
Wired $49.95 

VTVM :221 
Kit $25.95 Wired $39.95 

RF Signal - Generator a9 
4 

Kit 2$26.95 i 
Wired $39.951*;_ 

DC -5 MC 
5" Scope :460 
Kit $79.95 
Wired $129.50 
5" Push -Pull Scope `425 
Kit $44.95 Wired $79.95 

Over 2 MILLION 
o EICO instruments in 

use throughout the 
world. Compare, take 

o them home - right 
. 'off the shelf" - 
from 1500 
neighborhood' 
dealers, -most of 
whom offer 
budget terms. - 

I!I!il 

pED 7 
ITS 

AND 

o,0 

.. . 

....r 
Blvd.,L.I.C.1,N.Y.PE2 Ya" I EICO, 3300 N. describing over 

0Send free products, free Stereo 
80 top 

Guide, 
free 

Short Course 
for 

Wired $14.90 
Novice 

euLic name of nearest 
Novice License, 

Send new 36-pag 
EICO dealer. HI-FI for which 

ri GUIDEBOOK for postage & handling. 
enclose 25Q 

Name..................................................... 
Multi- -ai= + ........................ 
Signal t Address ...:................... 
Tracer Zon... State ................. 
0145A City_....%%.in the West Kit $19.95 Add 5% 
Wired $28.95 ^- _ °_,, - .. 

@ 1961 by EICO, 33-00 1, N. Y. 

1000 
Ohms/ 
Volt 
V -O -M :536 
Kit $12.90 

R -C Bridge 
& R-CL 
Comoarator 
#950B 
Kit $19.95 Wired $29.95 
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Philco Corp. photos 

¡NFRA RED 
Yesterday's discovery .. . 

... tomorrow's promise 

DURING the Quemoy crisis two years ago, a new weapon 
made the headlines. Known as the "Sidewinder," the 

instrument was the first guided missile to destroy enemy 
aircraft in actual combat. The Chinese Nationalists ex- 
ploded scores of Red MIG-17 jets in mid-air with the aid 
of this lethal device. 

Interestingly enough, the Sidewinder missile is named 
after the desert rattlesnake-both strike by homing in on 
the infrared radiations which their targets emit. The hot 
exhaust of an enemy jet becomes the target for this heat - 
seeking missile, which zooms into the tailpipe and destroys 
the aircraft in a fiery explosion. 

What Is Infrared? Actually an electromagnetic radiation 
much like radio or light waves, infrared is produced to some 
extent by every object above absolute zero (-237° C). And 
the hotter an object becomes, the more infrared is emitted 
-the sun, for example, is an excellent infrared radiator. 

The discovery of infrared took place over 160 years ago. 
In the year 1800, William Herschel placed a number of 
thermometers along the full length of a rainbow -like spec - 

By CHARLES CARINGELLA, W6NJV 
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jhTUBrTR 
Image tube (far left) converts invisible infrared into visible 
light; the World War II "snooperscope," which enabled 
troops to see in the dark, employed such a detector. Mod- 
ern single -crystal infrared detector (left) is a byproduct 
of transistor development; unit produces output voltage in 
proportion to amount of Infrared radiation falling upon it. 
Both devices are products cf Radio Corporation of America. 

trum of the sun's light which had been 
dispersed by a glass prism. As he ex- 
pected, the thermometers were heated 
by this visible light-from the violet at 
one end of the spectrum to the red at 
the other. But there was one thing Her- 
schel didn't expect. The thermometers 
were also heated at the end of the spec- 
trum beyond the visible red region, indi- 
cating that some form of energy was 
also present there! Since this radiation 
was below the visible red region, he 
dubbed it "infra -red." 

For over a century, Hershel's discov- 
ery remained nothing more than a sci- 
entific curiosity. Then, in the 1920's and 
1930's, several laboratory instruments 
were developed which used infrared to 
identify unknown materials and analyze 
chemical compounds. And World War II 
brought the amazing "snooperscope" 
which enabled our troops to literally see 
in the dark. 

Types of Systems. Infrared systems 
are classified into two groups. In the 
"active" system, the target is illuminated 
by an infrared spotlight; the snooper - 
scope is an example of a device which 

uses this system. The second or "pas- 
sive" system detects the infrared energy 
emitted by the target itself, as does the 
Sidewinder missile. As might be ex- 
pected, the passive system requires a very 
sensitive detector, since the amount of 
infrared which objects emit is often ex- 
tremely small. 

The basic instrument used for measur- 
ing infrared radiation is the radiometer. 
Acting somewhat like the more common 
photocell, the radiometer collects radia- 
tion from a narrow field and converts it 
into electrical energy which can then be 
read on a meter or recorded on a chart. 
Radiometers are used to monitor tem- 
peratures remotely with a very high de- 
gree of accuracy. 

Applications. Infrared has been applied 
to a wide variety of guided missiles, with 
air-to-air types-such as the Sidewinder -the most successful. Another military 
application is in aircraft gunfire control. 
Fire -control systems using visual sights 
are naturally limited to daytime opera- 
tion, but infrared equipment extends the 
operation of such systems into total 
darkness. 

INFRARED REGION GAMMA RAYS, 
X RAYS 

ULTRA- 
VIOLET 

VISIBLE 
LIGHT NEAR MIDDLE FAR - 

INFRARED 4 INFRARED F` INFRARED 
MICROWAVES, UHF VHF ETC. 

.3 .75 I.2 
I I 

7 1000 

WAVELENGTH IN MICRONS 

Infrared band, sandwiched between visible light 
and microwave regions, comprises wavelengths 
from 0.75 to approximately 1000 microns. 
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Still other military applications in- 
clude airborne early -warning systems, 
ballistic -missile detection systems, "pas- 
sive" viewing systems for watching troop 
movements at night, and infrared com- 
munications systems. The "Midas" satel- 
lites, for example, will have infrared 
"eyes" to detect the white-hot exhaust 
of missiles as they are launched from 
enemy territory. 

Many commercial applications of infra- 
red stem from one fact: as infrared light 
is passed through a chemical compound, 
certain wavelengths are absorbed and do 
not pass through. These wavelengths or 
groups of wavelengths are known as ab- 
sorption bands. And because the mole- 
cules of every substance have a different 
infrared absorption band, these bands 
provide a means of identifying molecules 
in much the same way that a set of finger- 
prints can identify a particular human 
being. 

The infrared spectrophotometer, for 
example, is an instrument which analyzes 
compounds and gases. It automatically 
measures the changes in wavelength of 
th'e infrared light passing through a sam- 
ple and records the resultant absorption 
bands on a chart. 

Infrared finds dozens of uses in indus- 
try. Among them : analyzing fertilizers, 
insecticides, and soils in agriculture; 
complex propellant mixtures and exhaust 
gases in aircraft and missiles; molecular 
structure of enzymes and amino acids in 

Wireless telephone-the "Infraphone"-sends con- 
versátions hundreds of feet over invisible infrared 
beam. Produced by Infrared Industries, it ís fully 
transistorized and operates on flashlight batteries. 
It's available from most,major radio supply houses. 

biochemistry.; essential oils and mixtures 
in cosmetics; compounds in pharmaceu- 
tics. 

Fire detection is also becoming an im- 
portant application for infrared. Airlines 
are now using infrared fire -detection de- 
vices aboard their planes, and railroads 
call on infrared to detect "hot" boxes 
from fixed positions-even though the 
trains are moving by at high speeds! 
Some day, a greater degree of protection 
from forest fires may be provided 
through the use of small, battery -op- 
erated infrared devices. 

Place in the Spectrum. All of the ad- 
vanced military systems now in use, as 
well as many of the commercial applica- 
tions, were made possible by new devel- 
opments in detectors and optics since 
World War II. Before taking a closer 
look at infrared detectors, let's see just 
how infrared fits into the whole of the 
electromagnetic spectrum. 

The infrared frequency band, which is 
located between visible light and radar, 
ranges from approximately 1 million to 
500 million megacycles ; the correspond- 
ing wavelengths are 1000 to 0.75 microns. 
(The micron-actually one millionth of 
a meter-is the unit commonly used for 
measuring wavelengths in infrared 
work ). 

In some of its characteristics, infrared 
resembles visible light-for example, 
lenses and parabolic mirrors are used to 
collect and focus infrared energy on a 

y 
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detector. However, it also behaves some- 
what like radio or radar waves : it will 
go right through materials such as ger- 
manium and silicon, both of which are 
impervious to visible light! 

Infrared Detectors. One type of infra- 
red detector, the image tube, operates 
only in the near -infrared region. The 
object to be viewed is irradiated with an 
infrared spotlight, a device much like an 
ordinary spotlight, except that it makes 
use of a filter which lets only the infra- 
red pass. The infrared is reflected from 
the object and strikes a sensitive film in 
the image tube. 

Since this film is photoemissive, it 

NO 

,..11.._ 

- 
1111 

-9 

emits electrons when excited by the in- 
frared light. The electrons are emitted 
from the back side of the film into the 
vacuum within the image tube and elec- 
trostatically focused on a phosphor view- 
ing screen. Thus, the image tube effec- 
tively converts the invisible infrared to 
visible light and enables the viewer to 
"see" in total darkness. 

Infrared detectors, other than the 
photoemissive type, fall into one of three 
groups-thermal radiation detectors, 
film -type infrared photoconductors, and 
single -crystal infrared detectors. Since 
they are detectors, all convert infrared 
radiations into electrical signals. But 

each works differently and therefore has 
special characteristics all its own. 

The thermal radiation detectors make 
use of the heating effects of infrared. 
There are two types : one is the thermo- 
electric detector which operates on the 
thermocouple principle. It consists of 
two dissimilar metals which generate 
voltage at the junction as the tempera- 
ture of the junction changes. Naturally, 
the junction temperature is proportional 
to the amount of radiation hitting it. 

The second type of thermal detector is 
the bolometer. It consists of a thin 
metal or semiconductor strip. As the 
temperature of the strip changes, so does 

- ti v 

. Nw 

Traffic detector-the "Traf- 
fitrol"-uses infrared beam 
to detect and count 
vehicles traveling at speeds 
up to 80 miles per hour. 
Highly accurate and vir- 
tually foolproof, the device 
is among the first to 
apply infrared principles 
to traffic problems. 
The "Traffitrol" is manu- 
factured by the 
Reiland Division of 
Minneapolis -Honeywell. 

the resistance. And if voltage is applied 
across the bolometric strip, the current 
flowing through it will vary as its re- 
sistance changes. 

Photoconductive detectors are com- 
prised of a thin film (about 1 micron 
thick) deposited on a thin sheet of insu- 
lating material such as glass. For their 
operation, they rely on the photoconduc- 
tive effects of certain semiconductor com- 
pounds. The radiation changes the con- 
ductivity of the material in much the 
same manner that base bias controls cur- 
rent flow in a transistor. 

This effect can be demonstrated by 
connecting a bias battery and a sensitive 
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current meter in series with the detector. 
As radiation falls upon the detector, cur- 
rent will flow. And by replacing the me- 
ter with a load resistor, a signal will be 
developed across it in proportion to the 
amount of radiation. 

Single -crystal infrared detectors were 
made possible largely by the invention 
and development of the transistor. In 
this type of detector, a semiconductor 
crystal is used, generally comprised of 

R1 

either germanium or silicon. The mate- 
rial is processed in such a way as to 
make it photovoltaic, which means that 
it generates a small d.c. voltage propor- 
tional to the amount of radiation falling 
on it. 

In all of these detectors, the signal 
voltages produced are very small. As a 
result, special low -noise amplifiers are re- 
quired to bring the signal up to more 
usable levels. 

Tomorrow's Promise. As knowledge of 
infrared and its amazing properties in- 
creases, so, too, will its uses. A new 
traffic -control detector, for example, can 
detect and count cars traveling at speeds 
up to 80 miles an hour. Another recent 
development-a solid casting of ger- 
manium, 15 inches in diameter-expands 
the viewing range of infrared missile de- 
tection systems enormously (scientists 
have termed it comparable to "replacing 

Infrared "picture window" produced 
by scientists at Hughes Aircraft 
is solid germanium casting 15" in 

diameter and 1/2- thick. 
Optically ground and polished, 
it is opagt.e to ordinary light 
but refracts infrared rays 
much as a glass lens collects 
and focuses rays from visible part 
of spectrum. Used in missile 
detection systems, the casting 
is made from 91/2 pounds of 
germanium, and is valued 
at approximately 
six thousand dollars. 

a porthole with a picture window!") 
Even infrared detectors have reached all 
but unbelievable levels of sensitivity. 
One recent model, already on the market, 
is so sensitive that it can detect a cig- 
arette burning 500 miles away! 

Fantastic? To be sure, but this is the 
fantastic, invisible world of infrared. 
What still more wonderful developments 
in this invisible world will tomorow 
bring ? 30 
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IF YOU'VE EVER SEEN a photoelec- 
tric eye in operation, you've probably 

noticed its telltale light beam. But the 
alarm system described here has no vis- 
ible beam and can thus function unde- 
tected-even in total darkness. Its 
secret: it relies on invisible infrared 
radiation instead of light. 

Although at first glance the infrared 
alarm system would appear to be quite 
expensive, you'll find that it can be built 
for less than $25.00. If you already have 
some of the parts in your junk box, the 
cost will be reduced accordingly. In any 
case, the infrared detector and infrared 
spotlight are easy to build and their cir- 
cuitry is quite simple and non -critical. 

