
Elect 
Ruby & Gaseous 

LASERS 
n Communications, 
Industry & Medicine 

ACOUSTICAL LENSES 
or Hi -Fi Loudspeakers 

TV 

INTERFERENCE 

PROBLEMS 

ELECTRONIC 

WEIGHING 

For Automation 

TRACKING SATELLITES 

A new, highly accurate sys- 
tem that pinpoints spacecraft 
and satellites by the use of a 

single or three widely sepa- 
rated ground radars. Objects 
can be located between the 
earth and moon with a track- 
ing resolution of 16 yards in 

distance and within a speed 
of as little as 4 inches /sec. 
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S1EL 
TO WIDER RANGES 

GREATER ACCURACY 

Model 630 -NA 
VOLT -OHM- MILLIAMMETER 
PRICE $7950 

EXCLUSIVE PATENTED 
14Bar-Ring Shielded Movements 

2 

120 

OUT 
MIT 

CSM 

ÁC0 
rn 

"lY'ij , 

ALNICO MAGNET IS MOUNTED 

INSIDE SOFT IRON RING; 

SELF -SHIELDED 

DIE CAST ONE- PIECE 

PROVIDES PERFECT ALIGNME 

FOR TOP AND BOTTOM BEA 

INGS. HOLDS IRON CORE I 

EXACT ALIGNMENT 

FACTS MAKE FEATURES: 

2 
3 

70 RANGES - nearly double those of conventional testers. Un- 
breakable window. Mirror Scale. 

HIGHEST ACCURACY -1%,% DC to 1200 volts, 3% AC to 1200 

volts; mirror scale and knife -edge pointer to eliminate parallax. 

FREQUENCY COMPENSATED -Flat from 20 CPS to 100,000 CPS; 
varies from 3/, to l' /, DB at 500,000 CPS. Temperature compensated. 
Meter protection against overloads. 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

Uses Unlimited: 
FIELD ENGINEERS APPLICATION 
ENGINEERS ELECTRICAL, RADIO, 
TV, AND APPLIANCE SERVICEMEN 

ELECTRICAL CONTRACTORS 
FACTORY MAINTENANCE MEN 
INDUSTRIAL ELECTRONIC MAIN- 
TENANCE TECHNICIANS 
HOME OWNERS, HOBBYISTS 

MODEL 630 -NA -RM 

RACK MOUNTED VOM 

Same ranges as Model 630 -NA, except for 
3000 and 6000 AC and DC volts. Heavy 
etched aluminum panel 19" x 5% ". Stand- 
ard test leads come out the front. $109.50. 

630 630 -A 630 -PL 630 -APL 630 -NA 630 -NS 630.T 631 310C 666 -HH 800 666-R 

FOR EVERY PUHYUSE -TUE *UHIU'S MUST GUMPLEft LINE OF YOM's/AVAILABLE FOR IMMEDIATE DELIVERY FROM YOUR TRIPLETT DISTRIBUTOR'S STUC' 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


New Heavy Duty 
RFI Suppression Kit 
For Mobile Radio 

RADIO HAMS, fleet owners, 
and CB operators can now 
enjoy clearer, more readable, 

less tiring mobile communications 
at longer effective ranges. 

Sprague's new Type SK-1 SUP - 
PRESSIKIT provides effective R -F 
Interference suppression -at moder- 
ate cost -up through 400 megacycles. 
Designed for easy installation on 
automobile, truck, or boat engines 
with either 6 -volt or 12 -volt genera- 
tors, the Suppressikit makes possible 
high frequency interference control 
by means of Sprague's new, ex- 
tended range, Thru- pass" capacitors. 

The components in the SK -1 Sup - 
pressikit are neatly marked and 
packaged, complete with easy -to- 
follow installation instructions. All 
capacitors are especially designed 
for quick, simple installation. 

The generator capacitor is a 
heavy -duty unit rated at 60 amperes, 
and will operate at temperatures to 
125 °C (257 °F). This means you'll 
have no trouble with an SK -1 in- 
stallation in the terrific temperatures 
found "under the hood" on a hot 
summer's day. There's no chance of 
generator failures from capacitor 
"short outs," as with general pur- 
pose capacitors. The Thru -pass 
capacitors for use on voltage regu- 
lators are also rated at a full 60 
amperes. 

The Deluxe Suppressikit is fur- 
nished complete with an 8 -foot 
shielded lead on the generator ca- 
pacitor which can be trimmed to 
necessary length for any car or small 
truck, preventing R -F radiation from 
armature and field leads. 

Containing only 5 easy -to- install 
capacitors, the Deluxe Suppressikit 
is a well- engineered kit. The net 
price is a little higher than that of 
many thrown -together kits, but it 
saves you so much time and ag- 
gravation it's well worth the slight 
extra cost. 

For additional information on the 
Type SK -1 Suppressikit, sec your 
Sprague Electronic Parts Distributor. 

Sprague TWIST -LOK Capacitors give you 

2 tremendous advantages over 

all other twist -prong electrolytics 

1 
The right size, 

the right rating, for 
EVERY replacement job 

No need to compromise or 
improvise...the TWIST -LOK 
Line includes over 1690 
different capacitors ... It's 
the industry's most complete 
selection of twist -prong 
type capacitors, bar none! 

2 
Exclusive, improved 

cover design for 
greater dependability 

Type TVL Twist -Lok Capaci- 
tors are now more depend- 
able than ever! Sprague's 
new cover design provides 
a truly leak -proof seal and 
permits capacitors to with- 
stand higher ripple currents. 

Compare internal construction of TWIST -10K to ordinary 'Lytic! 

CATHODE TAB BEARS 

RUBBE R i OE METAL 
CAN. PERMITS 
ELECTROLYTE 
SEEPAGE 

PINC' ED E W BETWEEN PINCHED 
DISC AND 

METAL CAN OFTEN 
CAUSING TAB TO 
BREAK S POIINT POINT 

AT 

ORDINARY ELECTROLYTIC CAPACITOR 

Complete listings are shown in handy 
Wall Catalog C -457. Get your copy 

from any Sprague Distributor, or 
write to Sprague Products Company, 
51 Marshall St., North Adams, Mass. 

WORLD'S LARGEST 

TA.:\ST-PRONG 
ANOD TAB 
STARED AND WELDED 
TO TERMINAL 

PHENLIC RUBBER 

CATHODE 
OTwISiññO 

WELDED 
GS 

TIGHTLY -COMPRESSED 

METAL CAN FORT 

SE TES 
R 

AA. 

IMPROVED CAPACITOR 

SEEPAGE OF 
ELECTROLYTE. 
REDUCES POSSIBILITY 

PRESSURE 
SLOW -OUT 5" 

ALUMINUM CAN 

CAPACITOR SECTION. 

SPRAGUE TWIST-LOIP ELECTROLYTIC CAPACITOR 

MANUFACTURER OF CAPACITORS 

F CIRCLE NO. 151 ON READER SERVICE PAGE 

SPRAGUE 
THE MARK OF RELIABILITY 

CIRCLE NO. 149 ON READER SERVICE PAGE 
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Scott Stereo Tuner Kit 

Wins Rave Reviews 
from every Leading Hi -Fi Expert! 

Just one year ago Scott introduced the LT -11O FM Stereo Tuner Kit. 
High Fidelity Dealers built this superb kit themselves, examined its 
many features, and recommended it without reservation. Enthusiastic 
kit builders deluged us with mail. Now the verdict is in from all the 
leading technical experts. Never before in the history of the industry 
has a single kit received such unanimous praise. We reprint a few 
excerpts below. 

from 
POPULAR ELECTRONICS 
"No commentary on Scott Kits would 
be complete without first mentioning 
that this company pioneered new areas 
in the hi -fi kit market and brought 
forth several (then- radical) innovations. 
One of them continues to fascinate all 
purchasers of a Scott Kit - the full - 
color instruction manual.... Scott also 
pioneered the Kit -Pak - a shipping 
container which serves as a temporary 
workbench and storage box ... a test 
model of the LT -110 was wired at 
POPULAR ELECTRONICS in just 
under five hours. Another 40 minutes 
was used for careful alignment and the 
tuner was "on the air." ... The LT -110 
met or exceeded all the manufacturer's 
detailed specifications on sensitivity, 
distortion, output level, a.c. hum, and 
capture ratio ... the audio response is 
excellent, being within ± 1 db, from 
approximately 20 to 16,000 cycles... . 

Channel -to- channel crosstalk is partic- 
ularly excellent both in terms of uni- 
formity and the fact that it holds up 
well above 10,000 cycles.... Frequency 
drift of the LT -110 from a cold start 
is extraordinarily low - less than 5 kc. 
The a.c. hum level (referred to 100% 
modulation) is low and exceeds the 
manufacturer's rating by 5 db. ... It's 
difficult to imagine a kit much simpler 
to assemble than the LT -110. The full - 
color instruction book eliminates just 
about the last possible chance of 
wiring errors. . . From a plain and 
simple operational standpoint, the 
LT -110 works well and sounds good." 

Popular Electronics, Oct. 1962 

2 

from ELECTRONICS WORLD 
"Construction time for the unit 
we tested was 6% hours, without 
alignment . in listening tests, 
the tuner showed its high useable 
sensitivity to good advantage. 
Using an in -door antenna which 
produced marginal signal to noise 
ratios on most other tuners we 
were able to get noise -free, un- 
distorted stereo reception. It's 
quite non -critical to tune, hardly 
requiring the use of its tuning 
meter." Electronics World, Nov. 1962 

from AUDIO 
"The LT -110 (is) so simple to build 
that we unhesitatingly recommend it 
for even the novice.... We found that 
the useable sensitivity (IHFM) was 
2.1µv . . a fine stereo tuner and an 
unusually easy kit to build." 

Audio, April 1962 

from RECORD GUIDE 
"It seems to me that every time I 
turn around I am building another 
of H. H. Scott's kits. And each 
time I end up praising the unit to 
the skies. 
The Scott instruction books should 
be a model for the industry. They 
feature full -color, step -by -step, 
illustrated directions. Each resistor 
or other component is shown in 
the progressive phases in its color 
code and in its proper position... 
There is no audible drift in the 
LT -110 whatever. You can shut the 
tuner off on a station and pick it 
up the next day, perfectly tuned, 

CIRCLE NO. 146 ON READER SERVICE PAGE 

without touching the tuning dial. 
No AFC circuits are included in 
this tuner and none are needed. 
This tuner kit has to be ranked on 
the same plane as H. H. Scott's 
factory -wired units. It is an excel- 
lent product, and because of its 
conservative parts very likely to 
give long, trouble -free service." 

American Record Guide, Sept. 1962 

Now Sonic Monitor* Added 
Scott's unique Sonic Monitor has now 
been added to the LT -110. This fool- 
proof stereo signaling device tells you 
audibly when you are tuned to a 

stereo station. Just turn the switch to 
"Monitor ", and tune across the dial. 
When you hear the monitor tone from 
your speakers you know you've tuned 
to a station broadcasting new FM 
Stereo. Now switch the Monitor knob 
back to "Listen" to enjoy perfect stereo 
sound. 
LT -110 $159.95 (slightly higher West of Rockies.) 

'Patent Pending 

0 SCOTT 
H. H. Scott, Inc., 111 Powdermill Rd., Maynard, Mass. 
Dept. 16012 
Rush me complete details on your LT -110 FM 
Stereo Tuner Kit and other superb Scottkits. 
Be sure to include your new free Stereo Record, 
The Sounds of FM Stereo" showing how new 
FM stereo sounds, and explaining important 
technical specifications. 