Construction. The infrared detector is 
housed in a 5" x 4" x 3" aluminum box. 

k=i 

fit 

By CHARLES CARINGELLA, W6NJV 

Parts placement is not critical but the 
pictorial diagram can be used as a guide. 
The photocell (PC1) is pushed through 
a rubber grommet which is mounted on 
the box's 3" x 4" cover panel and soldered 
directly into the circuit. Use a heat sink 
when soldering PC1 and mount a piece 
of cardboard tubing around it to keep 
out extraneous light (see photo) ; the 
cardboard should be painted black to 
minimize reflections. Mount sensitivity - 
control R2 and reset -switch S1 on top of 
the unit or wherever convenient. 

The infrared spotlight is housed in a 
6" x 6" x 6" aluminum cabinet (see page 
49). Cement the infrared filter across 
a 5" -diameter opening cut at one end of 
the box; the filter specified in the parts 
list is 5:yg" in diameter and 1/8" thick. 
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Infrared detector wiring is simple and straightforward. although 
photocell PC1 requires special consideration. See text for details. 

The lamp can be any 117 -volt light bulb 
-its actual wattage will depend on the 
distance between the infrared spotlight 
and the detector. 

Use a 5" -diameter parabolic reflector 
to concentrate the lamp's output in a sin- 
gle beam. The aluminum reflector from 
a work lamp or spotlight will do nicely. 
Mount the lamp and reflector directly 
behind the filter with the lamp's filament 
at the focus of the parabola. 

The focal point of the parabola may be 
determined by pointing the reflector 
toward a light source and focusing the 
light bounced off the reflector onto a 
piece of translucent white paper. Use a 
long, narrow piece of paper so as not to 
obstruct the reflector's pick-up field with 
your hand. At the focal point, the re- 

flected light should form an intense 
bright spot. 

Operation. You can use the infrared 
alarm system to guard a single door or 
window or to cover a large area. To pro- 
tect a room or store against burglary, 
mirrors can be used to reflect the infra- 
red beam across all doors and windows. 
If the beam is broken anywhere in its 
circuit around the room, the alarm will 
sound; this "round -the -room" setup is 
shown on page 49. 

If the system is used to keep tabs on 
people entering and leaving a store, for 
example, place the infrared spotlight and 
detector in the store in such a way that 
the beam passes across the entranceway. 
Either the door opening or someone en- 
tering the store will break the beam be - 
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Light Shield 

Entire detector is mounted 
in front half of box. Card- 
board tube serves as light 
shield for photocell PC1. 

PCI 

R3 

PARTS LIST 

Infrared Detector 
I50 -volt electrolytic capacitor 

Di-Silicon diode (Sarkes-Tarzian 2F-4 or equiv- 
alent) 

I1-A.c. power receptacle (Amphenol 61 -FI or 
equivalent) 

KI-Relay, s.p.d.t. contacts, 5500 -ohm coil 
(Advance SV/1C/5500D or equivalent) 

PCI-Cadmium selenide photocell (Clairex CL -3 
or CL -603) 

Rl, R3 -2200 -ohm, I -watt resistor 
R2 -5000 -ohm, 2 -watt, linear taper poten- 

tiometer (Ohmite CU5021) 
Sl-S.p.s.t. toggle switch 
TI -117 -volt isolation transformer. one-to-one 

ratio (Lafayette TR-91 or equivalent) 1-5" x 4" x 3" aluminum box (Bud CU -2105A 
or equivalent) 

4lisc.-Ilardware, terminal strip, etc. 

Infrared Spotlight 
1-6" x 6" x 6" aluminum utility cabinet (Bud 

AU -1039 or equivalent) 
1-5" parabolic reflector (see text) 
1 -53/4" -diameter x %"-thick infrared filter 

(Edmund Scientific Co., Barrington, N. I., 
Catalog No. 60,033, $2 postpaid-or equiva- 
lent) 

1 -117 -volt lamp (see text) 
Misc.-Socket, hardware, etc. 

TI RP JI 

tween the spotlight and detector's photo- 
cell and set off chimes or a buzzer. 

Once the spotlight, receiver, and mir- 
rors are installed, both the reset -switch 
(Si) and the sensitivity control (R2) 
should be set and adjusted for operation 
as either a burglar alarm or a store "an- 
nouncer." 

First, open switch S1 and temporarily 
cover photocell PCZ. Then power the de- 
tector and plug a test alarm-a lamp or 
buzzer draining less than 100 watts-into 
117 -volt receptacle J1. The test alarm 
should be on. 

Now, uncover PCI and turn on the in- 
frared beam, close reset -switch Si, and 
advance R2 until the test alarm goes off. 
If the test alarm does not go off any- 
where in R2's range, be sure that the in - 

Schematic diagram of 
the infrared detector. 

RESET 
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ALUMINUM BOX 

PARABOLIC 
REFLECTOR 

117 V 

BULB 

....... JI 
INFRARED 

FILTER 

0o 

,.....,,,,,,........HOW IT WORKS 

The infrared alarm system consists of two 
units: the infrared spotlight and the detector. 
The spotlight contains a lamp, a reflector, and 
an infrared filter. The lamp is an ordinary I17 - 
volt light bulb. All of the light from the bulb is 

focused into a single beam by the reflector. The 
infrared filter removes most of the visible light 
and allows only the infrared radiation to pass 
through relatively unimpeded. 

The heart of the detector is the cadmium 
selenide photocell (PCI) which is sensitive to 
visible light and to near -infrared radiation. The 
photocell has a very high ratio of dark resistance 
to light resistance: it measures well over one 

megohm with no light falling on it, and only a 

few thousand ohms in daylight. The photocell 
behaves very much like a switch, which is its 
function in the detector. 

Transformer TI is a one-to-one isolation trans- 
former operating from the 117 -volt a.c. line. 
Resistors RI and R3 and sensitivity control R2 
form a voltage divider to reduce the a.c. voltage 
on T1's secondary to the operating range of PCI 
and relay K1: potentiometer R2 allows this volt- 
age to be varied from approximately 20 to 80 
volts. Diode Dl rectifies the a.c. and capacitor 
CI Liters DI's output. 

Photocell PCI is connected ill series with reset - 
switch Si and the coil of relay hl. \Vhen no 
light falls on PC/. its resistance remains very 
high and no current flows through 1(1's coil, 
keeping the relay de -energized. When PCI is il- 
luminated, its resistance drops, allowing ener- 
gizing current to flow. With S1 closed and R2 
properly adjusted. relay Ií1 locks up on its own 
contacts (a and b) and remains locked until the 
light or infrared source is removed. 

When the infrared beam is broken. 1íl is de - 
energized and the contacts (a and c) of Kl close 
and apply 117 volts a.c. to alarm output recep- 
tacle 11. When the infrared beam is restored, 
is energized again and the alarm goes oft. 

\Vith reset -switch SI open, relay Kl remains 
in its de -energized condition even if the infrared 
beam is restored. In this case, the alarm can not 
be silenced until SI is closed. 

,,,,,,,,,,,,,,,,,,,,,,,,,,..,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,.. 

Infrared spotlight's box 
should have lightproof 
air vents. Use high -wattage 
lamp for long beam lengths. 

Round -the -room setup pro- 
tects doors and windows. 
Metal or front -surface 
mirrors give best results. 

WINDOW 

MIRROR 

DOORWAY 

INFRARED 
SPOTLIGHT r1 

INFRARED 
DETECTOR 

frared beam is focused on photocell 
PC1; you may have to put a larger lamp 
in the spotlight for long beam lengths or 
when mirrors are used. 

When the test alarm is turned off by 
R2, open S2. The unit is now armed and 
ready to operate as a burglar alarm. 
Break the infrared beam and the test 
alarm will be turned on; the alarm will 
stay on even though the beam is restored. 

To operate the system as a store an- 
nouncer, go through the adjustment pro- 
cedure described for the burglar alarm 
but open reset -switch S1 after sensitivity 
control R2 has been adjusted to turn off 
the alarm. With this setting of S1, the 
alarm is on only while the beam is bro- 
ken. When the beam is restored, the 
alarm is silenced. 

If you use the system as a burglar 
alarm, a large gong or other electric 
noisemaker will be appropriate as the 
alarm signal. For a store announcer, as 
mentioned before, chimes or a buzzer will 
be better. In either case, be sure that 
the alarm or announcer plugged into J1 
drains no more than 100 watts ín order 
to protect the contacts of relay K1. 30 
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Introducing the LQ UER 

BRIGHTEST LIGHT in 
ELECTRONICS' FUTURE 

By KEN GILMORE 

. 

One day last September, two Bell Telephone scientists, R. J. Collins 
and W. S. Boyle, stood on a hill at the company's laboratory in. 
Holmdel, New Jersey. Beside them, mounted on a tripod, was a brass 
cylinder a little bigger than a flashlight. At a precise moment, one of 
them touched a button on some nearby electronic equipment. Instant- 
ly, a brilliant red flash shot from one end of the cylinder. Two other 
Bell scientists, D. F. Nelson and W. L. Bond, standing on a rooftop 
25 miles away, were able to see the flash with their naked eyes. 

This accomplishment --transmission and detection of a light flash 
over a 25 -mile distance-seems unremarkable enough. Yet Dr. George 
Ducey, Bell's Director of Solid State Electronics Research, thought 
otherwise. Hearing of the experiment's success, he made a simple but 
solemn pronouncement: "A new era of communications has begun!" 
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A NEW KIND OF LIGHT never before 
A seen on earth is the product of the 
laser -a device which taps the power of 
the electron's spin to generate a light 
beam of unparalleled intensity and pur- 
ity. What does the laser offer science? 
Just this : 

true amplification of light for the 
first time in history 
the first truly coherent (single -fre- 
quency) beam of light ever pro- 
duced by man 
The weird light of the laser has a num- 

ber of properties that may well make it 
the most promising development in com- 
munications-and in a few other fields 
as well-since De Forest put the grid in 
the vacuum tube. Soon -to -be -available 
devices making use of the laser's unique 
abilities include such wonders as : 

super -precise radar with a beam 
hundreds of times narrower than 
anything now available 
an atomic clock 1000 times more 
accurate than the best current mod- 
els which do not stray more than 

one second in one hundred years 
a super heater that can pour out 
thousands of watts of energy into 
an area the size of a pinhead 
a radio transmission system of such 
tremendous capablities that it 
could carry more than 10,000 simul- 
taneous television signals using 
only a single channel 
What the Laser Is. The laser, for all its 

revolutionary properties, actually stems 
from another development several years 
old. As you may have noticed, there's 
a similarity between the words "laser" 
and "maser," and the similarity is more 
than coincidence. A laser is simply a 
maser capable of operating at frequencies 
within the visible light range. 

Dr. Charles Townes of Columbia Uni- 
versity-the inventor of the maser- 
suggested some time ago that there 
seemed to be no reason why his device 
could not operate in the visible light 
range. Now years of theoretical work 
by both Hughes Research Laboratories 
and Bell Telephone Laboratories in solid - 
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GREEN LIGHT RED LIGHT 
ABSORBED EMITTED 

' HOW THE LASER° WORKS 
1, laser is a small rod' of synthetic ruby which absorbs 

light energy at one frequency and emits light at another 
frequency ór coloY Its operation depends on the fact that 
tle,ruby contains chromium 'atoms which can be at any one 

B Of° arleast three different energy levels, as illustrated at left, 
The lowest level -A-represents the area- where the atoms 

will' norinally'be. If, however, a photon of light from out 
side the system hits one of the chromium atoms,, that atom 

' absorbs light energy 'and =is lifted to a moire excited state,, 
represented by level C. Almost immediately, it falls back 
to level B giving up a little of the energy absorbed from 
tbe. photon`'It remains 'at level B °for° a° relatively long; 
period, as measured in atomic time-perhaps as much °as ten 
microseconds. Eventually, -it° falls back to _level A, and 

in the process gives up the rests of the, energy absorbed from" the 'photon. This, 
emitted energy, is in the -form of°red light. - ' ° ° 

The process described so far is normal fluorescence=just like that °which takes 
place in fluorescent lighting. Iü the fluorescent bulb, ultraviolet light ís used to 
excite the atoms of fluorescent material, which then give off a white light. But, 
the separate quantities of light given off by the electrons are not in phase. Instead.. 
they, are -random, or-td use the scientists' word-incoherent, in ,a -way, they are 

,similar toradio noise.The- laser, on'the other hand, generates a coherent signal-a 
sighal of°'one_frequency, with all electromagnetic light radiation in phase. " 

intense green light is beamed° at the ruby This light ` pumps' huge quantities . 

óf hhroriúm atoms into energy level' C:_ These atoms- quickly fall to level B., 
-where they remain for a while.,' Occásiorially, one atom' spontaneously falls back tb 
energy level iíg, emitting,'red light. Bgt there are so many- atoms- now at energy 
level B that the' spontaneously -emitted' light frbm the atom that falls will almost: 
certainly bump into another chromium atorwat level B. This °collision -will cause 
the second atom to give off its energy,, °in 'phase with the' first, atom. The energy 
from the second atoll, bumps into another atom, and so ori. 

The chain reaction builds rapidly. Because the ends of the nod are silvered, the 
emitted light bounces back and forth, stimulating' still more atoms to give up their 
energy. Soon, tremendous- quantities: of red Ifght are rushing back and"forth in the 
rod like water sloshing back and lord sin a bathtub. Finally,, it reaches much a 

.:level of intensity that it' búrststhroggh° one end of -the rod (one end has less silver 
. tl$ati.cyl(¢ other) and shInes'forth hi a brilliant, coherQnt.°raya 

] a. _u .. ' _ ._.. _ i . - ' .G7,7 

state electronics have proven him right! 
(For details on the maser, see April 1960 
issue of POPULAR ELECTRONICS.) 

In spite of its tremendous promise, the 
laser is an extremely simple -looking de- 
vice. It is nothing more than a cylinder 
of synthetic ruby about 1/4" in diameter 
and 11/2" long, mounted in the center of 
a spiral coil of glass. The coil is a xenon - 
filled flash tube, very much like the ones 
used by photographers for taking flash 
pictures. 

To operate the gadget, scientists send 
a jolt of current through the gas -filled 
tube, setting off a brilliant flash of green- 
ish light. The electrons in the ruby ab- 
sorb this light, and generate energy at 
another frequency. To put it another 
way, the ruby absorbs greenish light, 
only to give off a pure red ray. And the 
beam produced by this atomic flashlight 
is capable of performing the feats men- 
tioned earlier-as well as a number of 

others-because it is unique in several 
important ways. Let's see just what 
makes the laser's light so different. 

"Coherent" Light. The light generated 
by the laser is coherent. This means that 
all its rays are at one frequency. Natural 
light, in contrast, whether produced by 
the sun, a light bulb, or a match, is made 
up of rays of many different colors, or 
frequencies. Even light sent through a 
colored filter contains many frequencies, 
although far fewer than "white" light. 

Light containing many frequencies is 
roughly comparable to a completely un - 
tuned radio signal or a raucous noise. 
Such a hodgepodge signal is impossible 
to control effectively. About the only 
thing you can do to transmit informa- 
tion with such an undisciplined mixture 
-whether light, radio frequencies or 
just plain noise-is to turn it on and off 
to form a simple code. Ships, of course, 
have been using blinker lights for years. 
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With the laser, we have a coherent 
light source for the first time. We can 
control it in the same sophisticated ways 
we take for granted in radio. In addi- 
tion, because of the extremely high fre- 
quencies at which light is transmitted, 
we can perform a number of tricks im- 
possible with radio. 

For example, fantastic amounts of in- 
formation can be packed into one light 
beam. With such a system, we may some 
day transmit thousands of television sig- 
nals and hundreds of thousands of tele- 
phone, teletype, and telegraph signals on 
a single laser beam! 

In addition, the laser, by operating in 
the visible light spectrum, vastly in- 
creases the number of useful frequencies 
we can put to work. Heretofore, we 
have been able to use frequencies up to 

XENON -FILLED TUBE 

RUBY , 
HIGH VOLTAGE PULSE 

Heart of maser is silver - 
ended ruby rod, placed in 
coiled, xenon -filled tube. 

Hughes Aircraft put it recently, "The 
laser jumps the gap from 50,000 million 
cycles to 500,000 billion cycles, opening 
the way for a host of important applica- 
tions." 

Narrow Beam. The coherence of laser 
light is responsible for another useful 
property; it makes the laser beam far 
narrower than any previously available. 
For example, a high -quality military 
searchlight-the kind used to spot raid- 
ing aircraft during World War II-pro- 
duces a beam approximately one degree 
in width. One mile from the light, the 
beam is about 85 feet wide. This may 
sound impressive, but only until we com- 
pare it with the laser beam-which will 
ultimately be able to illuminate a spot 
approximately 5 inches in diameter a 
mile away ! 

Another comparison: the beam from 
the military searchlight, if directed at 
the moon, would spread to cover an area 
3600 miles in diameter, bigger than the 
moon itself. But the laser beam would 
illuminate a spot on the moon's surface 
less than 10 miles in diameter, without 
any optical help at all. And one scientist 
predicts that with a proper setup of 
lenses, the diameter of the spot could be 
reduced to two miles! 

NEW FREQUENCY REGION 
OPENED BY LASER 

RADIO 
TV 
a 
FM 

MICRO- 
WAVES INFRARED 

10 102 10 102 103 

KC 

lo" IO' 106 

MC 

I } 
L -VISIBLE LIGHT 

I I 

10' 106 109 IO'o 10" 

Frequency spectrum, showing new frequency region opened by laser. Note laser's wide operating range. 

about 50,000 mc. (See chart above.) 
But even though this upper limit has 
been gradually pushed back, the need 
for additional space to accommodate the 
ever-growing load of world-wide com- 
munications has grown much faster. 
Now the laser, in one jump, has extended 
the range of useful frequencies tremen- 
dously. As Dr. Theodore H. Maiman of 

Piping it Through. Of course, like every 
device, the laser has its limitations. Even 
the higher microwave frequencies now 
in use are partially blocked by clouds, 
dust, fog, and atmospheric moisture. 
Laser beams, at still higher frequencies, 
are affected even more. As a result, a 
point-to-point laser communications link 

(Continued on page 112) 
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EASY DOES IT when you're 
MOUNTING 

Hi -fl SPEAKERS 
THE audiophile who can set up his own hi-fi system usually 

knows just what to do with each component. But equally im- 
portant is knowing what not to do. 

Take the matter of mounting a speaker in a baffle for instance. 
To the uninitiated, it looks like little more than tightening a few 
nuts with a wrench. But to those in the know, proper installation 
of a speaker in its baffle is as important to good sound as a cleanly 
shaped point on a diamond stylus. 

According to Al Altenhof of Utah Radio & Electronic Corp., 
the thing to remember is that a speaker is a precision item held 
to dimensions of several thousandths of an inch. Screwing a 
speaker to a warped mounting board or tightening the nuts too 
tight can easily throw most speaker cones out of alignment. Mr. 
Altenhof recommends following these three easy steps when 
mounting a speaker: 

1. Check the mounting board 
to be sure it isn't warped. 

2. Slowly place speaker on the 
screws, carefully aligning its 
holes with the screws to avoid 
damaging the cone. 

3. Tighten the mounting nuts 
by hand, then use a wrench to 
give each nut one additional 
turn. 30 

Utah Radio & Electronic Corp. photos 

i 

<th 

Check mounting surface before 
putting the speaker in place to be 
sure that the surface is not warped. 

Be careful to avoid overtightening 
the nuts. Too much muscle may 
resul- in damage or distortion. 
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BONUS HAND 

Countless hours of winter -evening listening await 
the newcomer and seasoned pro alike on 120 meters 

By TOM KNEITEL, WPE2AB 

DID YOU EVER notice that the 
"bonus" short-wave band on "table - 

model" broadcast radios is usually the 
2.5-mc. (120 -meter) marine band ? The 
reasoning behind this fact is simple: 120 
meters is probably the most interesting 
band for the DX'er to monitor. 

Although there are all sorts of DX 
goodies to be heard on 120 meters, the 
big feature of the band is the batch of 
coastal radiotelephone stations, popular- 
ly known as "ship -to -shore" stations or 
"marine operator" stations, which dot 
our coastlines, the Great Lakes, and our 
larger rivers. There are a great many 
of these stations, and the table on the 

following page lists many of those most 
often heard. 

In only a few hours' listening on the 
"bonus band," you may be able to pick 
up the New York Marine Operator work- 
ing the atomic sub U.S.S. "Nautilus," the 
Miami Marine Operator talking to the 
luxury cruise ship S.S. "Yarmouth," and 
the Boston Marine Operator QSO'ing one 
of the U.S.A.F. Texas Tower radar plat- 
forms in the Atlantic. Or you might tune 
in the coastal stations on the Pacific 
coast passing calls to and from the vast 
fishing fleets which operate from Canada 
to Mexico. You can also hear tugs, 
yachts, dredges, ferry boats, Mississippi 
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Coastal Radiotelephone Stations Operating on 120 Meters 

Location Call Owner 
Frequency 

(kc.) 

Baltimore, Md. WLF Chesapeake & Potomac Tel. Co. 2558 
Barbados, B.W.I. Cable & Wireless, Ltd. 2582 
Belle Isle, Nfld. VCM Dept. of Transport 2582 
Boston, Mass. WOU New England Tel. & Tel. Co. 2450 2506 
Buffalo, N.Y. WBL Radio Corp. of America 2514 2550 2582 
Burin, Que. VCP Dept. of Transport 2514 
Burlington Canal, Ont. XL146 Dept. of Public Works 2514 2550 2582 
Camperdown, N.S. VCS Dept. of Transport 2582 
Cape Race, Nfld. VCE Dept. of Transport 2582 
Cartwright, Nfld. VOK Dept. of Transport 2538 
Cat Cay, Bahamas ZFO2 2582 
Charleston, S.C. WJO Southern Bell Tel. Co. 2566 
Chicago, Ill. WAY Illinois Bell Tel. Co. 2514 2550 2782 
Churchill, Man. VAP Dept. of Transport 2582 
Corner Brook, Nfld. VOJ Dept. of Transport 2558 
Cornwall, Ont. CZ6G Cornwall Canal Admin. 2514 2550 2582 
Detroit, Mich. W FR Mich. Bell Tel. Co. 2514 2550 2582 
Duluth, Minn. WAS Lorain County Radio Corp. 2514 2550 2582 
Galveston, Tex. KQP Southwestern Bell Tel. Co. 2450 2530 
Goose, Nfld. VAZ Dept. of Transport 2582 
Halifax, N.S. VBQ Dept. of Transport 2530 2582 
Havana, Cuba CM2K Government 2506 
Hilo, Hawaii KSV Hilo Fisheries 2582 
Honolulu, Hawaii KQM Hawaii Telephone Co. 2530 
Hopedale, Nfld. VOQ Dept. of Transport 2538 
Inagua, Bahamas VSG2 2522 
Jacksonville, Fla. WNJ Southern Bell Tel. Co. 2566 
Kingston, Jamaica Cable & Wireless Ltd. (W.I.) 2590 
Kingston, Ont. VBH Dept. of Transport 2514 2550 2582 
Lorain, Ohio WM I 

Lorain County Radio Corp. 2514 2550 2582 
Los Angeles, Calif. KOU Southern Calif. Tel. Co. 2522 2566 2598 
Louisville, Ky. WFN Warner & Tamble Radio Service 2782 
Memphis, Tenn. WJG Warner & Tamble Radio Service 2782 
Miami, Fla. WDR Southern Bell Tel. Co. 2490 2514 
Midland, Ont. VBC Dept. of Transport 2514 2550 2582 
Mobile, Ala. WLO Mobileradio, WLO 2572 
Montreal, Que. VCA Dept. of Transport 2514 2582 
Nassau, Bahamas VPN2 2558 
New Orleans, La. WAK Southern Bell Tel. Co. 2482 2558 2598 
New York, N.Y. WOX New York Tel. Co. 2482 2522 2590 
Norfolk, Va. WAE/WGB Chesapeake & Potomac Tel. Co. 2538 
North Sydney, N.S. VCO Dept. of Transport 2582 
Pittsburgh, Pa. WCM Radio Corp. of America 2782 
Pointe Noire, Que. VDP Dept. of Transport 2582 
Port Arthur, Ont. VBA Dept. of Transport 2514 2550 2582 
Port Burwell, Ont. VBF Dept. of Transport 2514 2550 2582 
Port Harrison, Ont. VAL Dept. of Transport 2582 
Port Huron, Mich. WFV Mich. Bell Tel. Co. 2514 2550 2582 
Portland, Ore. KQX Pacific Tel. & Tel. Co. 2598 
Port Washington, Wis. WAD Lorain Co. Radio Corp. 2514 2550 2582 
Prince Rupert, B.C. CFW4 North-West Tel. Co., Ltd. 2590 
Quantico, Va. WHF Chesapeake & Potomac Tel. Co. 2538 
Quebec, Que. VCC Dept. of Transport 2514 2582 
Resolution, N.W.T. VAW Dept. of Transport 2582 
Rogers City, Mich. WLC Central Radio Telegraph Co. 2514 2550 2582 
San Francisco, Calif. KLH Pacific Tel. & Tel. Co. 2450 2506 2566 
San Juan, P.R. WCT Radio Corp. of P.R. 2530 
Sarnia, Ont. VBE Dept. of Transport 2514 2550 2582 
Sault Ste. Marie, Ont. VBB Dept. of Transport 2514 2550 2582 
Sault Ste. Marie, Ont. VDX Sault Ste. Marie Canal Admin. 2514 2550 2582 
Seattle, Wash. KOW Pacific Tel. & Tel. Co. 2482 2522 
Seven Islands, Que. VCK Dept. of Transport 2514 2550 2582 
St. John, N.B. VAR Dept. of Transport 2582 
St. Louis, Mo. WGK Radio Corp. of America 2782 
Tampa, Fla. WFA Southern Bell Tel. Co. 2466 2550 
Three Rivers, Que. VBK Dept. of Transport 2514 2550 2582 
Toronto, Ont. VBG Dept. of Transport 2514 2550 2582 
Twillingate, Nfld. VOTW Dept. of Transport 2538 2582 
Vancouver, B.C. CFW North-West Telephone Co., Ltd. 2538 2558 
Wilmington, Del. WAQ American Tel. & Tel. 2558 
Wilmington, Del. WEH Diamond State Tel. Co. 2558 
Yarmouth, N.S. VAU Dept. of Transport 2530 2582 

.,,,,,,,,.--,,,,,,,-,,,,,,,,,,,, rn,,,,,,,,,, ,,,,, ,,,,,, 
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One evening's monitoring will enable you 
to hear shore -based marine operators 

call almost every type of vessel afloat. 
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River steamers, Great Lakes ore carriers, 
tankers, freighters-and sometimes an 
aeroplane or two-being worked by the 
marine operators. 

Listening "Tricks." From coast to coast, 
the DX really pours in. Its always a feast 
-never a famine. However, although 
120 meters is probably the easiest "util- 
ity" band to DX, there are a few "tricks 
of the trade" which can add to your en- 
joyment of the band: knowing where to 
listen for what station, when to listen, 
and how to send a "QSL-able" reception 
report. 