Name 

Address 

City State 
Export: Montan Exporting Corp., 058 Broadway, N.Y.C. 

Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto 

ELECTRONICS WORLD 
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CONTENTS 
INDUSTRIAL 

Lasers and Their Uses Ken Gilmore 
Complete .status report on this new, intense light source that can be tised 
for .space communications. precision radar, and in medicine and industry. 

29 

Recent Developments in Electronics 36 

! Electronic Weighing Walter H. Buchsbaum 
Automated processes such as mixing, .sorting, and packaging rely on elec- 
tronic techniques to detect .scale balance. measure, and record freight. 

38 

High- Accuracy Satellite Tracking System James E. Kirch 52 
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In seconds: 

the correct definition for 

the 5000 most frequently 

used electronic terms 

RADIO 

TELEVISION 

ELECTRONICS 

DICTIONARY 
by 
NATIONAL RADIO 

INSTITUTE STAFF 

over 5000 terms 

192 pages 

R R 004. 

5 years of planning and compilation make it easier 
than ever before to find the definitions of elec- 
tronic terms used in your daily work. No matter 
what area of electronics you are in- engineer, 
technician. hobbyist or student -this new RADIO - 
TELEVISION - ELECTRONICS DICTIONARY 
should he standard triuipment at your desk. Like 
any electronic dictionary; it provides definitions 
of electronic terms. However, unlike other die. 
tionaries now available, the Rider RADIO -TELE- 
VISION - ELECTRONICS DICTIONARY locates 
the definition you need faster and easier. What's 
more, it's more complete- contains over 5,000 of 
the terms you're most likely to run across in your 
work. hobby or studies. 

No mere searching -Locate the definition you 
need immediately If you've ever used a reference 
source that continually referred you from one 
place to another. consuming time and building up 
your blood pressure, you'll appreciate the direct 
approach used in the Rider RADIO- TELEVI- 
SION -ELECTRONICS DICTIONARY. For 
example, if you need the definition for "grounded - 
grid amplifier," you simply refer to "grounded - 
grid amplifier," instead of first looking up ampli- 
fiers: see "grounded- grid" and then making an 
extra time -wasting reference. The Rider RADIO - 
TELEVISION- ELECTRONICS DICTIONARY is 
a direct line to the definition you need quickly! 
or S years et painstaking h guarantees com- 
pleteness, y Over 5000 commonly used 
terms are defined, based on standards from EIA, 
IRE. AIRE, AES, ASA, SMPTE. Painstaking 
research by the members of the National Radio 
Institute Staff, the authors of this book, assures 
that the most commonly used terms are included; 
that their definitions are correct; their descrip- 
tions to- the -point, in language that is easy to 
understand. 

Why you should have this amazing reference 
at your fingertips flow many times a day do you 
need the definition or spelling of a common elec- 
tronic term? If you're a student, you'll find it 
both an aid to jearning more about electronics and 
a practical reference that assures correct spelling 
and correct use of a term. 
If you're an engineer or a technician, the correct 
definition can mean so much when writing a re- 
port, or explaining an electronic term to people 
with whom you work. And, if you work in a com- 
pany. think of the hours saved in retyped letters 
and proposals by providing clerical assistants with 
a copy of this easy-to-use electronics dictionary. 

TURNS BEGINNERS INTO MASTERS 
OF THIS TIME- SAVING TOOL 

USING THE SILDE RULE IN ELECTRONIC TECHNOL- 
OGY b11 ('ho rira Alvarez. Reveals the secrets of 
developing top slide rule speed and accuracy. It 
shows students - beginners and advanced - how 
to solve practical electronic math problems with 
a slide -rule. Twenty exciting chapters illustrate 
the fast, short -rut techniques that normally take 
years of on- the -job work to learn. #353. $2.50. 
At bookstore, electronic distributors, or order direct. 

ORDER TODAY -USE THIS COUPON 
JOHN F. RIDER, 

the 
PUBLISHER, 

Pub. 
INC. 

Co., a division al the Hayden Puh. , Inc. 
116 W. 14th Street, New York 11, N.Y. 

I enclose $ Please send_ 

D 
D CT ONARY,I 

ELECTRONICS 
$3.50 

USING THE 
SLIDE RULE IN ELECTRONIC 

Free catalog of Rider books. 

Name 

Address 

City Zone State 
I0.day money hack guarantee. Return hook to pub- 
lisher within Ill day. ..f purchase for full rehlial 
if tel atistinl. 
INI - BMOn - - -fi-- 
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COMING 
NEXT MONTH 

Special 
Features 

I..I(i(al I'(IIII('\1(II'1(I 

"Microelectronics" -New integrated circuits, being worked on in a score of 
laboratories, promise fantastic size reduction of equipment, more reliability, 
and, eventually, low cost. William O. Hamlin of Fairchild Semiconductor dis- 
cusses that company's integrated circuits. 
FM Multiplex Signal Generator -A "must" for every audio service shop and hi -fi 
salon which handles stereo equipment, this article provides complete construc- 
tion details on a carefully engineered instrument which incorporates all of the 
features needed by professional audiomen. A spare -time project for the shop. 

V.I.F. LOOP ANTENNA 

The increasing popularity of the low- 
I requency band has spurred a need for 
a low -cost, sensitive antenna for receiv- 
ing such broadcasts. The author de- 
scribes a home -built loop antenna which 
is ideal for this service. 

WIRELESS STEREO CONVERTER 

A unique and interesting project for the 
home builder. A phono oscillator which 
transmits one stereo channel to a small 
broadcast -type receiver permits an in- 
expensive mono record player to operate 
as a "stereo" unit. 

FCC ANSWERS OUR QUESTIONS 

ON BUSINESS RADIO 

Official answers to thirteen important 
questions regarding the Business Radio 
Service -who is eligible? what equip- 
ment? what licenses are required? how 
good is the coverage? All these questions 
-and others -are answered completely 
and authoritatively. 

POWER TRANSISTOR SPECIFICATIONS 
What are the important mechanical, 
electrical, and thermal characteristics 
that the technician must recognize when 

working on transistorized equipment? 
John R. Gyorki of Burroughs Corpora- 
tion outlines the important parameters 
and explains why they are important. 

RC COUPLING NETWORKS - 
A PRACTICAL VIEWPOINT 

7Yte network consists merely of a capaci- 
tor and a resistor, but slight changes in 
either component can hare far- reaching 
effects on circuit operation. Pointers to 
keep in mind when a defect occurs or 
when one of these components must be 
changed are covered in this practical 
article. 

PROBLEM OF TUBE -SHORT TESTING 

What is meant by the sensitivity of a 
tube checker's shorts test? What differ- 
ent types of tube shorts can occur and 
how are they detected by the various 
test methods employed? Anyone who 
has occasion to evaluate tube condition 
should understand the problems out- 
lined by A. Overstront of Westinghouse. 

All these and many more interesting and 
informative articles will be yours in the 
January issue of ELECTRONICS 
WORLD ... on sale December 20th. 

ZIFF -DAVIS PUBLISHING 
William B. Ziff 
Chairman of the Board (1946-1953) 

William Ziff 
President 

W. Bradford Briggs 
Executive Vice President 

Hershel B. Sarbin 
{'ice President and General Alunagrr 

s1Iss 
Member ;e/ 

e - U 
Audit Bureau of ;( , 

Circulations \ t Ilh.11 FllrFl l'll' 
ee ts'ise 

Radio & TV News Radio News RadioElectronic Engineering Trademarks Reg. U.S. Pet. Off. 

SUBSCRIPTION SERVICE: AlI subscription correspondence should be addressed to Electronics World. Cir- 
culation Department. 434 South Wabash Avenue. Chicago 5. Illinois. Please allow at least six weeks for 
change of address. Include your old address. as well as new -enclosing if possible an address label from 

a recent issue. 

EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable 
care; however publisher assumes no responsibility for return or safety of art work. photographs. or 

manuscripts. 

COMPANY 
M. T. Birmingham, Jr. 

{ice /'resident und Treasurer 

Robert P. Breeding 
(:in,ulati..n Director 

Charles Housman 
Financial {fee President 

Stanley R. Greenfield 
{ice l'rrsident 

ELECTRONICS WORLD 
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What Job Do You Want 
In Electronics? 

Whatever it is, Cleveland Institute can help you get it! 

Yes, whatever your goal is in Electronics, there's a 
Cleveland Institute program to help you reach it 
quickly and economically. Here's how: Each CIE 
program concentrates on electronics theory as ap- 
plied to the solution of practical, everyday problems. 
Result ... as a Cleveland Institute student you will 
not only learn electronics but develop the ability to 

Electronics Technology 

A comprehensive program 

covering Automation, Coln 
munications, Computers, 

Industrial Controls, Televi- 

sion, Transistors, and prep- 

aration for a 1st Class FCC 

License. 

Industrial Electronics & Automation 

1111111111- 

use it! This ability makes you eligible for any of 
the thousands of challenging, high -paying jobs in 
Electronics. Before you turn this page, select a pro- 
gram to suit your career objective. Then, mark 
your selection on the coupon below and mail it to 
us today. We will send you the complete details... 
without obligation ... if you will act NOW! 

First Class FCC License :.:... 
'< z 

..eN.,:R.r11:m'.:rone}'nmly{ 

. -1 ; çt - 
sm.'e.Rp)'iestip3 

e 

If you want a 1st Cl2ss FCC 

ticket quickly, this stream- 

lined program will do the 

trick and enable you to 

maintain and sery ce all 

types of transmitting 
equipment. 

Electronic Communications 

This exciting program in- 

cludes many important 
' r subjects as Computers, 

Electronic Heating and 

..O Welding, Industrial Con- 

... [fit trots, Servomechanisms, 

and Solid State Devices. 

A 

Broadcast Engineering 

Here's an excellent studio 

engineering program which 

will get you a 1st Class FCC 

License and teach you all 

about Program Transmis- 

sion and Broadcast Trans- 

mitters. 

Cleveland Institute 
of Electronics tell 
1776 E. 17th St., Dept. EW72A 
Cleveland 14, Ohio 

Accredited Member 

Mobile Radio, Microwave, 

and 2nd Class FCC prepa- 

ration are just a few of the 

topics covered in this "corn- 

pact" program ... Carrier 

Telephony too, if you so 

desire. 

Mail Coupon TODAY For FREE Catalog 

L 

Cleveland Instiute of 
1776 E. 17ih St., I hi'i EW72A 
Cleveland 14, Ohio 

Please send FREE Career Informa- 
tion prepared to help me get ahead in 
Electronics, without further Ohl iga l ion. 

CHECK AREA OF MOST 
INTEREST - 

Electronics Technology 
Industriad Electronics 
Broadcast Engineering 

Your present occupation 

Name 

Address 

City Zone Store 

EW71A 

Electronics 

,How to Succeed 
in Electronics 

4 

First -Class FCC License 

Elect run tc Communications 

Age 
(pleose print) 

ELECTRONICS WORLD I+ nulIl.ne,l . 1n1,nlnl, 
I; /Ilr.nae lunIM1nn Company at 4:4 South taln.n A.-a n lIneago 

" 
ID time. 