The best time to try your DX'ing on 
120 meters is during the winter, late at 
night. (During the summer you not 
only have to put up with teeth -gnashing 
static, but with tens of thousands of 
pleasure boats. The latter force some 
stations to remain on a channel continu- 
ously for several hours, jamming it for 
any kind of DX work.) If, like many 
DX'ers, you are bothered by image sig- 
nals from local broadcasting stations, 
you will find that this interference clears 

4 cálr 
4.... 

up after midnight-when many local 
broadcasters call it a day. 

Coastal stations, which generally 
use YL operators, more often than not 
identify themselves only by the name 
of the city in which they are located 
("New Orleans Marine Operator," for 
example). Sometimes the Great Lakes, 

Mississippi, and Canadian stations will 
announce their call letters. 

When a ship -to -shore call is in prog- 
ress, you can only hear one side of the 
call since the ship and shore stations 
transmit on different frequencies. If you 
hear both sides of the conversation, this 
doesn't mean that you are receiving sig- 
nals from both the ship and the station 
on shore. The coastal station is supposed 
to run a busy signal whenever the ship 
is transmitting, so that you can't hear 
both sides of a phone call; but sometimes 
the operator goofs and-instead of run- 
ning the busy signal-rebroadcasts the 
ship's signal through the coastal sta- 
tion's transmitter. 

QSL'ing Coastal Stations. The need for 
the busy signal has a direct relationship 
to the reason why the novice DX'er usu- 
ally has no luck whatsoever in QSL'ing 
coastal stations. It's all tied into some- 
thing the FCC calls "secrecy of communi- 
cations" laws, which forbid divulging 
information about ship -to -shore (and 
other) non -broadcast traffic. An unin- 
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formed DX'er will send off a reception 
report and go into all sorts of details as 
to what was said during the conversation 
he monitored. This kind of thing may be 
great for reporting to BC stations, but 
it's strictly thumbs down on 120 meters. 
A station receiving such a report will 
either file it in the wastebasket or answer 
it with a semi -nasty form letter telling 
you about secrecy of communications 
laws, and asking you to listen elsewhere. 

The "old pro" approach is to send a 
report (in letter form, never on a "SWL 
card") giving the date, time and quality 
of your reception and only the call let- 
ters of the ship the station contacted 
during the time you were monitoring it. 
Do not tell them what you heard. If 
you can't get a ship's call letters, use 
the name of the ship. Give nothing more 
than the call letters or the name of the 
ship. Then mention the type of equipment 
you use, including your antenna. And it 

A homemade QSL card should 
be prepared for each station 
you hear, since marine stations 
do not supply their own cards. 
Use the back of a self-ad- 
dressed postcard, as shown at 
left, and mail it to the station 
with your listening report. At 
the station, the frequency, 
time, date, power, and antenna - 

type blanks will be filled in, the 
card signed and mailed back. 

never hurts to say that you are aware of 
secrecy of communications laws, and that 
your reception report (and the verifica- 
tion) will not cause any violation of the 
laws. 

You might also wish to mention briefly 
some details of your achievements in 
DX'ing-such as the number of countries 
you have QSL'd, how long you have been 
DX'ing, etc. It adds a personal touch 
to the report which could help you to get 
an answer. Finally, always include with 
your report a prepared reply card that 
the station can fill in and return to you. 

The only time you should give any de- 
tails of a transmission from a coastal 
station is when you come across the sta- 
tion sending a regularly scheduled weath- 
er report. Since weather reports are 
"broadcasts," and not addressed to a 
specific station, secrecy of communica- 
tions does not apply. 

Address your reception reports to: 
Station Manager, Coastal Radiotelephone 
Station ( call letters) , (name of owner) , 

(city and state) . It's a challenge to find 
out how many of these stations you can 
hear and QSL. 30- 

_ 
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Vacuum 
Tube 
Quiz 

By ROBERT P. BALIN 

5. 

6. 

2. 

7 

8. 

4. 

February, 1961 

Glancing at a tube's symbol or one of its 
constructional features should remind you 
of the graph of its characteristic curves 
or its outward appearance or application. 
Try to identify the numbered items at left, 
below, with the corresponding lettered 
items at right. Answers are on page 1 16. 
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Tilting Tiros 11 
Magnetic "hand" tilts space satellite 

THE NATION'S latest "weather -eye" 
satellite, "Tiros II," has achieved a 

major "first" in space. By means of a 
remote -control system, ground observers 
can tilt the satellite in space for im- 
proved TV coverage of clouds above the 
earth. 

Developed by the Radio Corporation of 
America, the new orientation technique 
uses the effect of the earth's magnetic 
field to alter the "attitude" of the satel- 
lite upon command-without the need 
for special propulsion devices. This tech- 
nique was the outcome of studies by RCA 
and government scientists of an unex- 
pected gradual shift in the attitude of 
the first Tiros satellite under the in - 
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fluence of the magnetic field surrounding 
the earth. 

In the first Tiros, which returned near- 
ly 23,000 useful TV cloud pictures to 
earth following its launching last April, 
these magnetic forces caused the satellite 
to tilt gradually away from the predicted 
position of its axis in space. In Tiros II, 
the forces are being harnessed by a con- 
trollable magnetic field generated around 
the satellite itself by wire coils on the 
lower sides of the vehicle. Interacting 
with the earth's magnetic field, this con- 
trollable field gives ground observers an 
invisible "hand" to tilt the satellite on 
command, in order to obtain a more ad- 
vantageous angle. 

Spherical "cage" 
designed to produce 
magnetic fields resem- 
bling those of the earth 
was used in pre -launching 
tests of Tiros II. Here, 
Warren P. Manger, of the 
RCA Astro -Electronics 
Division, takes reading 
of magnetic effect within 
the wired "cage," pre- 
paratory to rotating the 
satellite on its mount 
for study of the 
orientation system. 
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Wide -angled television 
camera on Tiros II is 

checked by Sidney Sternberg, 
at far right, and Ralph Jor- 

dan at the RCA Space Center. 
Tiros II, mounted on its 

side in this photo, is 
identical in external 

appearance to Tiros I. 

Equipped with the orientation -control 
system and with newly developed infra- 
red instruments to measure the emission 
and reflection of solar heat by the earth 
and its atmosphere, Tiros II represents 
the second step in the experimental 
weather satellite program being con- 
ducted by the National Aeronautics and 
Space Administration to study the feasi- 
bility of regular satellite weather opera- 
tions. 

Among the major features common to 
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Magnetic orientation system 
being tested at RCA's Space 
Cente- in Princeton, N. J. 
Lights above and around the 
satellite are i sed to check 
operation of solar cells 
which surrouid satellite. 
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both the Tiros I and II satellites are elec- 
tronic clocks that control the timing of 
cameras, tape recorders, and infrared 
systems during each orbit; more than 
9000 solar cells on the top and sides of 
the satellite to convert electrical energy 
for operation of the electronic systems; 
"yo-yo" weights which slow the satel- 
lite's spin from 120 rpm to 12 rpm as it 
enters orbit; and five pairs of solid -fuel 
spin -up rockets to restore spin momen- 
tum. -[11- 
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THE FLEX I FORMER 

"Wind -it -yourself" transformer 
provides 1001 output voltages 

By CLIFFORD G. SCHMITT 

HAVE YOU EVER WISHED that you 
had a shelf full of transformers? 

No matter what voltage or current a par- 
ticular filament or transistor might re- 
quire, you could just rummage through 
the pile and come up with the right one. 
A new device called a "Flexiformer" goes 
a long way toward providing that "pile" 

NOMINAL 
OUTPUT 
(Volts) 

SECONDARY TURNS MAXIMUM 
LOAD CURRENT 

(Amperes) 

MINIMUM 
WIRE SIZE NO. FOR 

MAX. CURRENT AT NO LOAD AT FULL LOAD 

1 4 5 150 3 
2 7 9 75 8 

2.5 9 11 60 8 
5 17 21 30 10 

6.3 21 27 24 12 
10 34 42 15 14 

12.6 42 53 12 14 
24 80 100 7 18 

of transformers, and without taking up 
all that storage space ! 

The Flexiformer, available from the 
Superior Electric Company, of Bristol, 
Conn., for $25.00, could be called a "do- 
it-yourself" transformer. Actually, it's a 
self-contained toroidal primary coil en- 
closed in a doughnut -shaped iron frame 
which doubles as the magnetic core. You 
can design and assemble a transformer 
by winding a secondary coil around the 
frame. Connections are made to the five - 
way binding post on the base. 

With the Flexiformer and a standard - 
type a.c. milliammeter or ammeter, you 
can also measure a.c. currents up to 400 
times the meter's maximum reading. 

Winding Low -Voltage Transformer. The 
number of turns and wire size for a par- 
ticular voltage and current are easily 

Table 1. 

found using the information in Table 1 
or by a simple computing method which 
is engraved on the rear nameplate of the 
Flexiformer. 

Say, for example, that you need a fila- 
ment transformer to check out a high - 
power transmitting tube having a 5 -volt, 
30 -ampere filament. Using Table 1, just 
look down the Nominal Output Volts col- 
umn for 5 volts. The horizontal listing 
tells you that the number of turns needed 
will be 21, the maximum load is 30 am- 
peres, and at least a #10 wire should be 
used in winding the secondary-a slight- 
ly heavier wire will decrease losses. After 
a few minutes' work, your 5 -volt, 30 - 
ampere transformer is completed. 

If Table 1 does not list the voltage you 
want, you can calculate the necessary 

(Continued on page 119 ) 
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Ih ID YOU EVER WISH that your re- 
ceiver was sensitive enough to pull 

in DX stations from other states or coun- 
tries on the broadcast band ? Well, here's 
a one -tube r.f. booster designed to pep 
up those weak BC -band DX signals. It 
will give your signal a boost of about 
seven "S" units if you use a communica- 
tions receiver. With entertainment -type 
broadcast receivers, which are normally 
poor performers, it will have even more 
spectacular results. 

The booster can be powered by steal- 
ing plate and heater current from your 
receiver. If you have a communications 
set with an accessory socket, you can 
easily tap the power off there. It will 
be a little more trouble to borrow power 
from sets not equipped with accessory 
sockets. However, if you don't like to 
delve into the wiring of your receiver, it's 

High -gain 
r.f. stage 

brings 
pepped -up 

performance 
to almost 

any receiver 

By 
MIKE SWINK 

KOVVR 

a simple and inexpensive job to make the 
small companion power supply designed 
for the booster. 

Parts needed for the booster alone will 
cost only about $5 or so. The power sup- 
ply, if you decide you want. to build it, 
will cost slightly under $10.00. Construc- 
tion time depends on your skill with 
tools, but even a rank beginner should 
have little difficulty with the booster's 
simple circuit. 

Construction. The booster shown here 
was built in a 4" x 2! a" x 2 L/¿" aluminum 
chassis box. A larger box can be used if 
you wish. In any case, follow the layout 
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BOOSTER PARTS LIST 
C1 -365-µµJ midget variable capacitor 

(Lafayette MS -445 or equivalent) 
C2, C3, C4, C5 -0.001-µf., 600 -volt disc 

capacitor 
LI-30 turns of enameled wire-see text 
L2-Ferrite broadcast -band loopstick (La- 

fayette MS -11 or equivalent) 
L3 -2.5 -eh. r.J. choke 
R1 -200 -ohm, %-watt resistor 
R2 -100,000 -ohm, %-walt resistor 
V1 -6A1í5 tube 
I -7 -pin miniature tube socket, shield base 

(Amphenol 147-913 or equivalent) 
1-Igo" 7 -pin miniature tube shield (Am - 

phenol 5-401 or equivalent) 
1-4" x254" x 2''%" aluminum box (Bud 

CU -2103A or equiv.-see text) 
Misc.-Hardware, grommet, rubber feet, 

knob, etc. 

POWER SUPPLY PARTS 
C6, C7 -20-µf., 250 -volt electrolytic capa- 

citor 
D1 -50 -ma., 200 -volt P.I.V. silicon rectifier 
L4 -3.5 -henry, 50 -ma. choke (Stancor 

C1080 or equivalent-see text) 
SI-S.p.s.t. switch 
Tl-Power transformer; primary 117 volts 

a.c.; secondaries 125 volts at 15 ma., 6.3 
volts at 0.6 amp. (Staucor PS -8415 or 
equivalent) 

1-2" x 6" x 4" chassis (Bud AC -431 or 
equivalent) 

Misc.-hardware, binding posts, etc. 

in the pictorial. Be sure to mount 
jacks J1 and J2 on opposite sides 
of the box; both jacks are 
grounded to the box through 
their ground strips. 

Coil L2 is a standard ferrite 
antenna loopstick ; any readily 
available unit will do, but make 
certain it fits inside the box you 
choose. Coil L1 is made up of 
about 30 turns of insulated wire 
wound over L2. The exact di- 
ameter of wire used for LI is not 
important; anything from No. 
28 to No. 32 is fine, and the wire can 
have either enamel or cotton insulation. 

Mount the polyethylene insulated vari- 
able capacitor (C1) near coil L2; be 
sure to mount coils L2 and L3 at right 
angles to each other and well spaced. 
Location of the other components is not 
as critical. 

The power supply is built on a sepa- 
rate chassis following the schematic 
diagram. Parts placement here is not 
at all critical. For economy's sake, a 
1000 -ohm, 1/2 -watt resistor could be used 
instead of filter choke L.. Note that a 
single binding post is used as a common 
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The DX booster uses a ferrite loopstick, 
tuned by capacitor Cl, as its antenna coil. 
Capacitor C5 couples output to receiver. 

Small power supply can be built for the 
booster if no other power source is readi- 
ly available. Parts list is shown at left. 

APPROX. 
150 

V. D.C. 

6.3 
V A.C. 

ground for B- and one of the 6.3 -volt a.c. 
output terminals. 