!n 

Canada ,,,1 lan\mertran Union countries 55.50; all other forelen $11.01). second I 

'i: t'i n Ii` . a. .e.,d eta.. man l, the Office Department. Ottawa. .n,da am for payment , . 
,..,.c, 

December, 1962 

t 

,pp, Year United State. and Itlm,i and at andill,lnal m:llllllg \0..1. 
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CAPACITOR TESTER 
Pocket -Size Unbreakable 

Factory Wired 

U S PAT. PEND 

Part No. E -2 
110 AC DC operation 

TESTS: paper ceramic 
mylar electrolytic 
motor Capacitors from 

.002 to 2000mf 
INDICATES:' good leaking 

open shorted 

CHECKS: diodes rectifiers 
resistors fuses 

DETECTS: RF high voltage 
insulation leakage 

DISCARD 
'BORDER- LINE" FILTERS 
CAPPY detects current leak -. 
age in HIGH MFD and WVDC 
electrolytics. 

Complete with cord and leads, factory, 
wired. MADE IN U.S.A. OF ALL AMERICAN 
COMPONENTS. 

Available at local electronic parts distributors, or 
'end crick. cash or money order to DEPT. E-12. 

ANOTHER NEW WATSCO PRODUCT 

i t MnI 
ZE 

FOR PART NO. DZ-1 E 

DETECTING AND ISOLATING INTER- 
MITTENT COMPONENTS IN SECONDS 

No need to bake or run 
chassis for hours 

to find intermittent 
components. 

Just spray INSTANT 
ZERO on suspected 
part for immediate 

results. 

ONLY 
Pin -points and controls 
temperature down to 20° 

Protects expensive components 
from heat damage while soldering 

Saves time - money 
Packaged in full 16 oz. aerosol can, com- 
plete with extra long (71 plastic spout. 

Available at local electronic parts distributors, or 
send check, cash or money order to DEPT. E -12. 

1800 WEST 4th AVE.. HIALEAH, FLORIDA 
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... for the Record 
By W. A. STOCKLIN 

Editor 

Transistors for Hi -Fi? 
WITI I the dosing of the New York 

I li-Fi Show on October 6th, the 
high -fidelity component industry has con- 
cluded another successful year of show 
activities. The main theme, as one would 
expect. sy :IS F \I- stereo multiplexing. and 
some 32,0(10 visitors were pleased with 
what they saw and heard. 

There were many new and interesting 
products. but my own thoughts were cxnt- 
fined to ideas and trends that would help 
ns predict what the future has in store for 
our industry. It seemed quite evident, at 
least I have no doubts, that the next phase 
is the complete trarsistorization of hf -ff 
components. It might take 1, 3, 5, or 10 
years, depending entirely on how fast the 
industry moves. But, regardless of time, the 
change from tube to semiconductor designs 
is inevitable. 

slost engineers agree on one point -that 
to convert simply because of the glamour 
of semiconductors is ridiculous, and only 
when transistorized equipment can provide 
a real advantage in sound reproduction, 
should transistors he used. This is an ideal 
philosophy. and the only one to follow to 
create not only a healthy. progressive indus- 
try but one that will give dollar/perform- 
ance ;ml mltage to the consumer. 

Of course there are design problems to- 
day, hilt we are convinced that, from a tech- 
nical yisypoint, transistor designs offer 
many advantages over tubes in hi -fi ampli- 
fiers -wide frequency response ( d.c. to 100,- 
000 c'yc'les or more), much better transient 
response. less phase shift, notch higher 
damping factor. hopefully less maintenance, 
and all this %with comparatively low values 
of distortion. 

Most people agree that transistorized am- 
plifiers sound dlifferent, and those who have 
been involved with their design claim that, 
without a doubt, the quality of reproduction 
is much superior to equivalent tube yersiuns. 
From others. not too close to present (level - 
npnnnh. rn gets inked reactions. Some 
claim that the difference is simply a IlOW 
form of distortion. %chile others have a 
"wait-and -.1, attitude. 

The fact that aye can eliminate all audio 
transformers overcomes mane limitations of 
tube designs. We can now have much better 
transient response with less ringing and 
overshoot. One can argue that a very wide 
passhatd is not important. since we are only 
interested in the audible range. But we 
know it clops help, though it may only be a 
by- product and simply an indication of a 
quality design. 

Much work must yet he done, not only 
nm amplifiers and tuners, but on other com- 
ponents. Speakers and cartridges, for ex- 
ample, must be reviewed. Present speakers 
can be used, but to achieve ultimate per - 
formance, there must be further develop- 
ment work clone. In view of the much 
better transient response of transistorized 
equipment, speakers oust be further im- 
proved to handle these sudden excursions 
and, at the same time, with much less dis- 
tortion. 

Cartridges, too, will have to be rede- 
signed for use with transistors. Although 
present cartridges are good, let us not for- 
get that transistors are low- impedance de- 
vices. Were cartridges redesigned for closer 
impedance match, improved performance 
would result. 

As far as preamplifier, power amplifier, 
and tuner conalonents are concerned, there 
are minor circuit problems that most be 
solved. None of them seems to be too seri- 
ous or insurmountable. 

\Ve saw a number of transistorized de- 
signs at the Hi -Fi Show, Harman- Karrhnl. 
Heath, Scott, Sherwood, Lafayette, Omega, 
Altec Lansing, and a new company, Aeon- 
tic Technology Laboratories, all displayed 
units. It is rather difficult to predict when 
other manufacturers in the hi -fi industry 
will come out with transistorized versions 
of their products. 

One of the major difficulties is the serious 
lack of engineers and technicians who are 
qualified designers both in audio and semi- 
conductor technology. Our present audio 
engineers are mainly tube men and, al- 
though they do know basic semiconductor 
theory, there is still much that many of them 
must learn alout transistors. On the other 
hand, semiconductor engineers are usually 
far front being qualified in audio work. 
Semic'onduc'tor manufacturers have been 
working with the audio industry and various 
basic designs have been suggested by them, 
but most of them to date have not added 
materially to the growing art of sound re- 
production. 

This is an unfortunate situation, since it 
means that those in the audio industry are 
not in a position to specify precisely the 
characteristics of the semiconductors 
needed, nor does the semiconductor indus- 
try know exactly what is required he the 
audio designers. 

The problem will he solved, but it will be 
necessary for the audio industry to take the 
initiative. It is their responsibility to do the 
necessary development work. 

You can help us by returning coupon on page 57. 
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Zea,u4 See-a/tooled 
PREPARE FOR YOUR F. C. C. LICENSE YOUR TICKET 

TO A BETTER JOB AND HIGHER PAY! 

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

GRANTHAM TRAINING PREPARES YOU 
The Grantham Communications Electronics Course prepares you 

for a FIRST CLASS F.C.C. license, and it does this by TEACH- 
ING you electronics. Each point is covered simply and in details 
with emphasis on making the subject easy to understand. The 
organization of the subject matter is such that you progress, step - 
by -step, to your specific objective -a first class F.C.C. license. 

CORRESPONDENCE OR RESIDENCE CLASSES 
Grantham training is available by correspondence or in resident 

classes. Either way (residence or correspondence), we train you 
quickly and well -no previous training required. Even a beginner 
may qualify for his first class license in a relatively short time. 

RESIDENT CLASSES HELD IN FOUR CITIES 
To better serve those students who wish to attend resident 

classes, Grantham School of Electronics offers DAY and 
EVENING classes in four different cities -Los Angeles,Seattle, 
Kansas City, and Washington,D. C. The same rapid course in 
F. C. C. license preparation is conducted in all four locations. 
If you are interested in attending a DAY or EVENING class, 
indicate the city of your choice in the coupon below, and mail 
the coupon to Hollywood for free information. There is no 
obligation of any kind. 

This book /et 

FRFF! 

This free booklet gives / 
details of our training 
and explains what an 's 

F.C.C. license can do 
for your future. 

Upgrade Your Income with a First Class 

F. C. C. LICENSE 
HERE'S PROOF... 
that Grantham students prepare for F.C.C. examinations in a 
minimum of time. Here is a list of a few of our recent graduates, 
the class of license they got, and how long it took them: 

License Weeks 
Gary DeLeo, 9219 N.E. 76th St., Vancouver, Wash..... 1st 
Dennis P. Miller, 416 W. Oak St., Alexandria. Va. 1st 
Cecil C. Hironimus, 113 Berwick Rd., Johnstown, Pa 1st 
Max D. Reece, 4222 Fremont Ave. N., Seattle 3, Wash 1st 
Robert Benns, 3802 Military Rd. N.W., Washington, D.C 1st 
Jon M. Martin. 7913 Sausalito Ave.. Canoga Park, Calif 1st 
Kline H. Mengle. 401 Granville Dr., Silver Spring, Md 1st 
Gary D. Burnard, Johnson Rd., Kirkwood, RD #1, N. Y 1st 

12 
12 
12 
20 
12 
24 
24 
12 

YOUR F. C. C. LICENSE 
IS U.S. GOVERNMENT EVIDENCE OF 

YOUR KNOWLEDGE IN ELECTRONICS 

GRANTHAM 
SCHOOL OF ELECTRONICS 

LOS ANGELES SEATTLE KANSAS CITY WASHINGTON 

1505 N. Western Ave., Los Angeles 21, Calif..... HO 7 -7121 

408 Marion Street, Seattle 4, Washington MA 2.7227 

3123 Gillham Road, Kansas City 9, Mo. JE 1.6320 

821 -19th Street, NW, Washington 6, D.C. ST 3 -3614 

Accredited Member of the 
National Home Study Council 

(Mail in envelope or paste on postal card) 

To: GRANTHAM SCHOOL OF ELECTRONICS 
NATIONAL HEADQUARTERS OFFICE 
1505 N. Western Ave., Hollywood 27, Calif. 

1 

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 salesman will call. 

Name _ 

Address 

City 

I am interested in: 

Los Angeles classes, 

Age 

State 

Home Study, Kansas City classes, 26T 
Seattle classes, Washington classes 

_MAIL COUPON NOW -NO SALESMAN WILL CALL"->L 
December, 1962 CIRCLE NO. 122 ON READER SERVICE PAGE 7 
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SLR\, IC L TECHNICIANS. FNGINEERS, 1 EST LABS SAY . . THE POPULAR MIGHTY MITE IS 

8 

THE 

Here i t is .. . 

Designed for the present 
and far into the future. 
Tests all of your pres- 
ent tubes plus the new 
RCA Nuvistors and 
Novars, GE Compactrons 
and Sylvania 
10 pin tubes. 

C 

A complete tube tester that is smaller than a portable type- 
writer yet outperforms testers costing hundreds of dollars. 
A real money maker for the serviceman and a trusty com- 
panion for engineers, maintenance men and experimenters. 

Even though the Mighty Mite weighs less than 8 pounds, 
new circuity by Sencore enables you to use a meter to 
check grid leakage as high as 100 megohms and gas condi- 
tions that cause as little as one half microamp of grid cur- 
rent to flow. Then too, it checks for emission at operating 
levels and shorts or leakage up to 120,000 ohms between all 
elements. This analytical "stethoscope" approach finds 
troublesome tubes even when large mutual conductance 
testers fail. And it does all this by merely setting four con- 
trols labeled A, B, C, & D. 

Check these plus Sencore features: New, stick -proof 
D'Arsonval Meter will not burn out even with a shorted 
tube Meter glows in dark for easy reading behind TV set. 

Finds 'em Fast! 

Checks 'em All! 

New large Speedy Set -Up Tube Chart in cover, cuts set -up 
time Rugged, all -steel carrying case and easy grip handle 

Smallest complete tester made, less than one foot square. 
The Mighty Mite will test every standard radio and TV 

tube that you encounter, nearly 2000 in all, including foreign, 
five star, auto radio tubes (without damage) plus the new 
GE Compactrons, RCA Nuvistors and Novars and Sylvania 
IO pin tubes. 

Mighty Mite also has larger, easy -to -read type in the set- 
up booklet to insure faster testing. Why don't you join the 
thousands of servicemen, engineers, and technicians who 
now own a Mighty Mite tube tester? Tube substitution is 
becoming impossible and costly with nearly 2000 tubes in 
use today. Ask your authorized Sencore Distributor for the 
New Improved Mighty Mite. Size: 101 /a" x 91/4" x 31/2 ". 
Wt. 8 lbs. 
MODEL TC114 

Sencore Sam says . 

"They all agree . the Mighty Mite 
is the real answer for the man on the go." 

S E N C O R E ADDISON, ILLINOIS 

CIRCLE NO. 147 ON READER SERVICE PAGE 

Dealer Net $74.50 
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It's already tomorrow 
on the other side of the world ... 

Hear the modern 
pioneers in action! 

Hallicrafters World Range Radios bring 
the words and sounds of adventure into 
your living room direct -from a huge 
liner fog bound at sea to a giant bomber 
on Arctic patrul. Even America's Astronauts 
may be heard on some models! 

Your "listening post" for 
hundreds of countries! 

. * 

You're truly in tune with the whole world 
through your Hallicrafters. On-the-spot news 
broadcast in English from over 200 foreign 
stations ... and there's nothing like 
the real thing for foreign language study! 

Beautiful S -120 Hallicrafters World-Range Receiver- Standard Broadcast plus three short wave bands. 

Foreign, amateur, aviation, marine and emergency frequencies. Has "bandspread" or razor -sharp 

tuning of close -together stations. Only $69.95 

e e . and tonight, you can hear what's happening 
on your hallicrafters world -range radio! 

"Hear radio `hangs' 

melt the 
iron curtain!" 

y1 No tyrant 
ßt1 in history has yet 

been able to crush the free exchange of 
good will that occurs every day among 
the radio amateurs of the world. "Hams" 
(250,000 strong In the U.S.A. alone) 
are our first line of communication in 

time of disaster, too. Hear them on 

your Hallicrafters! 

S.O.S,! "s- 

S. O. S.! ._ 

When emergency strikes, you may be on 
the scene with your Hallicrafters 
World Range radio. Marine ... fire ... 
police ... civil defense channels ... 
all at your fingertips. 

December, 1962 

Before you retire tonight, a new dawn 
of critical world events will begin in the 
major capitals and trouble spots around 
the globe. 

Yet tonight, through Hallicrafters World 
Range Radio, tomorrow's history springs 
to life in your own home. While it is 

happening. 

With a twist of a knob, you could be 
listening to Moscow one minute .. . 

Berlin ... Africa or New Delhi the next. 
You tune easily through the decisive 
voices of varied world reaction and 
opinion- hundreds of English, as well as 

foreign language, broadcasts from the 
four corners of the earth. 

Never before have you been so thor- 
oughly informed. Never before have you 
grasped so quickly the full impact of 
momentous events. Or felt so much a 

part of them. 

It's incredible . . . 

what you'll hear on a 

ha//icra fiers 
Prices higher outside U.S.A. 

CIRCLE NO. 158 ON READER SERVICE PAGE 

CHICAGO 24, ILLINOIS 
Copyright 1962 by Hallicrafters Co. 
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Music ... soft and caressing ... vibrantly 
alive . . . inspiring. The pure sound of 
Grommes stereo recreates each mood .. . 

with fidelity and presence of infinite su- 
periority. Prices are sensible ... quality 
unsurpassed. 

Model 101M FM multiplex- stereo tuner. Magic bar 
tuning with exclusive Stereo Sentry to indicate 
stereo broadcasts $139.95 
Model 102M FM and AM multiplex tuner with all 
features of above ... ................$159.95 
Write GROMMES 
Division of Precision Electronics, Inc., 
9101 King St., Franklin Park, Ill. 

inmeL 
sets the 
scene... 

FROM OUR READERS 
TRANSISTORIZED IGNITION SYSTEM 

To the Editors: 
I constructed the transistorized igni- 

tion system which appeared in the 
August issue of ELlcTnoxlcs \1'onLU. I 

have been using it in my car, a 1958 
Simca, for son a time and the perform- 
ance is almost unbelievable. 

The most notable improvement has 
been in power. Top speed going up a 
large hill near my home with the con- 
ventional system was about 53 miles per 
hour. Since installing the transistorized 
unit, I have checked the performance on 
this hill three times and have never 
failed to do at least 68 miles per hour. 
'l'op speed on the level has increased far 
in excess of 10 miles per hour. I have 
not used the unit long enough to check 
out the gas mileage, but with the proven 
increase in efficiency, I am convinced 
that it can do nothing but skyrocket. 

Being an electronics engineer myself, 
i have experimented with transistorized 
ignition systems for the past few months 
without too much success. Mr. Saatjian's 
circuit seems to have succeeded in giving 
the performance desired. After compar- 
ing this circuit with the others I have 
tried, I am quite sure that the main 
item which insures the good perform- 
ance of this unit is the bias network, 
consisting of R_, R::, and SRI, which guar- 
antees that the transistor will tune off 
very rapidly. Other units which I have 
tried depended on the turn -off time of 
the transistor itself and unless this was 
extremely good, performance suffered. 

What changes should be made in the 
circuit to adapt it to a 6 -volt system? 

Sincere compliments to your excellent 
magazine for publishing this article and 
also to Mr. Saatjian for a fine bit of en- 
gineering. 

ELTON L. WooD 
Sperry -Utah 
Salt Lake City, Utah 

We certainly appreciate Reader 
H'ood's comments on his experiences 
with the transistorized ignition system. 
1Vc have heard from other readers who 
have been quite pleased with the circuit 
as well. Some of them point out a pre- 
caution that .should he observed. how- 
ever. The car's ignition switch should not 
be left on accidently overnight or for 
long periods of time with the engine off, 
.since excessive d.c. current would flow 
through the transistor and through the 
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coil, probably damaging them. There- 
fore, be certain to turn off the ignition 
switch after completing a drive. 

For readers interested in converting 
the 12-colt system described in our 
August issue to 6 volts or to a 12 -volt 
positive -ground ignition system, we 
would like to point out that Author Saat- 
jian has worked up some additional in- 
formation on the original circuit that 
would answer these questions. This in- 
formation appears in a brief article un- 
der the title "Additional Notes on Tran- 
sistorized Ignition System" in this issue. 
-Edit ors. 

C O 

SEMICONDUCTOR RECTIFIERS 
To the Editors: 

Let me point out a fallacy in your ad- 
vice on silicon- rectifier testing to Mr. 
Richard Shaw of Ames, Iowa in one of 
your recent "Letters from Our Readers" 
columns. 

The forward and back resistance of a 
semiconductor rectifier, whether it be 
silicon, germanium, or selenium, is a 
complex function of the current and volt- 
age used and are not constant values, 
particularly under the test conditions you 
describe. 

Quoting from technical literature of a 
silicon rectifier supplier: "An ohmmeter 
measurement of forward and back resist- 
ance might first come to mind, but the 
results of such a test are not reliable and 
may lead to erroneous conclusions. The 
available current in an ohmmeter is gen- 
erally one milliampere or less, and thus 
when measuring the forward direction of 
a rectifier it will not indicate the non- 
linear decrease in resistance for a slight 
increase in voltage past the threshold 
point. Also, in the reverse direction, an 
available ohmmeter voltage on the high 
resistance scales will not show a reduc- 
tion in peak inverse voltage rating unless 
an almost complete short has occurred." 

A tube rectifier, where used, is prop- 
erly the first suspect in "B +" troubles, 
but with silicon rectifiers it should be the 
last. Silicon rectifiers are quite reliable, 
long -lived components and can take a 
surprising amount of mechanical and 
electrical abuse before failure, and the 
rare failure is usually rather complete, 
not a gradual weakening as with tube 
rectifiers. There are, however, some sim- 
ple tests to detect whether or not the 
silicon rectifier is at fault. 

First, check the temperature of the 
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Ball MANUFACTURING CO. 
Division of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 
Export: Empire Exporters, 277 Broadway, New York 7, U.S.A. r- Y. ...a n., sranre treVMPr nt .. 

See Only the Scale You Want... in the Exact Range You Want 

just set the range switch 

and the correct scale appears 

AUTOMATICALLY 

V O MATIC 360 
AUTOMATIC VOLT -OHM MILLIAMMETER 

WITH 
BURN -OUT PROOF 

METER 

in the new 

VOM and VTVM 

Greatly simplifies your VOM use. Individual full -size scale for each range -and 
only one scale visible at any one time, automatically. Once you set the range 
switch, it is impossible to read the wrong scale. Reading in the range you want is 
amazingly easy -and direct. No reading difficulties, no multiplying, no errors. 

Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy ±3 %a DC; ±5 %a AC; 
(full scale). DC Volts in 6 ranges 0 -6000. AC Volts in 6 ranges 0.6000. AF (Output) in 4 ranges 
0 -300 volts. DC Current in 5 ranges 0 -10 amps. Resistance in 4 ranges 0.100 megohms. 
Supplemental ranges also provided on external overlay meter scales. Meter protected 
against extreme overload and burn -out. Polarity reversing switch. Automatic ohms -adjust 
control. Mirrored scale. Complete with 11/2-volt and 9 -volt batteries, test leads, 
and easy -viewing stand. Net, $5995 

DYNAMATIC 375 
AUTOMATIC VACUUM -TUBE VOLTMETER 

Once you set the range switch, you automatically see only the scale you 
want and read the exact answer directly. Saves time, eliminates calcula- 
tion, avoids errors. Individual full -size direct -reading scale for each range. 
Simplifies true reading of peak -to -peak voltages of complex wave forms in 
video, sync and deflection circuits, pulse circuits, radar systems, etc. 
Includes DC current ranges, too. 

Accuracy ±3 %a full scale AC and DC. Sensitive 100 microampere meter movement. 
DC Volts in 7 ranges 0-1500. AC Volts (rms) in 7 ranges 0-1500. AC Volts (peak -to- 
peak) in 7 ranges 0 -1500. DC Current in 3 ranges 0-500 ma. Ohms in 7 ranges 0-1000 
megohms. Utilizes single DA -AC ohms probe and anti -parallax mirror. Swivel stand 
converts to carry -handle. Includes 11/2 volt battery. 
Operates on 117 volts 50-60 cycle AC. Net, $8995 

Ask Your B &K Distributor 
for Demonstration, or 

Write for Catalog AP2O-N 

ecember, 
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14,000,000 reasons why 
fewer cartridges : replace more models 

@' tie up less capital mean greater profits 
Leading record player manufacturers -from the low -price mass producers 
to the well -known high fidelity manufacturers -have chosen to protect the 
quality of their products with Sonotone -more than 14 million times! That's 
the number of Sonotone cartridges incorporated as original equipment in 
the products of the nation's leading producers. And, that's also the number 
of genuine direct replacements you can make with Sonotone cartridges. 

Normally, it would take a large inventory of cartridge models to provide 
replacements for 14 million record players. Not with Sonotone. Sonotone 
has so engineered its line that just a few models make it possible for you 
to offer a direct genuine Sonotone replacement to your share of 14 million 
potential customers. What's more, with only a few models the Sonotone 
line replaces the most frequently used cartridges of other manufacturers. 

Sonotone has just released a series of new stereo and mono high fidelity 
ceramic cartridges with the same standard physical dimensions as cartridges 
now used in over 14,000,000 record players. 
Rely on Sonotone -the line that requires fewer cartridges to replace more models. 
Now available in the handy 6 -Pak at your distributors. 