Operation. Do not use the booster with 
an a.c.-d.c. set unless you use the power 
supply. If you are powering the booster 
from an a.c. (only) communications re- 
ceiver, connect the booster's three -wire 
power cable to a plug that matches the 
set's accessory socket, if it has one. The 
exact "B" supply voltage for the booster 
should be about 150 volts d.c., but no 
more than 170 volts d.c. If your receiver 
has a 12 -volt a.c. heater supply, connect 
a 36 -ohm, 2 -watt, 5% composition re- 
sistor in series with the booster's 

64 POPULAR ELECTRONICS 



Layout of booster is quite compact. Leads 
to jacks J1 and J2 must be long enough to 
permit mounting jacks on ends of box; rub- 
ber grommet prevents damage to cable. 

6.3 
v. A.C. 

LUG GROUNDED 
TO BOX 

LUG GROUNDED 
TO BOX 

ungrounded 6.3 -volt a.c. heater lead. 
With power applied, the booster is 

ready for operation. Connect a dipole 
antenna to jack J1 and connect the re- 
ceiver's antenna terminals to jack J2. 

For operation with a long-wire antenna, 
connect only the center (hot) terminal 
of J1 to the antenna with a good ground 
connected to J1's ground. 

Tune in stations on your receiver in the 
usual manner. Then adjust the booster's 
tuning capacitor (Cl) for best reception. 
The slug on coil L2 can also be adjusted 
to give operation over the entire broad- 
cast band. Since the bandwidth of tuned 

CONTACT 
GROUNDED 

TO BOX 

} 

circuit C1 -L2 is quite sharp, CI will need 
resetting whenever the receiver's fre- 
quency is changed more than 100 kc. If 
your receiver sports an antenna trim- 
mer, don't forget to use it whenever you 
tune in a new station; repeak it each 
time along with C1. 

Using the booster with a National 
NC -173 receiver in Kansas, the author 
has picked up a station on 900 kc. in 
Mexico City (XEW) 1600 miles away 
with good results on many nights. Other 
intermediate -range stations have also 
been heard with only a 30 -foot antenna 
connected to the booster. 30 
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,,yo! NO ! NO ! That is not realism. 
11 Haven't you ever heard a concert 

hall performance? Don't you know what 
real music sounds like?" 

Well, anyhow, Mike knew this much : 

the Professor was mad ; mad at Mike, 
mad at the equipment, and mad at the 
world. 

"Look," said Mike, "maybe I've got a 
tin ear, but this hi-fi system sounds good 
to me. We built the rig with the best 
components. Why, from the hand -pol- 
ished diamond stylus to the polyurethane 
cone in the 30 -inch woofer, there just 
aren't any better components." 

"Perhaps, Michael, that's precisely the 
trouble," the Professor said icily. "The 
components are too good, and you're not 
good enough. When I hired you to design 
and install the ultimate in hi-fi equip- 
ment, I counted on your ingenuity as an 
electronics entrepreneur. I thought that 
with your electronics know-how and your 
own native intelligence, you would be 
able to handle the job." 

Mike knew he was in trouble. When 
the Professor contracted him to set up a 
super stereo hi-fi system, he hadn't real- 
ized that any man could be such a stickler 
for realism. The system really sounded 
good, better than any other Mike had 
heard, possibly better than any other 
system in existence. Now he had to think 
fast to protect his promised rewards. 

By SINCLAIR 

"Prof," said Mike, "I think I know 
where the trouble is, if we assume that 
the speaker is the weakest link in the 
system." 

"Well, at least you've read what's been 
published on the subject!" 

Brushing aside this nasty remark, 
Mike continued. "I have some ideas for 
improving that weak link." 

"How?" asked the Professor. 
"First of all, we'll do away with the 

conventional electrical -to -mechanical -to - 
acoustical transfer of energy inherent in 
all cone -type speaker systems. The 
actual conversion of electrical to acousti- 
cal signals would be best." 

"Interesting," mused the Professor. 
"Go on." 

"It seems to me that since sound is 
essentially generated by alternate com- 
pressions and rarefactions of air, we 
should be able to accomplish this by 
working with ionized air." 

"Ionized air ? Without a vacuum sys- 
tem? Never." 

"Now, hold on. If we can keep the dis- 
tance between our high -voltage elements 
small enough, we should be able to pro- 
duce enough ionization to result in a 
usable effect." 

"Well," said the Profesor, "it might be 
worth a try, but hasn't this principle 
been used already in a commercial unit?" 

"Yes, but that was the Ionovac, a 
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small tweeter assembly. I plan to have 
our system cover the complete audio 
spectrum." 

Mike began scribbling on a pad. "Now, 
here are some of the things I figure we're 
going to need. I'll start on the ionizing 
grid if you'll go down to my shop and 
pick up the high -voltage power supply I 
pulled out of some junked diathermy 
equipment the other day." 

ingWHEN the Professor returned, push- 
a large cart holding two heavy 

chassis, Mike had completed most of 
the gridwork. At one end of the room he 
had strung fine copper wire from the 
ceiling to the floor in rows, so that the 
entire wall was covered by a curtain of 
wire, Tiny insulators strategically placed 
along each wire kept adjacent wires from 
touching. 

"What we have to do now," Mike said, 
as he started soldering every other wire 
to a bus bar, "is to apply the high volt- 
age to alternate wires in the gridwork 
so a high potential is set up across each 
air gap." 

The Professor quickly joined Mike and, 
with soldering gun in hand, began con- 
necting the remaining rows of wires to 
a ground lead. 

After wiring in the power supplies, 
Mike turned to the Professor with a 
hopeful smile, "All that's left to do now 
is to couple the signal voltage from the 
amplifiers to each side of the gridwork 
and sit back and listen to a system that's 
really a system." 

The final step of coupling the ampli- 
fiers to the ionizing grid was made 
through a special impedance -matching 
circuit, and the system was ready. 

"Well, let's try a record," Mike said, as 
he carefully preset amplifier level con- 
trols. 

"Ah, yes!" said the Professor, select- 
ing a record from a large stack and rev- 
erently handing it to Mike. "Here's one 
of my favorites." 

"Good grief ! Haven't you anything 
better than this? We want something 
that isn't so worn that all the transients 
are lost." 

"That happens to be one of the best I 
have," sniffed the Professor. "Besides, 
it features a Pablo Casals solo on the 
cello." 

"Okay," Mike sighed. "Pablo Casals 
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it is. Stand back, Prof, while I fire up." 
As Mike applied power to the system, 

a faint blue -violet glow became visible 
between each wire in the ionizing grid. 
The glow grew in intensity and size until 
the entire network was a wall of soft 
fluorescence, throbbing gently. 

"Line -voltage variations," muttered 
Mike as he gently lowered the tone arm 
onto the revolving record. 

Immediately the rich, full tones of the 
cello filled the room and the soft glow of 
the grid broke into rapidly changing pat- 
terns of light and shadow. Waves of 
fluorescence rolled and undulated across 
the grid in a rhythmic motion. 

"Hey, sort of sound pictures," Míke 
said. Turning to the Professor, Mike was 
surprised to see him staring at the lumi- 
nous wall. 

"Look, Michael, look ! Just right of 
center. Don't you see it? There's some- 
one sitting there!" 

As Mike looked into the glowing grid - 
work, he could see the faint outlines of a 
person playing a musical instrument. 
A cello ! 

"Prof, that's Casals. We've reproduced 
the image as well as the sound. Profes- 
sor, that's realism. This visual informa- 
tion must be unknowingly impressed on 
the fine structure of the microgroove 
modulation. This is terrific! We'll make 
millions!" 

(Continued on page 115) 
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hi-fi testing 
part 3 

The 
Square- Wave 

Generator 

THE SQUARE -WAVE GENERATOR 
enjoys the dubious honor of being per- 

haps the least used, least understcod, and 
least appreciated of all hi-fi test instru- 
ments. Yet it is undoubtedly one of the 
most useful. With a square -wave gen- erator and an oscilloscope, you can check an amplifier's frequency response by 
making three quick measurements. To 
get the same information in the usual 
way-plotting a standard frequency re- 
sponse curve with an audio generator 
and an output meter-would require at least a dozen different measurements 
over a wide range of frequencies. 

Even more important, the audio gen- 

s t _ 
"= After covering the har- 

naonic and" intermodulation 
distortión analyzers' in 

.--_ p(crts 1 and 2, we conclude 
our hi-fi testing series this 
month:with-a discussion of 

la. third test instrument--- 
. "the _square -wave generator 

By G. H. HARRISON 

erator would tell you nothing about the 
amplifier's performance except its fre- 
quency response. The three quick square - 
wave tests, on the other hand, would 
show not only frequency response, but 
transient response, phase shift, and any 
tendency toward oscillation or "ringing" as well. 

We'll look into these tests in detail a little later. First, let's examine the de- 
vice responsible for the square wave : the 
square -wave generator itself. 

The "Clipper Circuit." There are two 
basic types of square -wave generators in 
wide use today. The simplest kind is the 
sine -wave "clipper," such as the one used 
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in the EICO 377 sine- and square -wave 
generator. Figure 1 shows the simplified 
diagram of the square -wave section of 
this instrument. (For a complete discus- 
sion of the 377's oscillator, see "Test In- 
struments-the Audio Generator," POPU- 

LAR ELECTRONICS, January, February, 
and March, 1960.) 

With the waveform selector switch on 
the front panel in its "square" position, 

1 

ti 

11,,r)," 
sl. 

I ti 
+ 

xsyf. 

Fig. 1. Simplified clipper circuit in EICO 377 sine- and 
square -wave generator. Switch is shown in sine -wave position. 

the output of the 377's oscillator is fed 
to the grid of the 6SN7. Here an inter- 
esting thing happens-the signal is too 
much for the tube to handle. In other 
words, the grid draws current on positive 
peaks, and on negative peaks the tube is 
driven to cutoff. Thus, both positive and 
negative peaks of the signal are "clipped" 
or flattened, as shown by the small wave- 
form insets in Fig. 1. 

The clipped waveform is applied to 
the second triode of the 6SN7, and the 
final result is an almost perfect square 
wave. Of course, it isn't absolutely 
square. In a theoretically perfect square 
wave, the voltage would go from maxi- 
mum negative to maximum positive-and 
vice versa-instantaneously. In prac- 

Ir RISE TIME 

Fig. 2. Square -wave 
"rise time" is length of 
time required for wave to 
reach its maximum posi- 
tive or negative peak. 
Diagram purposely shows 
exaggerated rise time. 

tice, a less -than -perfect square wave, 
such as the one generated by the 377, al- 
ways takes a few microseconds to rise to 
its maximum levels (see Fig. 2). None- 
theless, such a waveform is satisfactory 
for most general test purposes. 

The Schmitt "Trigger." Although many 
instruments use some variation of the 
clipper circuit just described, a basically 
different type of circuit is coming into 

wide use. Known as the 
Schmitt Trigger (shown in 
Fig. 3), it is essentially a va- 
riation of a cathode -coupled 
"one -kick" multivibrator, a 
type of oscillator which 
doesn't have quite enough 
feedback to sustain oscilla- 
tion. But each time a signal 

OUT, 
, 

is applied, it goes through one 
cycle of operation, then sits 
back and waits for another 
"kick" to come along and stir 
it into action again. 

Unlike a regular multivi- 
brator, the Schmitt Trigger 
has no built-in time constants, 
and thus doesn't oscillate at 
any specific frequency of its 
own, Instead, sending a series 
of "trigger" pulses into the 
circuit produces square waves 

at the frequency of the pulses. Let's see 
how it works. 

Assume that there is a B+ voltage of 
about 190 volts and no input signal to 
the V1 grid. With V1 conducting, the 
voltage drop across cathode resistor R1 
is about 65 volts. Likewise, plate resistor 
R2 will drop approximately 30 volts, 
leaving some 160 volts on the plate. This 
160 volts, of course, also appears across 
the voltage divider, R3 -R4. 

The ratio of R3 to R4. is such that the 
voltage at the V2 grid is about 55 volts. 
Since V1 and V2 have a common cathode 
resistor, the 65 volts appearing on the V.1 

cathode also appears on the V2 cathode. 
With V1 conducting, V2 is cut off, and 
the circuit is in a state of equilibrium. 
The voltage at the plate of V2 approaches 
the supply voltage. 

Now assume that a negative signal 
is applied to the grid of V1. As this 
grid goes negative, the current flowing 
through V1 decreases, causing its plate 
voltage to rise. The grid of V2, connect- 
ed to the V1 plate through voltage di - 
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vider R3 -R1,, begins to go positive. As a 
result, V2 comes out of its cutoff condi- 
tion and starts to conduct. Its plate cur- 
rent flows through common cathode re- 
sistor R1, increasing the voltage drop 
across it, and, in effect, increasing the 
bias on V1-the grid voltage of which is 
still dropping. This in turn further de- 
creases the V1 plate current, raising the 
V1 plate voltage still more, and driving 
the V2 grid even more positive. As a re- 
sult, the plate current of V2 increases 
still more, which further raises the bias 
on V1, and so on. 

This process continues until V2 is satu- 
rated and V1 is cut off-a condition ex- 
actly opposite to the one we had a 
moment ago before the negative trigger 
pulse came along. Incidentally, while it 

Fig. 3. Schmitt Trigger circuit employed in 
Heath AG -10 sine -/square -wave generator. 

Fig. 4. Block diagram of Heath AG -10 gen- 
erator. Note wide use of cathode followers. 
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may sound complicated, this entire oper- 
ation takes only about one -tenth of a 
microsecond. When the process is com- 
plete, the circuit is once 'again in equilib- 
rium, although the tubes have of course 
reversed their relative positions. 