SONOTONE® CARTRIDGE 
Sonotonee Corporation Electronic Applications Division Elmsford. New York 

Cartridges Needles Speakers Tape Heads Mikes Electron Tubes Batteries Hearing Aids 
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rectifier with the fingers (protected by 
paper or rubber glove against shock). If 
the rectifier is hot (normally it should be 
not more than comfortably swarm), it is 

either overloaded or defective. To check 
for overload masure the current be- 
tween the rectifier output and the first 
filter section and compare with the recti- 
fier rating. If the current is not excessive, 
the rectifier is very probably defective 
and should be replaced. If the rectifier is 

not hot, check the a.c. voltage to ground 
at the rectifier input taking care to use 
the lead, mounting cap, or stud of the 
rectifier itself as the test point. If the a.c. 
voltage is normal, but the d.c. voltage is 

not, then the rectifier has probably lost 
rectification efficiency and is defective. 
If little or no d.c. voltage is present, 
check for a short or semi -short under 
load, at the input to the first filter section 
and for proper a.c. input to the rectifier. 
If a bad short is found, the rectifier has 
probably been damaged beyond use. 

Since selenium rectifiers, because of 
their lower efficiency, tend to run some- 
what warm, the temperature test should 
be replaced by the "sniff" test. A clam - 
aged or overloaded selenium rectifier 
%will have a distinct "garlic" odor (these 
fumes are poisonous in heavy concentra- 
tions) . 

K. C. \IcCARrr 
Senior Research Engineer 
Universal -Rundle Corporation 
Jlahoningtoswn, Pa. 

The method suggested by as was not 
intended to be laboratory-accurate. 
However, tee still feel that an approxi- 
mate measurement of front -to -back ratio 
lias some validity even though it may not 
be done at the exact voltages and cur- 
rents used in the applications.- Editors. 

0 o e 

NON- DIRECTIONAL STEREO 

To the Editors: 
I have just checked the proofs of my 

article "Non- directional Stereo Effects" 
which appeared on page 41 of your 

.ow,.... 1 

October, 1963 issue. I find that I hase 
macle an error in the switching circuit 
shown in Fig. 1. I am attaching the cor- 
rected diagram with this letter. 

CHARLES J. HIRSCH 
Corporate Staff for Engineering 
Radio Corporation of America 
Princeton, New jersey 

With the original circuit, proper op- 
eration could occur if the two discs were 
not played at once. The above figure 
shows a better arrangement.-Editor, 
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The new RCA MARK VIII 

27 -Mc 2 -WAY RADIO 

SaUtLCH RfCCIVE 

Ott -40: 

CHANNEL 

More Features Improved Performance AT A LOWER PRICE 
Here is THE outstanding bargain today in a 2 -way Citizens' Band 
radio: THE NEW RCA MARK VIII. Compact, dependable, simple 
to operate, it outperforms and offers more features than even 
the famous RCA Mark VII. 
Look what this remarkable new unit offers you: 

9 crystal -controlled transmit and receive channels 
Tunable receiver for reception of 23 C -B channels; dial marked 
in both channel numbers and frequency 
Exceptionally good voice reproduction -high intelligibility 
Maximum allowable transmitter input of 5 watts' -nominal 
output of 3 watts or more 
Highly selective superheterodyne receiver with one rf and two 
if amplifier stages 
Operates from standard 117 -volt AC; separate DC power supply 
(optional) for mobile installations (you don't pay for unneces- 
sary power supplies) 
Electronic switching -no relay noise or chatter 
Illuminated "working channel" feature 
Light and compact -only 3t/ inches high, weighs only 8 pounds 
with mike; fits easily under the dashboard of even a compact car 
Improved Automatic Noise Limiter to reduce effects of ignition 
and similar interference 

plus many more features to increase its usefulness and efficiency. 

The new low Mark VIII price $Ì 4950' 
puts 2 -way radio convenience within reach of everyone 

GET THE FULL STORY; FILL OUT AND SEND IN THE COUPON 

RCA Electron Tube Division, Commercial Engineering, Dept L -41 -R 

415 South Fifth Street, Harrison, New Jersey 

Please! Rush more information on the new RCA Mark VIII 2 -way 
Citizens' Band Radio. 

BELOW 

Name 

Address 

City Zone State 

Maximum plate input power to final radio- frequency 
omplifer stages os defined by FCC regulations "Optional list price 

n The Most Trusted Name in Electronics 
© 
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News from Bell Telephone Laboratories 

WE'RE "FINGERPRINTING" 

VOICES...TO FIND BETTER WAYS 

OF TRANSMITTING THEM 

Acoustics scientists at Bell Telephone Laboratories study 
voices to learn how one voice differs from all others, what 
makes yours instantly recognizable to friends and family, and 
what the elements of a voice are that give it the elusive 
qualities of "naturalness." 

To enable us to examine speech closely, we devised a 
method of making spectrograms of spoken words. We call 
them voiceprints. They are actual pictures of sound, reveal- 
ing the patterns of voice energy. Each pattern is distinctive 
and identifiable. They are so distinctive that voiceprints may 
have a place, along with fingerprint and handwriting identifi- 
cation, as an important tool of law enforcement. 

The shape and size of a person's mouth, throat and nasal 
cavities cause his voice energy to be concentrated into bands 
of frequencies. The pattern of these bands remains essen- 
tially the same despite modifications which may result from 
loss of teeth or tonsils, the advancement of age, or attempts 
to disguise the voice. 

Study of voiceprints and recognition factors is part of our 
exploration of new techniques to extract and transmit the 
minimum essentials of a person's voice and from these recon- 
struct the original voice at the receiving end, retaining its 
factors of naturalness. 

Our ultimate goal, as always, is to learn how to improve 
your telephone service and make it a better value. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 

Word Picture. This iS a picture of the 
spoken word "you." By analyzing the 
sound with a spectrograph, the Labora- 
tories' Lawrence G. Kersta makes a print 
of the word in graph form. Graph shows 
frequency, time taken, and intensity used 
in making speech sound. 

14 ELECTRONICS WORLD 
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READER SERVICE PAGE 
Please use the coupon at the bottom of this page to obtain more in- 
formation about products advertised in this issue. 
Simply circle the number on the coupon that corresponds to the 
number at the bottom of the advertisement in which you are inter- 
ested. 

Additional information on items mentioned in "New Products & Lit- 
erature" can also be obtained by following this same procedure. 

PRINT your name and address on the coupon and mail it to: 

ELECTRONICS WORLD 
P.O. BOX 7842 

PHILADELPHIA 1, PA. 

ELECTRONICS WORLD 
P.O. BOX 7842 
PHILADELPHIA 1, PA. 

TOTAL NUMBER 
OF REQUESTS 

Please send me additional information concerning the products of the advertisers 
whose code numbers I have circled. 

Void After 12 

Dec. 31, 1962 

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 

120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 

160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 

NEW PRODUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

(Key numbers for advertised products also appear in Advertisers Index) 
NAME 

ADDRESS 

CITY ZONE STATE 

December, 1962 15 
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Let RCA help you find the answer with a profitable career in electronics 
Now, you can put your finger on the electronics career of 
your choice, and RCA Institutes will help you train for it- 
right in your own home! RCA Institutes Home Training 
Courses can lead you directly to the kind of job you want! 
If you are looking for a career in electronics, here is your 
chance to plan a successful future for yourself -the RCA 
way -right down the line! 

RCA Institutes, one of the largest technical schools in 
the United States (devoted exclusively to electronics), 
offers the finest facilities for home training. A service of 
the Radio Corporation of America, RCA Institutes gives you 
the technical instruction you need to plan, build, and realize 
a lifetime career in today's fastest growing field. 

RCA Institutes offers both home training and classroom training- whichever best fits your needs. See the adjoining page 
for a dramatic example of how RCA can help you plan for the future you want! Licensed by the New York State Depart- 
ment of Education. Approved for Veterans. 
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RCA CLASSROOM TRAINING 
IN NEW YORK CITY AND LOS ANGELES 

INDUSTRY 
DESIGNATED 
JOB TITLES 

THIS IS THE 
RCA TRAINING 

THAT WILL 
HELP YOU GET IT! QUALIFICATION 

Engineering Aide, 
Lab Technician, 
Field Service 

Engineer, 
Test Engineer, 
Technical Instructor 

Electronics 
Technology (T -3) 

High School Grad 
with Algebra, 
Physics or Science 

Electronic Technician, 
Field Technician, 
Computer Technician, 
Broadcasting 

Technician, 
Customer Service 

Engineer, 
Instrument Technician 

Industrial and 
Communications 
Electronics (V -7) 

2 yrs. High School 
with Algebra, 
Physics or Science 

TV Serviceman, 
Electronic Tester 

Electronics and 
Television Receivers 
(V -3) 

2 yrs. High School 
with Algebra, 
Physics or Science 

Transistor Circuits 
Specialist 

Transistors Radio background 

Junior & Senior 
Detail Draftsman 

Electronic Drafting 
(V -11, V -12) 

2 yrs. High School 
with Algebra, 
Physics or Science 

Color TV Service 
Technician 

Color Television Television 
background 

Hi -Fi Service 
Technician 

Audio Hi- Fidelity Radio background 

Technical Writer Technical Writing Electronics 
background 

Cameraman, 
TV Film Editor, 
Video Technician, 
Director 

TV Studio 
Production(S -1) 

High School Grad 

Console Operator, 
Junior Programmer 

Computer 
Programming (C -1) 

College Grad or 
Industry sponsored 

Radio Code 
Technician 

Radio Code 8th Grade 

Preparatory Preparatory Math 
& Physics (P -1) 

1 yr. High School 

Preparatory Preparatory 
Mathematics (P -OA) 

1 yr. High School 

Free Placement Service. RCA Institutes graduates are 
now employed in important jobs at military installations 
such as Cape Canaveral, with important companies such 
as IBM, Bell Telephone Labs, General Electric, RCA, and 
in radio and TV stations all over the country. Many have 
opened their own businesses. A recent New York Resident 
School class had 93% of the graduates who used the 
FREE placement service accepted by important elec- 
tronics companies, and had their jobs waiting for them 
on the day they graduated! 

Note: 3 additional locations. RCA Technical Institutes offers 
a limited selection of basic resident school courses in Elec- 
tronics in Chicago, Philadelphia, and Cherry Hill, N. J. (near 
Camden). For complete information write the name of the 
city of your choice on the attached postcard. 

December, 1962 

RCA HOME TRAINING 

INDUSTRY 
DESIGNATED 
JOB TITLES 

THIS IS THE 
RCA TRAINING 

THAT WILL 
HELP YOU GET IT! QUALIFICATION 

Radio aligner, 
Repairman, 
Tester 

Radio- Electronic 
Fundamentals 

8th Grade 

Black & White 
TV Service 
Technician 

Television Servicing Radio Background 

Color TV Service 
Technician 

Color Television Black & White 
Television 

Automation 
Technician 

Automation 
Electronics 

Radio or Electronics 
Fundamentals 

Transistor Circuits 
Specialist 

Transistors Radio or Electronics 
Fundamentals 

Transmitter 
Technician, 

Communications 
Specialist 

Communications 
Electronics 

Radio or Electronics 
Fundamentals 

Junior 
Draftsman 

Electronic 
Drafting 

8th Grade 

Coder, 
Programmer, 
Analyst 

Computer 
Programming 

High School Grad 
plus 1 -year 
business experience 

Voluntary Tuition Plan for Home Training Courses. 
This plan affords you the most economica possible 
method of home study training. You pay for lessons only 
as you order them. If, for any reason, you wish to inter- 
rupt your training, you can do so and not owe one cent. 
No other obligations! No installment payments required! 