When the next trigger pulse comes 
along-positive, this time-the entire se- 
quence takes place again, but in reverse. 
The trigger pulse begins to drive the V1 
grid positive. The tube again starts to 
conduct, which simultaneously increases 
its cathode bias voltage and decreases its 
plate voltage. The grid of V2 starts to 
go negative and the entire sequence 
snowballs. The result: one ten -millionth 
of a second later, V1 is conducting again 
and V2 is cut off. Thus, the output from 
the plate of V2 is a square wave, the fre- 
quency of which is determined by the 
frequency of the input pulses. 

In practice, the shape of the trigger 
pulse is unimportant. The action of the 
circuit, as we have seen, is so fast that 
the entire reversal in either direction will 
have taken place and completed itself in 
the first one -ten -millionth of a second 
that the pulse is applied. Consequently, 
since the shape isn't important, the trig- 
ger pulse is usually a simple sine wave- 
the easiest kind to generate. 

Sine and Square. One instrument using 
the Schmitt Trigger circuit is the Heath 
AG -10 sine -/square -wave generator. Fig- 
ure 4 shows the Heath circuit in a 
full block diagram. The basic frequency - 
determining circuit is the Sulzer bridge 
(for details, see the "Audio Generator" 
series mentioned earlier). For a sine - 
wave output signal, the output from the 
Sulzer circuit is fed into a cathode fol- 
lower, then to an attenuating network. 

A sine -wave signal is also tapped off 
the Sulzer bridge and applied to the 
Schmitt circuit as a triggering pulse. 
Thus, both sine- and square -wave output 
frequencies are determined by the Sulzer 
bridge. 

Incidentally, since the two circuits do 
not interfere with each other, both the 
sine- and square -wave outputs can be 
used simultaneously. The sine output, 
for example, can be used as an external 
sync signal for the scope during square - 
wave tests. The cathode follower be- 
tween the bridge oscillator and the 
Schmitt Trigger effectively isolates the 
square -wave circuit from the oscillator, 
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WAVE 
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AMPLIFIER 
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(§01 
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Basic circuit for square -wave testing is shown above. With the switch 

in position 1, check both generator and oscilloscope for good square - 

wave response. Then flip to position 2 to check the amplifier under 

test. The waveforms below cover most common amplifier troubles. 

Poor low -frequency 
response, fair highs 

Poor high -frequency Poor low- and high 
response, good lows frequency response 

Very bad low Fair low-, very good Very poor high- and 

frequency response high -frequency response low -frequency response 

Low -frequency Low -frequency 
phase shift (leading) phase shift (lagging) 

Highfrequency 
phase shift (lagging) 

High -frequency 
phase shift (leading) 

Damped wave 
oscillation (ringing) 

so that no harmonics can be fed back into 
the oscillator to contaminate the sine - 
wave output. 

Many Frequencies. Now let's see how 
we can put the square wave to work test- 
ing a hi-fi amplifier. A little closer look 
at the square waveform itself will show 
why it is so useful. The square wave's 
usefulness springs from the fact that it 
is made up of many frequencies. In con- 
tent, this odd -looking waveform is actu- 
ally a combination of a fundamental and 

all its odd -order harmonics; for this 
reason, sending one square wave through 
an amplifier is the equivalent of using a 
large number of test frequencies simul- 
taneously. 

If a square wave of any given fre- 
quency goes through an amplifier and 
comes out looking just lige it did when it 
went in, we know the amplifier is essen- 
tially flat over a wide band of frequen- 
cies. As a rule of thumb, this band 
extends from one -tenth the fundamental 
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frequency of the square wave to 10 times 
its frequency. For example, if an am- 
plifier passes a 200 -cycle square wave 
without distortion, the amplifier can be 
assumed flat from 20 to 2000 cycles. 
Consequently, with two or three test fre- 
quencies, we can check the frequency 
response of an amplifier over the entire 
audio spectrum. 

With settings of 100, 1000, and 3000 
cycles, for example, you can check an 
amplifier from 10 to 30,000 cycles with 
a good bit of overlap between bands. 
And if the wave form fails to come out 
square, you can tell what is happening 
inside the amplifier simply by studying 
the waveform shape (see page 71 for 
hints on diagnosing waveforms). 

Transients and Phase. As we mentioned 
earlier, you can check an amplifier's 
transient response by noting its square - 
wave pattern. In general, if the square 
wave's leading edge is clean and sharp 
with the highest used test frequency, the 
amplifier's transient response is good. 

Phase shift-overlooked by some de- 
signers-can also cause distortion. Since 
music is made up of tones containing 
many harmonics and since phase shift 
varies with frequency, the different har- 
monics of any given note-each harmonic 
at its own frequency-will be shifted out 
of place by varying amounts. Thus, the 
complex phase relationships which help 
to give each musical sound its own tonal 
characteristics are upset. Square waves 
are an excellent means of measuring 
phase shift, since the shape of the out- 
put waveform always indicates whether 
phase shift is present. In addition, the 
waveform indicates whether the phase is 
leading or lagging, and thus paves the 
way for the insertion of phase -correcting 
networks. 

Ringing-damped oscillations set up 
somewhere in an amplifier's circuits-is 
so called because it is actually repro- 
duced by the speaker as a "ringing" 
sound. It can be caused by unintentional 
tuned circuits anywhere in an amplifier- 
in a tone control network, for example, 
or a capacitor -transformer combination 
which resonates at some particular fre- 
quency. When a note comes through at 
this frequency, it sets up oscillations in 
the tuned circuit. These oscillations die 
away quickly, but not before the ringing 
sound is heard. The square -wave test 

spots this trouble quickly and makes 
locating the offending circuit easy. 

Practical Tips. As with other instru- 
ments, there are a few tricks which will 
help you get better results with a square - 
wave generator. In most circuits, as in 
the Heath AG -10, the output voltage is 
taken directly from the cathode of a 
cathode follower. Since the cathode fol- 
lower is cut off for half of each cycle, 
the negative half of each square wave 
is at ground potential, while the positive 
portion is above ground. If the applica- 
tion you have in mind requires a com- 
plete absence of d.c. voltage, you will 
have to couple the output through a 
capacitor. 

Keep in mind that the square wave is 
a relatively tender beast and that its 
feelings or-more accurately-its shape 
can be easily mutilated. Consequently, 
a few precautions are in order. At high 
frequencies and high output voltages, the 
capacitance of the coaxial test leads 
usually furnished by the manufacturer 
may round off the leading edge of the 
square wave rather badly. In this situa- 
tion, ordinary "open" test leads are much 
better. 

At very low output voltages, on the 
other hand, it's best to use the coax lead 
supplied, since stray hum pickup can 
severely wrinkle the top and bottom por- 
tions of the square wave. Under certain 
conditions, you can also get better results 
by matching the characteristic output 
impedance of the cable with a properly 
calculated network. The instruction book 
will probably give details on this pro- 
cedure. 

The square -wave generator is not, of 
course, intended to replace all other test 
instruments. While it can tell you quick- 
ly if an amplifier's response is reasonably 
flat, it cannot, for example, plot a family 
of tone control curves; you'll have to go 
back to the audio oscillator and output 
meter for that. And it can't measure 
harmonic or intermodulation distortion, 
check output power, or do any of a half - 
dozen other jobs. 

But it can be extremely helpful, as we 
have seen, because of its versatility and 
the uniqueness of the tests it offers. All 
in all, the square -wave generator should 
occupy an important place on the test 
bench of anyone seriously concerned 
with hi-fi equipment. 30 
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On the ° Citizen s " 

By TOM KNEITEL, 2W 1965 

HAVE YOU SEEN the Cadre transis- 
torized 5 -watt transceivers in use in 

your area? The Cadre "500" is pretty 
new but should be in wide distribution by 
the time you read this column. Make it 
a point to watch one in action. 

The "500" has 14 transistors and 6 
diodes, which means that you can forget 
about blown tubes or heat dissipation 
problems. The transmitter is a five -chan- 
nel job, with the receiver crystal -tuned 
to five transmitting channels. One of the 
especially nice features of the "500" is 

its weight, or rather the lack of same-it 
weighs in at less than six pounds, about 
half the weight of most "tube" rigs. 

Some CB'ers who watch too much TV, 
or who are just plain "gung-ho," begin 
shouting "MAYDAY"- 
the radiotelephone inter- 
national distress signal- 
into their microphones 
when they get a fiat or 
run out of gas. Although 
this kind of trouble may, 
in fact, actually cause a 
CB'er much personal dis- 
tress. it is hardly reason enough to send 
an "SOS." As a matter of fact, it's con- 
sidered a Federal offense to do so. 

While several radio services have suit- 
able distress signals outlined in their FCC 
Rules, CB does not. Moreover, paragraph 
19.83 of the CB Rules states that "no 
person shall transmit false or deceptive 
signals or communications . . . ," thus 
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giving the FCC ample ammunition to act 
against CB'ers who push the panic but- 
ton too quickly. 

"MAYDAY" should be used only in a 
grave and severe emergency, involving 
mortal danger. Use the "CB -11" code, or 
even yell "Help!" or "Yipe!" if you must 
yell something, but go easy on that 
"MAYDAY" stuff. 

Many letters and cards have been com- 
ing in from CB clubs saying that 
POP'tronics has been adopted as their 
official CB magazine. This is very flatter- 
ing news. As you may know, amateur 
and commercial radio services have 
their own publications, but thus far CB 
has been left standing in the cold. POP'- 
tronics was the first national publication 
to recognize CB, and the first to devote 
and maintain a regular column dedicated 

to the service. As CB has grown, so has 
our coverage. We look forward to con- 
tinued growth for both. 

Ever notice how hot a CB mike can get? 
Yours doesn't get hot? Mine doesn't, 
either, but a lot of guys I hear on the air 
seem to have this trouble. They throw 
on their carrier and blow into the mike 
(to cool it off?) for a few minutes. No 
call, no talking, no nothing. I guess 
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maybe the guys with the hot mikes are 
the ones that give out with all the hot 
air when they finally decide to talk. 

Remember Hurricane "Donna" last Sep- 
tember? Roland Wendt, 7W1913, of 
Sarasota, Fla., and 26 other Florida 
CB'ers do. They were part of it. The 
story of this small band of resourceful 
CB'ers provided a much needed tribute 
for CB, and it's also pretty interesting. 
Here's what happened. 

When "Donna" was on the way to 
Florida, "Shorty" Gilbert, 7W0980, and 
a group of other CB'ers stuck a ground 
plane on the roof of the Sarasota County 
Court House. Roland Wendt set up a CB 
rig in the basement of the building. By 
10:00 p.m. Friday (Sept. 9), the station 
was ready for emergency operation, and 
25 mobile units were standing by await- 
ing instructions. "Donna" finally blew 
into town at 6:00 a.m. Saturday, and the 
CB network went into action. 

The population of Sarasota County 
was hustled into shelters and a CB mo- 
bile unit was stationed at each shelter. 
A CB mobile unit was also stationed at 
the power company to keep the emer- 
gency -repair truck dispatcher informed 
of dangerous conditions caused by the 
winds. Land -line telephone service began 
to fail about 8:00 p.m. and CB radio was 
the only organized service in contact 
with the "outside world." 

When all the power lines went down, 
the base station kept operating from an 
emergency power supply. One local 
broadcasting station was abandoned and 
another lost communications with its 
news -gathering mobile units. CB mobile 
units filled in with reports to the sta- 
tion, and then took over the power corn- 

pany's communications when its com- 
mercial rigs failed. The CB network was 
handling 50 messages per hour. 

In the midst of all this action, the band 
"opened up," and skip interference be- 
gan pouring in from 12W's out west. But 
the 12W's, hearing the emergency opera- 
tions on Channel 9, all announced that 
they were clearing the channel so as not 
to interfere. 

The CB network was in operation, 
without any interruption, until 3:00 p.m. 
Sunday. The CB volunteers risked their 
lives during "Donna." They tangled with 
falling trees, downed electrical lines, 
broken gas and water mains, high 
water, and a frightened public. 

In recognition of the contribution of 
the CB'ers, Mr. William J. Riley, Di- 
rector of the Sarasota County Civil 
Defense Council, wrote an official com- 
mendation to the Secretary of the FCC. 
His letter said, in part, "I hope this 
letter will serve to make you aware of 
the tremendous potential this body of 
men presents toward safeguarding life 
and limb. I fervently pray that other 
areas of our state and great country are 
blessed with men such as these; ready, 
willing and available to help in time of 
need." A list of all the participating 
CB'ers was included. 

After such a glowing report, we hate to 
pour cold water on the fire with some 
scuttlebutt picked up from an FCC 
source-who wishes to remain nameless -but we'd better. It seems that the boys 
in Washington are somewhat riled about 
the many complaints that they have been 
receiving on the improper use of CB. The 
squawks have come mostly from "com- 
mercials" who feel that the "rag -chew- 
ers" have ruined their investment in CB 
equipment. 

So the FCC had its field offices make a 
spot check as to the amount of non- 
sense going on in each call area. One 
of the areas reported that 82% of the 
transmissions were unnecessary. After 
7:00 p.m. the figure went up to almost 
100%. 

These FCC "surveys" more often than 
not herald a rule change. In other words, 
there's a good possibility that the old 
FCC rule -changing bandwagon may soon 
be rolling down our alley again. I hope 
that the legitimate users of CB don't get 
run over by it. 30 
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Home-brew test instrument checks home-brew projects 

IF you're tired of unsoldering transis- 
tors just to test them, and want a de- 

pendable transistor tester, this project 
is for you. With this tester, you'll be 
able to check most transistors without 
removing them from the circuit. In one 
simple operation, it will tell you the qual- 
ity of the transistor and show up leaky 
or shorted units. 

You don't have to worry about elabo- 
rate circuitry, critical wiring, or expensive 
components. Construction costs are kept 
down since no meters are used in the 
tester; a pair of lamps serve as indi- 
cators. You should be able to build the 
unit in an evening-for less than ten 
dollars. 

Construction. The transistor tester is 
housed in a 4" x 4" x 2" aluminum box 

By C. L. HENRY 

which has removable front and back 
covers. All controls and indicator lamps 
go on the front cover; mount base -current 
potentiometer R1 and power switch Si 
on the lower half, and the indicator 
lamps (I1 and 12) in the center. The 
lamps are held in place by rubber grom- 
mets and are soldered directly into the 
circuit. 

The collector, base, and emitter jacks 
(Ji, J2, and J3) connect to the tran- 
sistor under test; these jacks are 
also mounted on the front cover, near 
the top. Pin jacks serve as test jacks on 
the author's model, but universal bind- 
ing posts might be handier. In addition 
to the jacks or binding posts, you can 
also mount an audio and a power tran- 
sistor socket on one side of the box for 
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B1-3-0olt battery (two type "C" cells in series) 
CI -0.1-µf., 200 -volt capacitor 
C2-0.068-4., 400 -volt disc capacitor 
11 -2 -volt, 60 -ma. flashlight lamp (GE 49 or 

equivalent) 
12-NE-51 neon lamp 
11, 12, 13-Pin jack (Lafayette P1-23 or equiv- 

alent) 
RI-10,000-0hm potentiometer (IRC Q11-116 

or equivalent) 
R2 -220 -ohm. %-watt resistor 
S1-Two-pole, three -position rotary switch (Mal- 

lory 32231 or equivalent) 
T1-Miniature audio transformer, 1500 -ohm 

center -tapped primary, 500,000 -ohm secondary 
(Argonne AR -141 or equivalent) 

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

1-Deal "C" cell battery holder (Lafayette 31S- 
174 or equivalent) 

Misc.-Hardware, knobs, grommets, etc. 

RI C2 
BASE CURRENT 

II 'BAD - 

SI 

Actual schematic of the tester (above) and 
simplified schematic (right). See How It Works. 

rapid testing of transistors which are not 
wired in circuits. 

For testing in -circuit transistors, make 
three test leads from 2' lengths of flexible 
wire. Solder an alligator clip to one end 
of each lead and a phone tip lug to the 
other end; the phone tips mate with the 
tester's pin jacks. 

Operation. Connect each transistor 
electrode to the tester's jacks (J1, J2, 
and J3) and rotate base -current potenti- 
ometer RI to its maximum resistance 
position. Throw S1 to either its p -n -p or 
n -p -n position, according to the type of 
transistor under test; if SZ is in the cor- 
rect position and the transistor is okay, 
the "good" lamp (12) will light. (Setting 
the switch in the wrong position won't 
harm the transistor, so if you're not sure 
which type it is, try both positions. 

The brilliance of the "good" lamp is an 
indication of the transistor's quality, 
since the transistor is now actually op- 
erating as an oscillator in the circuit. 
If you have another transistor of the 
same type 'on hand, you can compare the 
relative "goodness" of the two transis- 
tors by comparing the relative brilliance 
of the "good" lamp as you test each tran- 
sistor. 

"Bad" lamp 11 indicates the transis- 
tor's collector current. The brighter the 
lamp, the higher the current. When Rl 
is in its minimum resistance position, the 
collector current should be high and the 
"bad" lamp should light for most tran- 
sistors-good or bad. With Rl in its 

HOW IT WORKS 
The transistor tester is basically an audio os- 

cillator in which the transistor under test be- 
comes an integral part of the circuit. The strength 
of oscillation provides a relative measure of the 
transistor's quality. 

In the simplified schematic of the unit (above), 
power switch Si has been omitted and the battery 
is shown connected in the p -n -p position of SI. 
Transformer TI is used in a Hartley oscillator 
circuit and as a step-up transformer. One half of 
the primary of Ti (A) serves as the transistor's 
collector load, the other half (B) for audio feed- 
back. Capacitor CI tunes Ti's primary to raise 
the oscillator voltage on T1's secondary to the 
point where neon lamp 12 will fire. The brightness 
of /2 depends on the quality and characteristics 
of the transistor under test. 

Emitter current is measured by the brightness 
of lamp 11, which also serves to limit the tran- 
sistor's current drain to less than 50 ma. Poten- 
tiometer IZ1 sets the base current of the transis- tor; resistor R2 maintains a minimum resistance 
in the base circuit. Feedback front the collector 
to the base passes through capacitor C2, which 
also blocks d.c. from the base. 

,,,,,,,,,,,11,,,,11,,,,,,,,,,,,,,,,,,,,, 1,111,,,,,,,,,,,,1,,,,,,,1,,, ,,,,,,,,,,,,,11,,,,,,,,,,,,,1 ,,,1,,.,,,,,,,.,,,1,.,,,,,1,,,,,,,,,,M 
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maximum resistance position. the "bad" 
lamp shouldn't light; if it does, the tran- 
sistor has excessive leakage. If both 
lamps light when R1 is at a maximum, it 
indicates that the transistor is operative 
but may not work in critical circuits. 

If an in -circuit transistor tests "bad," 
don't condemn it; test it outside of the 
circuit-some other component may be 
at fault. 
February, 1961 

The tester is built in a small 
utility box. If desired, an audio 
and power transistor socket 
can be mounted on the box for 
rapid testing of transistors that 
are not wired in a circuit. 

The most common trouble in power 
transistors is an emitter -to -collector 
short; if the transistor has this type of 
short, the "bad" lamp will light in all 
positions of R1. On the other hand, the 
most common trouble in audio transistors 
is an open collector or emitter; in this 
case neither lamp will light. In the last 
analysis, the "good" lamp must light for 
a transistor to be rated "good." 30 
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FOR THE PRICE, we think you'll .- 
on look far and long to beat Heath's 

AJ-10 combination AM/FM stereo niff tuner. After putting the AJ-10 
through its paces here at POP'- 
tronics, we've concluded that this attractive tuner offers just about everything the stereo broadcast listener could want-low-distortion AM, full -fidelity FM, or-in the ever-growing number of areas served by stereo broadcasts- full AM/FM stereo. Priced at $59.95, the AJ-10 stereo tuner kit is available from the Heath Company, Benton Harbor, Mich. In design, the AM section is relatively straightforward, with one tuned r.f. stage, a standard mixer -oscillator, and a single i.f. amplifier. But there are a number of "hidden" features which make the AJ-10 the true hi-fi tuner that it is. For example, a bandwidth switch offers greater selectivity in its "narrow" posi- tion, increased fidelity in its "broad" position. A low -distortion, 

AM/FM Stereo Tuner 
Heath's AJ-10 offers full -fidelity reception for less than $60 

voltage -doubler -type detector provides maximum voltage to a cathode -follower output stage, and the detector is also coupled to a magic -eye indicator tube for precise tuning. 
In the FM section, a completely wired front-end does much to simplify construction of the usually troublesome r.f. stages. A three -position a.f.c. in conjunction with a second magic -eye tube makes accurate FM tuning easy; a ratio detector in addition to a limiter stage results in noise -free reception. And, with an eye to the future, Heath has furnished a multiplex output for use with an external multiplex adapter. 
We were particularly impressed with the individual flywheel tuning on both AM and FM as well as the individual magic -eye tuning indicators. The completed unit is attractive in its vinyl - 

covered steel case and-on AM- 
ready to operate on a built-in rod 
antenna. Naturally, you'll need a 
good FM antenna for the ultimate . Q in FM reception. 30 
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It's a ham's world 

Amateur radio clubs throughout America are extending 

helping hands to CB'ers who wish to participate in this 

exciting hobby. With theory and code courses, they speed 

the CB'er on his way to Novice and General Class tickets 

More than 105,000 United States Citi- 
zens 18 years of age or older have been 
licensed by the Federal Communications 
Commission to operate low -power, short - 
distance radio transmitters for business 
and personal communications in the Citi- 
zens Radio Service. 

This astounding growth (there were 
less than 500 two years ago) suggests 
considerable latent interest in radio com- 
munications on the part of the general 
public, an interest stimulated to action 
when manufacturers began mass-produc- 
ing equipment for the Class D Citizens 
Band at a price not too far removed from 
the average man's pocketbook. That this 
interest is heavily on the personal side, 

rather than business and utilitarian, is 
evident from the Commission's difficulties 
in keeping CB licensees from straying 
into the field of the Amateur Radio Serv- 
ice-calling CQ, attempting to work dis- 
tant stations at random, etc. 

In the belief that many readers, and 
CB'ers in particular, may have an inter- 
est in a personal communications service 
with privileges and opportunities much 
greater than those at 27 mc., the Editor 
of POPULAR ELECTRONICS has asked us to 
prepare a brief outline of the amateur 
radio hobby. The following pages will 
tell you what amateur radio is, what it 
does, and what you have to do to become 
a ham. 

Headquarters Staff, ARRL 

Over two-thirds of the students enrolled in Allied Radio's Novice Amateur Course 

will pass the FCC exam held during the last session and obtain their ham licenses. 
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CITIZENS RADIO is a specific service 
with a single purpose-necessary 

communications of a business or personal 
nature, transmitted in the minimum pos- 
sible time. It is an accessory, an adjunct, 
a means to an end. And this is the major 
difference between CB and amateur radio. 
Ham radio is the end in itself. Hams get 
their licenses because they want to en- 
gage in radio communication and experi- 
mentation as an objective. 

A CB licensee is denied the right of 
experimentation with his equipment. This 
is logical and proper, for the CB'er has 
not been required to demonstrate any 
technical knowledge. The ham, on the 
other hand, has passed an FCC test in 
radio theory and practice (as well as 
code). This is not particularly difficult, 
at least for the Novice Class amateur 
license. But it entitles him to construct 
his own equipment, and to experiment 
with and alter it as the mood strikes him. 
It entitles him to try new antennas- 
which are not restricted as to height, to 
raise the power of his signal, and to try 
new circuits. 

A CB licensee is limited to a choice of 
a few specific channels in the 27-mc. 
band, and may communicate only locally. 
The ham, on the other hand, has a choice 
of numerous slices of the radio spectrum 
from 1.8 mc. to 30,000 mc. and higher. 
He can select the one he wishes to pro- 
vide communication over a distance 
ranging from "next door" to any point 
on the globe. (Novices have a limited 
selection, but they do have a choice of 
segments of four bands at different 
points in the spectrum.) Further, the 
amateur is not confined to a spot (fixed - 
frequency) channel; he may transmit 
anywhere within his assigned bands. 
This often permits him to "get out from 
under" interference and conduct two-way 
communication impossible under the 
"party -line" system of spot channels. 

A CB licensee is limited to 5 watts of 
power. An amateur may use up to 1000 
watts on most bands, although Novices 
are restricted to 75 watts. 

A CB licensee is limited to AM voice 
communication. A ham may choose that 
or c.w. telegraphy, single-sideband, FM 
telephony, radio teleprinter, facsimile, or 
even television. 

A CB licensee must be at least 18 years 
of age. There is no age limit in amateur 

radio-boys and girls of 7 have become 
hams, as have men and women of 70. 

The greatest difference of all between 
the CB'er and ham is in the things an 
amateur may do. For example, you may 
be a "tinkerer"-you may like to build 
gadgets and make them work. In ham 
radio your gadgets don't stay on the 
bench-you put them into your amateur 
station and use them for daily communi- 
cation, and it is a source of satisfaction 
that communication is made possible 
with gear you have built yourself. 

You may have the competitive urge. 
Every day thousands of amateurs com- 
pete to see who can relay the most mes- 
sages; elaborate "traffic" nets have been 
established by the Communications De- 
partment of the American Radio Relay 
League. Other amateurs compete with 
each other in working DX (distant) sta- 
tions; some have "worked" 300 different 
countries or colonies around the world, 
and exchanged colorful QSL cards in con- 
firmation. Beyond these daily activities, 
there are dozens of contests of various 
kinds held annually. The biggest is the 
Sweepstakes engaged in by amateurs all 
over the United States. Field Day brings 
thousands of amateurs into the country- 
side with portable self -powered equip- 
ment. 

One of the finest aspects of amateur 
radio as a hobby is that it is not only 
a source of delightful fun and pleasant 
recreation but also an outstanding op- 
portunity for voluntary public service. 
The communicating experience an ama- 
teur acquires, and the organized net- 
works in which many hams participate 
become of untold value to the community 
and the nation in times of disaster. Let 
a hurricane or an earthquake destroy 
normal lines of communication, and hun- 
dreds of amateurs are ready to step in 
and provide emergency circuits for the 
Red Cross, civil defense, military and 
municipal agencies. So important, in 
fact, is the amateur's work in emergency 
communication that the FCC has set up 
special rules for a Radio Amateur Civil 
Emergency Service, in which public- 
spirited amateurs can enroll as a part of 
official civil defense efforts. 

With the intense, personal interest a 
young amateur develops in his hobby, it 
is not surprising to find that many radio 
industry executives, and electronics en - 
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gineers high in the profession today, 
were first drawn to radio as a career 
through a ham station of their own. 
Nearly one-half of all amateurs are em- 
ployed in communications, electronics or 
allied fields. The rapid advances in the 
art of electronics and its daily expansion 
into new phases of American industry 
make it apparent that the field is a con- 
tinually growing one which offers un- 
paralleled opportunities to the young 
man who is faced with selecting his life's 
work. Also, a ham radio ticket is often 
useful in obtaining a communications 
assignment for those who are entering 
military service. 