You get Prime Quality Equipment. All kits furnished 
with home -training courses are complete in every respect 
and the equipment is top grade. You keep all the equip- 
ment furnished to you for actual use on the job, and you 
never have to take apart one piece to build another! 

your 

SEND POSTCARD FOR urKri^ i' Drctroniq 

FREE ILLUSTRATED 

BOOK TODAY! SPECIFY 

HOME STUDY OR 

NEW YORK OR 

LOS ANGELES 

RESIDENT SCHOOL 

RCA INSTITUTES, INC. Dept. EW-D2 

A Service of the Radio Corporation of America, 
350 West 4th St., New York 14, N. Y. 

Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif. 

The Most Trusted Name In Electronics 
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Eico Model RP -100 Tape Recorder 
Fisher KX -200 Stereo Amplifier (page 22) 

I : 

AUDIO PRODUCTS TESTED BY HIRSCH -HOUCK LABS 

Eico Model RP -100 Tape Recorder 
For copy of manufacturer's brochure, circle No. 59 on coupon (page 15). 

The push -button transport controls 
are positive and fool -proof. Pushing the 
"Stop" button turns on the amplifiers and 
the capstan drive motor (a hysteresis - 
synchronous type). The "Run," "For- 
ward," and "Rewind" buttons operate 
solenoids and energize the reel motors 
to place the tape in motion. Before oper- 
ating any of the other buttons, the "Stop" 
button must be pressed. The tape is 
brought to a rapid, smooth stop by means 

_ of d.c. braking current through the reel 
motors. A separate "Record" button 
must be pressed simultaneously with 
"Run" in order to make recordings. This 

."' ..IIMIL. INN 

i 
®agi 

THE Eico RP -100 tape recorder is 
unique in several respects. Its tech- 

nical specifications are comparable to 
those of the most expensive home tape 
recorders. Its electronic portions are fully 
transistorized (except for the bias oscil- 
lator). The tape transport has three 
motors, with push -button -operated sole- 
noid controls. The flexibility offered by 
its many operating controls is exception- 
al. Finally, it is available in kit form, as 
well as factory- wired. 

The RP -100 is a semi -kit, designed for 
the advanced hobbyist. In this case, the 
term "semi -kit" is used because only the 
electronics are in actual kit form; the 
deck mechanism is entirely factory -as- 
sembled and tested. Construction of the 
semi -kit is likely to require some 30 to 40 
hours, even for an experienced kit build- 
er. 

A complete listing of the features 
would require more space than is avail- 
able here. It is a two -speed (7.5 and 
3.75 ips) machine, capable of recording 
and playing back 3.i-track mono or stereo 
tapes, and playing back is -track mono or 
stereo tapes. Having separate record and 
playback heads and amplifiers, it can be 
switched to monitor off the tape as a re- 
cording is in progress, and to make 
sound -on -sound recordings by copying 
one track on to the other, together with 
a second signal. This process can be re- 
peated several times to make multiple 
recordings for special effects. 

20 

ó 
w 

7za 

a. 

w 
IO 

rc 

playback selector has positions for stereo, 
reversed -channel stereo, or either track 
played back through both amplifiers for 
mono playback. There are dual record- 
ing level meters, an indexing turns 
counter for the take -up reel, and an auto- 
matic shut -off for the take -up reel when 
the tape has run through. 

The playback frequency response was 
measured at 7.5 ips with two test tapes, 
the NCB alignment tape and the RCA 
12 -5 -61T test tape. Both tapes are pre- 
sumably recorded to complement the 
NAB standard playback characteristic. 
There was a general similarity between 
the response to the two tapes, although 
the RCA tape showed a greater variation 
in response over the entire frequency 
range. With either tape, the high -fre- 
quency response was exceptionally uni- 
form, showing no roll -off up to 15 kc. 

The record /playback frequency re- 

7 5IPS PLAYBACK RESPONSE 
CHANNELI 

RCA 

NCB 

12 

ALIGNMENT 

-5 -61T TEST TAPE. 

®_ II- 
IN TAPE - O 

111 

20 50 100 200 500 KC. 2KC. WC. ICKC. 20KC 

7 SJ IPS UUIIC II i_ i 111111M1111 
1iiii 

6r® 'á76ti 1P6 i rs, RECOaD jurors, 
CHANNEL 

/PLAYBACK FREQUENCY RESPONSE 
17 RECORDING LEVEL -2O DB 

I I 
FREQUENCY -CPS 

cannot be done accidental y, so there is 
no danger of erasing a valuable record- 
ing. The "Record" button can be pressed 
together with the "Stop" button to set 
up recording levels before the tape is 
placed in motion. An "Off" button shuts 
off all power to the unit. 

The RP -100 has a full complement of 
operating controls, in addition to the 
transport buttons. A speed- selector 
button changes tape speed. Separate 
switches control recording and playback 
equalization for the two speeds. There 
are separate inputs for line and micro- 
phone, each having a pair of concen- 
tric level controls for the two channels. 
Similarly, the two playback level controls 
are concentrically mounted. Separate 
mode selectors are provided for the re- 
cording and playback amplifiers. For ex- 
ample, one can record mono programs 
on either track, stereo on both tracks, or 
copy either track onto the other. The 

sponse at 7.5 ips was also very good, 
being ± 3 db from 25 to 20,000 cps. At 
3.75 ips the frequencies around 5 kc. 
were somewhat accentuated, but with 
suitable tone -control correction the over- 
all response probably could be equalized 
to ± 2.5 db from 20 to 10,000 cps. 

The signal -to -noise ratio of the RP -100 
was about 53 db, referred to the normal 
recording level as indicated on the re- 
corder's meters. The residual noise was 
virtually all hiss. The transistor ampli- 
fiers are truly hum -free, and there is 

apparently no hum picked up in the 
heads. The overload characteristics of 
this recorder are excellent, and recording 
levels up to 6 (lb over normal maximum 
can be handled with only a slight effect 
on distortion. 

The tape speed measured slightly 
high, with an error of about 30 seconds 
in 30 minutes of playing at 7.5 ips. The 
fast -forward and rewind speeds are faster 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


R 

o 

01R 4Ly Y1UTA 

IlkEAyETTE 
UE'n 
E1.ECTROH\CS 
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LAFAYETTE 
EDig 
ELECTRONICS 
1963 CATALOG NO. 630 

388 GIANT SIZE pages 

The Largest Catalog 

in Our 42 -Year History 
It's New - It's Big - 
It's Better Than Ever 

kt It's From the 

"World's Hi-Fi & Electronics 

Shopping Center 
TESTER 
TE -15 

R 

E 

19 

WATT PUBLIC 
DRESS AMPLIFI 
26B 

AND SNORTWA 
OADCAST RECE 
-40 

MULTIPLEX 
ADAPTER KIT 
KT -220 t 

EM -AM POLICE 
COMMUNICATIONS 
RECEIVER 
NE-51 . 52.50 

2 -SPEED 
TAPE RECORDER 
PLAYS BACK 
4 -TRACK STEREO 
RR -137 89 

LAFAYETTE'S MAIL 

Here it is - the exciting, all -new 1963 Lafayette Catalog. 388 giant -sized 
pages with thousands of different items for the audiophile, experimenter, 
technician, hobbyist, engineer, student, serviceman ... fully illustrated ... 
hundreds of manufacturers. It's the "World's Hi -Fi and Electronics Shop- 
ping Center" at your finger tips. 

CHECK THESE EXCLUSIVE 
LAFAYETTE BENEFITS 

SATISFACTION 
GUARANTEED 
OR MONEY REFUNDED. 
Use Lafayette's 30 -Day Free 
Home Trial. 
LARGEST STOCK 
SELECTION. 
If it's in Electronics or 
Hi -Fi, it's in the Lafayette 
Catalog 
NO MONEY DOWN. 
Buy on time with Lafay- 
ette's Easy -Pay Credit Plan, 
up to 24 months to pay 
OUTSTANDING 
LAFAYETTE KITS 
LOWEST PRICES 
24 -HOUR SERVICE 

ORDER & SALES CENTER 

SYOSSET, L. I., NEW YORK 

111 Jericho Turnpike 

OTHER LOCATIONS 

SCARSDALE, NEW YORK 
691 Central (Park) Ave. 

PLAINFIELD, NEW JERSEY 
139 W. 2nd Street 

December, 1962 

JAMAICA, NEW YORK 
165 -08 Liberty Avenue 

BRONX, NEW YORK 
542 E. Fordham Rd. 

NEW YORK, NEW YORK 
100 6th Avenue 

NEWARK, NEW JERSEY 
24 Central Avenue 

PARAMUS, NEW JERSEY BOSTON, MASS. 
182 Route 17 110 Federal Street 

OPENING FALL 1962, NATICK, MASS. 

MAIL THIS COUPON TODAY FOR YOUR 
FREE LAFAYETTE 1963 CATALOG 

GET ONE FOR A FRIEND TOO! 

LAFAYETTE MHO ELECTRONICS 
Dept. RL -2, P.O. Box 10, Syosset, L.I., N.Y. 388 

GIANT SIZE 
PAGES 

Rush my FREE 388 -page giant -size Lafayette 
Catalog 

D Send me # , shipping charges collect. 

I am enclosing 

Name 

Address 

City Zone State 

Friend's Name 

Address 

City Zone State 

CIRCLE NO. 126 ON READER SERVICE PAGE 21 
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professional 
workhorses 

These AR -2a speakers have been serving as 

portable monitors for recording sessions since 

1959. They have been shipped, carried in taxis, 

and stowed in car trunks. They have worked in 

studios, in concert halls, and, propped up on 

logs, in the Kentucky woods. They have pre- 

sided over the recordings of a variety of artists 
- pianist Ann Schein, bandleader Eddie Con- 

don, folk singer Theodore Bikel. 

Recording engineer David Jones still uses them. 

AR loudspeakers are often used in professional 
applications because of their natural musical 
quality, but they are primarily designed for use 

in the home. AR -2a's are $109 to $128, de- 

pending on finish; other models are priced from 

$89 to $225. A five -year guarantee covers the 
full cost of any repairs, including reimburse- 
ment of freight charges. 

A catalog is available on request. We will also 
send a brief description and order form for two 
books on high fidelity published by AR. 

ACOUSTIC RESEARCH, INC. 
24 Thorndike St., Cambridge 41, Mass. 

CIRCLE NO. 155 ON READER SERVICE PAGE 
22 

than most recorders we have used, re- 
quiring about 45 seconds to handle 1200 
feet of tape. The wow and flutter were 
slightly greater than rated, about 0.07% 
and 024% respectively at 7.5 ips and 
11.14% and 0.:35% at :3.75 ips. The rated 
wow and flutter (combined) are 0.2% at 
7.5 ips and 0.25% at 3.75 ips. We have 
tested a second RP -100 recorder which 
had measured wow and flutter well with- 
in these ratings, so it may be assumed 
that our test sample was not representa- 
tive. In fact the manufacturer states that 
current production standards require a 

combined wow and flutter measurement 
at 7.5 ips not exceeding 0.15% as well as 

a speed error not exceeding 03%. 
In use tests, the recorder performed 

very well. It takes a little practice to 
master the proper use of the numerous 
controls. hut the results are worth the 

effort. Hardly any difference could be 
heard between the original program and 
that coining off the playback heads dur- 
ing recording. At :3.75 ips the sound was 
rather bright, as the peaked response 
would suggest, but this could be tem- 
pered with tone controls on the associ- 
ated amplifier. Playback of pre -recorded 
tapes dici not reveal any undue emphasis 
of high frequencies, but were clean and 
nicely balanced. The sound -on -sound re- 
cording feature worked well, with the 
number of successive re- recordings lim- 
ited largely by one's ability to coordinate 
the mixing of the internal and external 
signals. 

The Eico RP -100 sells for $299.95 in 
kit form and $399.95 factory- wired. A 
luggage -type carrying case is available 
for $29.95. For rack mounting, a special 
panel is available for S9.95. 

Fisher KX -200 Stereo Amplifier 
For rrrpp of manufacturer's hrnrhunr, cirri(' No. (it) on ruopon (page 15). 

THE nec' Fisher KX -200 is an inte- 
grated stereo amplifier, sold only in 

kit form. The "StrataKit" design is in- 
tended to make kit -building a pleasant 
and fool -proof process, even for a com- 
plete novice. judging from this kit, the 
concept is highly successful. We'll have 
more to say about this later in the report. 

The unit is rated at 40 watts per 
channel (music power) or 35 watts 
continuous power. It has most of the 
features of the factory -wired Fisher am- 
plifiers. which is to say it is highly flex- 
ible. There are inputs for two magnetic 
cartridges (or tape heads), a tuner, and 
two high -level al xiliary signal sources. 
The nul le select w offers a choice of 
mono re )rochlction through both speak- 
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ers from either input, normal stereo or 
reversed -channel stereo, and mono with 
both inputs paralleled (especially de- 
sirable for playing mono records with a 

stereo cartridge). 
The KX -200 has the usual tone con- 

trols, channel -balance control, and 
ganged master volume control. There are 
slide switches for loudness compensa- 
tion, scratch filter, tape /phono equaliza- 
tion, and tape monitoring from a 

three -head recorder. Two more knobs 
complete the front -panel control layout 
-One controlling the level of a center- 
channel speaker ( if one is used) and a 

stereo dimension or blend control, which 
nixes the two channels to form anything 
from pure stereo to mono reproduction. 

Each ch: nnel uses a 12AX7 phono 
preamplifier, with equalization by means 

CONTINUOUS SINE -WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN 

CEREEN:C Immm.mmm memi mmmemsi. mmm.mmm =BIBIBIB]BIB1B7MEN1> B111111MIB7BlINB]OMMEMBrM1 1111.1111MROMIIMEMINMMI IMM111110111MMMIROMBB ....... MEEMMEE__ óÌÌÌÌ== oomÌi 
MAXIMUM POWER 32WATT5 

2% DISTORTION ----- I% DISTORTION 
03% DISTORTION 

OMMWWW 4OHMLOADS =M =B1B)B1B1 BBIBIB1B7B1BlB1BlB tt t ttttttttt ttttt tt tttttttt tt t tttttttt ttt 
mouNInonmommisomm\ume.= 

I 1..,11..,11_-1,11.,1111.,11111.11,1...,,111.,11111.- 
20 30 50 70 IOO ZOO 300 500 700 IKC. 

FREOUENCY -CPS 

CIRCLE NO. 154 

2NC. 3KC 5KC. 7KC *KC. 20KC. 

ON READER SERVICE PAGE 
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DESIGNED FOR COLOR T:\,\ 
WINEGARD 

COLORTRON ANTENNAS 
4 gold anodized models from $P495 

PQ$. Nos. U.S. 2,700,105; 2,955,2E9 Caem& 511,964 Others Pending. 

4C 4 
AVAILABLE WITH REVOLUTIONARY 
NUVISTOR COLORTRON AMPLIFIER... 

Now, through continuous Winegard research, a new, im- 
proved Electro -Lens yagi has been developed -the NEW 

WINEGARD COLORTRON- PERFECT ANTENNA FOR COLOR TV! 
Colortrons have a flat frequency response (plus or minus 

1/2 DB across any 6 MC channel), no "suck- outs" or "roll-off" 
on end of bands ... accurate 300 ohm match (VSWR 1.5 to 

1 or better) ... unilobe directivity for maximum ghost and 
interference rejection. They deliver today's finest color recep- 
tion, give a new picture quality to black and white. Colortrons 
are the only outside antennas that carry a WRITTEN FACTORY 

GUARANTEE OF PERFORMANCE. 

And Colortrons are built to last. High tensile aluminum 
tubing for rigidity and stability, insulators with triple mois- 
ture barrier, GOLD ANODIZED for complete corrosion -proofing. 

There are 4 Colortron models to cover every reception need, 
from suburbs to distant fringe areas ... $24.95 to $64.95 list. 

New Winegard Colortron twin- nuvistor amplifier perfectly 
matches Colortron antennas. Gives added gain and sensitivity 
on both color and black and white. Ultra -low noise, high 

werlfs most pewertel TV mhos, 

MODEL C-44 

GOLD ANODIZED $64.95 

NUVISTOR 
AMPLIFIER 

$3995 

gain Colortron Nuvistor Amplifier can easily drive 6 or more 
TV sets. 

With revolutionary twin -nuvistor circuit, Colortron ampli- 
fiers can handle up to 400,000 micro -volts of signal without 
overloading. This is 20 times better than any single transistor 
amplifier. The Colortron Amplifier will bring the weakest 
signals up out of the snow, yet strong local TV & FM signals 
will not overload it. A special life saver circuit gives the two 
nuvistors a life of 5 to 8 years. 

This amplifier is completely trouble free and the finest 
performing antenna amplifier you can own. 

Completely weather sealed, nothing is exposed to corrode 
and cause trouble ... has all AC power supply with 2 set 

coupler. (Model No. AP -220N, $39.95 list). Twin transistor 
model also available up to 80,000 micro -volts input. New type 
circuit protects transistor from static electricity built up in 
lightning /lashes. (Model No. AP -220T, $39.95 list). 

Colortron Amplifier can be added to any good TV antenna 
for sharper, clearer TV reception. 

Ask your distributor or write for technical bulletin. 

MODEL C-43 

GOLD ANODIZED $51.90 

MODEL C-42 

GOLD ANODIZED $34.95 

/ / iíi 

MODEL C-41 

GOLD ANODIZED $24.95 

There's an extra bonus of quality and performance in every Winegard product. 

ANTENNA SYSTEM 3003 -12 Kirkwood Burlington, Iowa 
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you're "on- the -air" with this powerful transistor CB 2 -way radio 

New Cadre `510' 5 -watt, 
5- channel Transceiver 

Highest Power Allowed Excellent Selectivity 
Solid -State Throughout Maximum Reliability 
When you press the switch you're on- the -air with 
the cleanest 27Mc "talk" power possible - 5 
watts. You can reach vehicles and base stations 
instantly ... dependably ... up to 20 miles over 
land, 30 miles over water. 5 crystal- controlled 
transmit /receive channels assure perfect con- 
tact every time. 
N^ST SELECTIVE - 
;i''AL- CONVERSION SUPERHET 

.tse the switch - you're still on- the -air. c t let the silence fool you! Adjustable 
-'!ch shuts out extraneous signals for noise- 

. 'tandby reception.) The sensitive receiver 
. uit -a dual -conversion superheterodyne - 

. ..ures weakest signals, and reproduces them 
crisp, clear intelligibility. No adjacent 

:..annel interference. Highest selectivity with 
tuned ceramic filters. Electrical interference 
virtually eliminated with the '510's' effective 
automatic noise limiter. 
MOST RELIABLE - 
100% SOLID -STATE DESIGN 
Whether pressing or releasing the mike switch, 

you're controlling the most reliable, mainte- 
nance -free Citizens Band transceiver. It's com- 
pletely transistorized - 18 transistors, 8 diodes. 
Keep it "ON" safely all day - no heat prob- 
lems, no tubes to burn out and replace, lowest 
current drain prolongs vehicle battery life. 
Solid -state components absorb road punish- 
ment without damage. 

MOST COMPACT -EASIEST TO INSTALL 

The smallest, full -power Citizens Band trans- 
ceiver is easiest to install. Its 31/2" height never 
steals leg room in a vehicle; fits smartly under 
the dash of the smallest foreign compact. And 
it can be used anywhere - vehicle, base sta- 
tion field, marine craft. A dual -power supply - 
12VDC /110- 220VAC - is built right into the 
Cadre '510'. Add a portable pack accessory 
(model 500 -1) with rechargeable batteries and 
you have the lightest, portable 5 -watt radio (91/2 
Lbs. with batteries) for pleasure or business. 

Cadre '510' complete with dynamic microphone, 
set of matched Channel 11 crystals, universal 
mounting bracket, AC & DC cords ... 5199.95. 

See the nearest Cadre distributor for a free demonstration, or write: 

4111211CAG Fi E INDUSTRIES CORP., COMMERCIAL PRODUCTS DIVISION, ENDICOTT. N.Y. AREA CODE 607. 7.6.3373 
Clra611 Tri.T11 Assoc., Ltd., 11 Sheppard A,.., pant Willowdale, Ont. Wort: Morton EWUorting Corp., 451 Broadway, N. Y. 13, N. Y. 
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of negative feedback, followed by a 
scratch filter and a stage of gain using 
3- 12AX7. The recorder output jack and 
tape monitor switch are in the output of 
this stage so that the scratch filter affects 
the signals going to a tape recorder. 
After this come the tone controls, fol- 
lowed by additional gain from the sec- 
ond half of the 12AX7. The power 
amplifier section uses a 12AX7 voltage 
amplifier /phase inverter driving push - 
pull 7591's. Outputs are provided for 4 -, 
8 -, and 16 -ohm speakers. The power 
supply uses a voltage -doubler circuit 
with silicon rectifiers and a full -wave 
rectified d.c. supply for preamp heaters. 

Alone among the integrated stereo 
amplifiers we have seen, the KX -200 has 
a built -in meter with switching facilities 
for adjusting bias and a.c. signal balance 
on each output stage. This is an im- 
portant consideration in a kit designed 
for construction by lay hobbyists, who 
might not have access to test equipment. 

Following are the results of our lab 
tests (listed first) with the correspond- 
ing manufacturer's specifications where 
these were available (listed second). 

IIIFII Music Power (per channel): 
Not measured by us, rated 40 watts. 

Continuous Power (per channel): 32 
watts (i 2% distortion at 1 kc. (both 
channels driven) versus 35 watts u 0.4% 
distortion (one channel driven). 

11 Distortion (at 35 watts per chan- 
nel, both channels driven): 1% as against 
0.8% (one channel driven). 

Frequency Response (20- 20,000 cps 
q 2% distortion): ± 1.5 db (tone con- 

trols mechanically centered) versus ± 1 

clb. 
Total Hum and Noise (referred to 10 

watts): Phono: L (A) - 60 db, R (B) 
-73 db; tuner: L (A) -79 db, R (B) 
- 89 db versus -60 db for phono and 
-74 db for tuner (both converted to 
10 -watt reference level). 

Input Sensitivity (for 10 -watts out- 
put): Phono .002 volt, tuner .18 volt as 
against .0019 volt phono (converted to 
10 -watt reference level) and .188 volt 
tuner. 

Channel Separation (1 kc.): Too high 
to measure. Manufacturer claims better 
than - 50 db. 

Bass Tone Control Range (30 cps): 
+ 17 db, -13 db versus 30 db total (50 
cps). 

(Continued on page 87) 
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how will your success 

in electronics 

compare with this man's? 