You can join more than 208,000 U.S. 
amateurs by the simple first step of ob- 
taining a Novice Class license. This re- 
quires passing a code test at a speed of 
only 5 words per minute and a 20 -ques- 
tion exam in basic FCC rules governing 
the amateur service and elementary ra- 
dio practice. With this license, you can 
use radiotelegraphy anywhere in the 
3700-3750 kc., 7150-7200 kc., and 21,100- 
21,150 kc. bands, and telegraphy or voice 
in the 145-147 mc. band. 

Your transmitter must be crystal - 
controlled and limited to 75 watts plate 
power input. World-wide communication 
is possible with this type of transmitter 
(and a low-priced ham band receiver) 
which you can design and construct your- 
self, assemble from a kit, or purchase 
ready-made. Your financial outlay won't 
be much greater than for the cheapest 
CB transceiver. 

The term of the Novice Class license 
is one year, by which time you will have 
adequate skill in code and radio theory 
to pass the General Class exam. A Gen- 
eral Class license is good for five years, 
is renewable, and allows all amateur 
privileges on all bands. 

To start in ham radio, you are not 
obliged to appear personally at an FCC 
office. Novice Class examinations are 
taken "by mail," under the supervision 
of a volunteer examiner who holds a 
General Class or higher ham license. The 
FCC district office will, on request, mail 
the examination in a sealed envelope, 

which can be opened only by the volun- 
teer examiner. First, you demonstrate 
your ability to receive and send 5 wpm 
of code. Then, assuming you pass, you 
tackle the written quiz. All papers, to- 
gether with the volunteer examiner's 
certification, go back to the district of- 
fice. In a few weeks, you will have your 
ham ticket. 

Amateur radio clubs around the country 
sponsor code and radio theory training 
classes for those interested in ham radio. 
At the end of the course they conduct the 
FCC examination. Booklets on learning 
code, theory, and FCC regulations are 
published by the American Radio Relay 

Musts for the beginning ham, these three 
ARRL publications are available at most ra- 
dio parts dealers. Their total cost is $1.25. 

League and are available from its West 
Hartford, Connecticut, headquarters or 
at most radio distributors. 

Ham radios appeal is universal. A 
cross section of amateur radio is a cross 
section of any community. When you get 
on the air as a ham, you may find your- 
self talking with the son of a fórmer 
President of the United States, or a popu- 
lar band leader, or a high-ranking mili- 
tary officer-or your newsboy or gas 
station owner. All are bonded together 
by an intense, personal interest in the 
art of radio communication and experi- 
mentation. 

Turn the page for a comprehensive listing of 

amateur radio clubs that hold training classes 
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Listed bélow in alphabetical order by state and city are - 

radio amateur clubs that are tentatively scheduled to 
hold training classes this winter. Each club's -name 'is 

Fayetteville High School 
Amateur Radio Club 

= Joe G. Roberts, W5TIC 
Fayetteville High School 

- Fayetteville, Ark. _ 

Lockheed (Aircraft) Amateur 
Radio Club 

Dean Norvell - 
- Dept. 72/25-Lockheed Aircraft 
Burbank, Calif. 

Dunsmuir Amateur Radio Club - 

Ray Rains, W6IOM 
Box 692 
Dunsmuir, Calif. 

Fresno Amateur Radio Club (C) - 
Secretary 
P. O. Box 783 
Fresno, Calif. 

Douglas El Segundo Amateur 
Radio Club 

George Leber, W6MDQ 
238 W. 137 St. 
Hawthorne, 'Calif. 

N6VPZ Radio Club (C) 
Henry Lulli, W6OLZ 
175 N. Hawthorne Blvd. 
Hawthorne, Calif. 

Antelope Valley Ama teur ' 
Radio Club 

Jack Kaufman, W6OLG 
Box 1221 
Lancaster, Calif. 

San Fernando Valley Radio Club 
William Cassillas, K6BAU 
7657 Hinds Ave. - 

North Hollywood, Calif. 

Orange County Amateur 
Radio ClubInc. 

Shelley Trotter, W6BAM 
18811 E. Vanderlip 
Santa Ana, Calif. 

Denver Radio Club, Inc. 
Sid Schomay, WOIJD 
1328 Holly St. 
Denver, Colo. 

Montrose County Amateur 
-Radio Club 

Fred King, Jr., KOGEU 
439 S. 6th St. 
Montrose, Colo. 

Stamford Amateur Radio Club -- 
Norm Wilford 
Creeping Hemlock Rd. 
Norwalk, Conn. 

Steel City Amateur Radio Club 
Frank Beebe 
2114 Sherwood Lane 
Pueblo, Colo. 

University of Conn: Amateur 
Radio Club 

John -Fisher 
Rm. 206 Theta Chi 
Storrs, Conn. 

Stratford Amateur Radio Club 
Richard Carlson, W1KZX 
Booth Park 
Stratford, Conn. 

Daytona Beach Amateur 
Radio, Assn., Inc. 

Clyde P. Mashburn, W4SDR 
25 S. Halifax Dr. 
Daytona Beach, Fla. 

St. Petersburg Amateur 
Radio Club 

James N. -Dillrnan 
P. O. Box 4026 
St. Petersburg, -Fla. 

Tampa Amateur Radio Club, Inc. 
Herb Smith, K4LML 
123 Besphorus Ave. 
Tampa 6, Fla. 

Amateur Radio Club -of 
Augusta, Ga., Inc. 

AIAllred, K4AUM 
Bell Ave. & Saxon Dr. 
Hephzibah, Ga: 

Kennehoochee Amateur 
Radio Club 

H. C. Merséreau, K4YRO 
P. O. Box 160 
Marietta, Ga. 

Allied Novice Amateur Course 
George Bercos, W9WOV 
Allied Radio Corp. 
100 N. Western Ave. 
Chicago 80, III. 

Hamfesters Radio Club, Inc. 
Betty E. Sandberg, W9STR 

, 5035 N.'Kennison 
Chicago 30, III. 

Vermilion County Amateur 
Radio Assn. 

Oliver Jones, W9IIE 
29 S. Beard St. 
Danville, Ill. 

Montgomery County AREC 
D. A. Hoover =_ 

401 E. Wood 
Hillsboro, Ill. 

Joliet Amateur Radio Society 
J. R. House, K9HUY 
1610 Avalon Ave. 
Joliet, Ill. 

Kankakee Area Radio Society 
Robert C. Mehrer, K9CWF 
RFD 3 
Kankakee, Ill. - 

Y-RAD Club 
E. Paul Johnson, K9BEF 
604 -9th Ave. 
Rock Falls, Ill. ' 

Sangamon Valley Radio Club - 

E. A. Metzger, W9PRN 
1520 S. 4th St. 
Springfield, III. . 

Tri State Amateur Radio Society 
J. W. Russelburg 
P. O.` Box 5 
Evansville, Ind: ' 

Calumet Amateur: Radió Club 
Charlés J: Hanusin, K9GSV 
2021 Indianápolis Blvd. 
Whiting; Ind. 

Quinebaug Valley Radio Club 
Roger M. Johnston, KIJNS 
Brimfield, Mass.- . " 

Massachusetts Dept.. of Education 
Division of,Uni'versity Extension 

W William G. elsh,.W1SAD 
24 -Antrim St. 
Cambridge.39, Mass. 

Waltham Amateur Radio Assn. - 

Verne Robertson, W1EGE 
84 Orange St. 
Waltham Mass: 

Laké Region Amateur Radio Club, 
Arne Arneson, KOYDT 
Fergus Falls,.Minn: 

St. Paul Radio Club,,Inc. 
Norman Johnson,.WOTHY 
998 McLean Ave. - 

St. Paul 6. Minn. ' 

Winona, Amateur Radio Club (C) 
Scott Báudhuin, KOQPG 
Winona, Minn. 

Baldwyn Amateur Radio Kiub 
Lanny Outlaw 
Baldwyn, Miss. 

Mid-Mo Amateur Radio Club 
Don L.' bulle 
1825 W. Main 
Jefferson City, Mó. 

-Butte Amateur Radio Club 
Bob Corbett, W7FLB 
2032 California 
Butte, Mont. - 

Hi Line Radio Club, 
James E. Woodwick, K7BQN 
1163 Grant Ave.' 
Havre, Mont. 

Lincoln Amateur Radio Club 
John Turner, KOJKH 
3235 Walker Ave. 
Lincoln 4, Nebr. 
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followed ,by the. , nate of the person to contact for more 
information. -The letters (C) or (TH), when used,' mean 
that code classes only or theory classes only are given 

Avenel Radio Club (C) 
Adolph F. Elster, W2FSL 
53 Commercial Ave. 
Avenel, N. J. 

Woodbridge Radio Club (TH) 
Tom Malloy 
87 Bedford St. 
Iselin,- N. J. 

Pompton Valley Radio Club, Inc. 
Lester Tansek, K2MDV 
131 MacDonald Dr. 
Wayne, 'N. J. 

Auburn Amateur Radio Assn. 
Robert Laxton, W2TCU 
Bluefield Road 
Auburn, N. Y. 

Elmira Amateur Radio Assn., Inc. 
Dransfield Hamilton 
954 Farham St. 
Elmira, N. Y. 

Cornell Amateur Radio Club 
David Bessel 
Dryden Rd. 
Ithaca, N. Y. 

Communications Club of 
New Rochelle 

Gray Berry, K2SJN 
c/o C.D. Office 

.281 Washington Ave. 
New Rochelle, N. Y. 

Delehanty Institute 
Mr. Ward, Registrar 
117.E. 11th St. 
New York 3, N. Y. 

(nominal charge) 

RCA Institute 
350 W. 4th St. 
New York 14, N. Y. 

' (nominal charge) - 

Ogdensburg'Amateur Radio Club 
Bob Gerecke, WA2FJN 
16 Academy Place 
Ogdensburg, N. Y. 

Port Jervis C.D. Radio Club 
Harold Aughton 
3 Weversink Ave. 
Port Jervis, N. Y. 

Rochester Amateur Radio 
Assn., Inc. 

Peter C. Trapolino, K2RIT 
60 Yarker Ave. 
Rochester 12, N. Y, 

Eastern Suffolk Radio Club, Inc. 
C: Walter Lindgren, W2AJR 
Parish Memorial Hall 
Lewis St. 
Southampton, N. Y. 

Mecklenburg Amateur 
Radio Society 

Robert W. Reed 
Box 3230 (T) 
Charlotte, N. C. 

Kinston Amateur Radio Society 
E. E. Kupstas 
1809 Queens Rd. 
Kinston, N. C. 

Greater Cincinnati Amatéur 
Radio Assn. 

Paul R. Wolf, W8IVE 
1329 Coolidge Ave. 
Cincinnati 30, Ohio 

Parma Radio Club 
Tom Hill, K8DHX 
5310 W. Pleasant Valley Rd. 
Parma 29, Ohio 

Seneca Radio Club 
Kenneth M. Hydeman 
48 Short St. 
Tiffin, Ohio 

Northfork Amateur Radio Club 
0. T. Keith 
Box 43 
Carter, Okla. 

Chisholm Trail Amateur 
Radio Club 

Bert Isbell 
1310 S. 13 St. 
Duncan, Okla. 

Muskogee Amateur Radio Club 
"Chief" Breshears, W5EJK 
1112 E. Okmulgee 
Muskogee; Okla. 

Lehigh Valley Amateur 
Radio Club 

James H. Fry, K3HCA 
827 N. Leh St. 
Allentown, Pa. 

Delaware -Lehigh Amateur 
Radio- Club 

Robert R. Rothrock, K3MAZ 
1719 Callone Ave. 
Bethlehem, Pa. 

Coke Center Radio Club 
H. S..Dolde, K3BTF 
818 Morrell Ave. 
Connellsville, Pa. 

Reading Radio Club, Inc. - 

Russell W. Frederick, W3CDS 
Berks County Court House 
Sixth and Court Sts. 
Reading, Pa. 

Lancaster Amateur Radio Club 
W. Tom Myers, Jr. 
Box 431 
Lancaster, S. C. 

-Sioux Falls Amateur Radio 
Club, Inc. 

J. W. Sikorski 
Box 91 
Sioux Falls, S. D. 

Radio Amateurs Club 
of Knoxville (C) 

F. E. Lamb. K4VZI 
6007 Kaywood Dr. 
Knoxville, Tenn. 

Corpus Christi Amateur 
Radio Club 

Gene Henderson, K5WQF 
P. O. Box 2073 
Corpus Christi, Texas 

Dallas Amateur Radio Club, Inc. 
W. F. Waters, W5PED 
1519 Kings Highway 
Dallas 8, Texas 

Convair Amateur Radio Club 
Max W. Schelper, K5BTZ 
Box. 12282 
Fort Werth, Texas 

Houston Amateur Radio Club (C) 
Haeold Tharrett 
5922 South Seas 
Houston, Texas 

Peninsula Amateur Radio Club 
Dick Stetsón, K4DHO 
203 Maney Dr. 
Newpórt.News, Va. 

Shenandoah Valley Amateur 
Radio Club 

Claude Feigley 
P. 0. Box 139 
Winchester, Va. 

Walla Walta Valley Radio 
Amateur Club 

Edwin F. Goodman, W7GYH 
712 Whitman 
Walla Walla, Wash. 

Apple City Radio Club 
Al Friedman 
1031 Lindy 
Wenatchee, Wash. 

Blennerhassett Amateur Radio, 
Club 

Charles R. Helmick, W8IBF 
2511 Oak St. _ 

Parkersburg, W. Va. 

Sheridan Radio Amateur 
League, Inc. 

Wayne hale, K7HDY 
P 9. Box 37 
heridan, Wyo. 

February, 1961 83 