Will you have a rewarding 
career, like Robert N. Welch? 

Or will you never get beyond 
a routine job? It's up to you. 

LET'S LOOK AT THE FACTS. Men with ordinary qualifica- 
tions may always be accepted for routine, low -paying jobs. 
But for critical technical assignments in well- paying career 
positions with engineering status -where electronics is 
applied to the frontiers of the missile and space programs - 
only men with advanced technical knowledge will do. 

MEN LIKE ROBERT N. WELCH enjoy interesting and reward- 
ing careers because they have equipped themselves with the 
practical and up -to -date knowledge of advanced electronic 
engineering technology which industry demands. Mr. Welch 
was a technician when he enrolled in a CREI Home Study 
Program. Today he is a Philco Corp. engineer with a re- 
sponsible assignment at Vandenburg Air Force Base, 
launching site for intercontinental ballistic missiles. 

YOU HAVE THE SAME OPPORTUNITY. CREI offers you, for 
study at home, a complete program in electronic engineer- 
ing technology designed to equip you with the practical 
knowledge of electronic developments required for well - 
paying positions and put you on the level of specialization 
where men are most in demand and progress most rapid. 

YOU WILL FOLLOW THE FOOTSTEPS of the thousands of 
CREI men who hold positions as associate engineers, engi- 
neering aides, field engineers, project engineers and tech- 
nical representatives. They work in every area of elec- 
tronics from manufacturing to research in the aero -space 
program. 
YOU ARE GUIDED and assisted with personal attention from 
CREI's staff of experienced instructors. You study courses 
to which a number of leading engineers and scientists have 
made substantial contributions. 

YOU CHOOSE FROM PROGRAMS covering every important 
field of electronics: 

SERVOMECHANISMS INSTRUMENTATION RADAR 

COMPUTERS AERONAUTICAL AND NAVIGATIONAL 
COMMUNICATIONS AERO -SPACE TELEVISION 
AUTOMATION AND INDUSTRIAL ENGINEERING 

TECHNOLOGY NUCLEAR ENGINEERING TECHNOLOGY 
December, 1962 

SUPERVISING A FREQUENCY MEASUREMENT iu the Precision 
Measurement Equipment Laboratory at Vandenberg Air Force Rase in 
CREI graduate Robert N. Welch. Ne is a E'hi(co Tech Rep Engineer and 
a Section Leader in the laboratory. 

CREI EDUCATION IS RECOGNIZED by such large corpora- 
tions as Pan American Airways, Federal Electric Corp., 
The Martin Co., Canadian Broadcasting Co. and Mackay 
Radio. They pay all or part of employees' CREI tuition. 

CREI HAS 35 YEARS OF EXPERIENCE in advanced technical 
education through home study. CREI has developed elec- 
tronics courses for the Army Signal Corps, special radio 
technician courses for the Navy and group training pro- 
grams for leading aviation and electronics companies. 
CREI also maintains a Residence School in Washington, 
D. C., and invites inquiries from high school graduates. 

YOU CAN QUALIFY for a CREI Correspondence Program, if 
you have basic knowledge of radio or electronics and are 
a high school graduate or the equivalent. If you meet 
these qualifications, send for the FREE 1963 edition of our 
58 -page book describing CREI Programs and career oppor- 
tunities in electronics. Use coupon below, or write to: 
The Capitol Radio Engineering Institute, Dept. 1112 -K, 
3224 Sixteenth St., N.W., Washington 10, D. C. 

Mail coupon today for FREE 58page book 
-1963 Edition Now Available 

2112113111 
THE CAPITOL RADIO ENGINEERING INSTITUTE Founded Leaf 

l' 
Dept. 1112 -K, 3224 Sixteenth St., N.W., Washington 10, D. C. 

P1 .-ace end m details of CREI Home Study Pronrame and Free Hoot, Your 
send 

In Electronics and Nuclear Engineering Technology. 
a1y qualitìcatio,tr are noted to obtain immediate service. 

CHECK FIELD OF GREATEST INTEREST: 

8 
Electronic Engineering Technology 
Servo and Computer Engineering Technology 
Aero and Navigational Engineering Technology 

Name 

Address 

Nuclear Engineering Technology 
Pp Automation and Industrial Electronic 

Engineering Technology 
Communications 

City .__........._..____..._.. Zone State 

Employed by 

Type of present work 

Education: Years High School .... Other ._...........__,.__ 
Electronics Experience ._. .... __._.._....._.._.______ 
Check: O Home Study Residence School G.I. Bill 33 I 
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7 TIMES 
...that's you, with these hot new ones 

FREE! 
"Rapido " - the world's Tiniest 
Precision Railroad System. 

...with purchase of only 75 
Channel Master Premium 
Quality Electron Tubes! 

It's the big rage in Europe! And it's yours, in time for 
Christmas, at no cost. A complete set of unbelievably 
tiny 9mm gauge trains precision- engineered in ac- 
curate scale and authentic colorful detail -in a lay- 
out so small you can run it on your coffee table. Bat- 
tery- operated. Lists for $28.95 

You Get: Baldwin Diesel Locomotive, 2 Boxcars, 
Gondola Coal Car, Shell Tank Car, Caboose...plus 
complete track layout (curved and straight sections), 
and Battery Case Control Box. ALSO AVAILABLE 
FREE! 45 -PIECE TRAIN ACCESSORY PACKAGE. 

CHOICE OF TUBES: GENERAL PACKAGE (23 fast - 
moving types) or UHF PACKAGE (25 fast -moving 
types). Top quality and top profit. Limited time, call 
your distributor. 

All New Telstar 
Crossfire 

World's most powerful electronic antenna 
combines unequalled performance of new 
Super- Crossfire TV /FM antenna with new 
built -in Telstar Booster! Gives up to 42°. 
more gain (than 28- element Crossfire) be- 
fore amplification. 

In the Telstar, an exclusive new TRI -BAND DIRECTOR 
SYSTEM which combines low band, high band, and FM 
Stereo on a single element, is now joined to Proportional En- 
ergy Absorption -the most effective principle yet for achiev- 
ing top signal strength. On the high band, each director 
functions as 2 half -wave co- linear elements with in -phase 
current distribution. New 2 -way boom bracing stops cross - 
arm bounce. Famous EPC "Golden Overcoat" protects 
against weather corrosion. 

NEW! SUPER -CROSSFIRE (Model 3607 ... available 
separately) Same as above -but without booster. Up 
to 42% more gain than 28- element Crossfire plus 
same high front -to -back ratios. 
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A WINNER: 
from CHANNEL. MASTER 

NEW Telstar 
BOOSTER -COUPLER 
features peak -power 
plus lightning - 
resistant circuit! 
TV and FM Stereo get the biggest 
performance boost yet with a booster 
that is miles ahead of the "second 
best" booster. The Telstar Booster is 
especially engineered to pour more 
usable power than any other booster 
to 1, 2, 3, or 4 sets! The latest cir- 
cuitry and advanced low -noise tran- 
sistor result in highest gain and 
highest signal -to -noise ratios yet. 

Lightning- resistant, too - because 
circuit utilizes the lightning rod prin- 
ciple to prevent transistor burnout 
caused by induced atmospheric light- 
ning. Laboratory- tested by 250,000 
lightning volts! Beautifully styled in 
blue -and- white. Model 0023 

New OMNI -RAY 
TV,'FM STEREO ANTENNA 
GHOST- KILLER EXTRAORDINARY! 

A brand -new outdoor antenna with 
directivity electronically controlled 
by an indoor switch. (No rotator 
needed) Stops ghosts and interfer- 
ence in metropolitan, suburban, and 
near -fringe areas. For Color TV, Black - 
and- White. and FM Stereo. 
1. Perfect figure -8 reception pattern, 
electronically rotated in 221/2 degree 
steps. 

2. Deep side nulls 
10:1 rejection 
ratio. - 

3. "Aim the beams" 
for top power; 
"aim the nulls" ' 
for top ghost and interference 
rejection. 

4. Special "Duo- Twin" Transmission 
lead prevents mutual coupling. 
Your choice of: Supersembled 
stacked antenna only Complete kit, 
single bay Complete kit, stacked 

Handsome New 
CANAVERAL 

FIRST INDOOR DIPOLE ANTENNA 
WITH TRUE ELECTRONIC 

CIRCUITRY. 

Unique " Pix- Power" switch and im- 
pedance- compensating circuit give 
you these exclusive advantages: 
1. On low band -resonates on all 
channels (even 2 and 3) by electron- 
ically lengthening or shortening 
elements -without need for manual 
dipole adjustment. 
2. On high band -Greatly increases 
gain by functioning as 2 co- linear 
half -wave dipoles - without manual 
adjustment. 
3. Has balanced system with 300 -ohm 
impedance -matched output to elimi- 
nate standing waves. 
Has the longest elements anywhere 
(96" tip to tip) for greater pull -in 
power. 
Smartly -styled, with tremendous mer- 
chandising possibilities. Model 3720 

7. NEW! Rechargeable BRIGHT -MITE. 
The revolutionary tiny miracle light that outshines big flashlights. 
Powered by the Permanent Energy Cells that power the Satellites. 
Ask about our terrific Display Pack deal. 

See your Channel Master distributor for literature on all these products. 
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A great tape recorder made greater: 
1. New professional studio recording hysteresis- synchronous capstan motor: 24 stator slots 
for ultra- smooth drive, ultra -quiet and vibrationless professional bearing system. 

2. Two new take -up and rewind reel motors, both extra -powered for effortless operation. 
3. New cored -out steel capstan flywheel with all the mass concentrated at the rim for improved 
flutter filtering. 
4. New optimally designed capstan drive belt brings wow down to negligibility. 
5. New relay provides instantaneous extra power to the take -up reel motor at start to mini- 
mize tape bounce. Provides near -perfect stop- and -go operation and eliminates any risk of 
tape spillage when starting with a nearly full take -up reel. 

6. New automatic end -of -tape stop switch cuts off take -up reel motor power. Also permits 
professional editing techniques, whereby tape being edited out runs off the machine while 
you are listening to it. 
7. Playback preamps remain "on"during stop- standby mode to permit cueing. 
8. Recording level adjustment during stop- standby. 

9. Shock- absorbent helical spring tape lifters practically eliminate tape bounce at start of fast 
winding. 

And All These \V-ell -known RP -100 Features: 
Separate stereo 1/4 track record and playback heads permitting off -the -tape monitor and true 
sound -on -sound recording; separate transistor stereo record and stereo playback amplifiers 
meeting true high fidelity standards; monaural recording on 4 tracks; digital turns counter; 
electrodynamic braking (no mechanical brakes to wear out or loosen); all- electric push- 
button transport control (separate solenoids actuate pinch -roller and tape lifters); unequalled 
electronic control facilities such as mixing mic and line controls, two recording level meters, 
sound -on -sound recording selected on panel, playback mode selector, etc. Modular plug -in 
construction. 

Wow and flutter: under 0.15 3/4 RMS at 71/2 IPS; under 0.2% RMS at 37/4 IPS. Timing Accuracy: 
± 0.15 ° /0 ( ±3 seconds in 30 minutes). Frequency Response: ± 2db 30- 15,000 cps at 71/2 IPS, 

55db signal -to -noise ratio; .±- 2db 30- 10,000 cps at 33/e IPS, 50db signal -to -noise ratio. Line 
Inputs Sensitivity: 100mv. Mike Inputs Sensitivity: 0.5mv. 

9 
New 
Features 
Now 
In The 
New 
EICO RP100 
Transistorized 
Stereo I Mono 
4 -Track 
Tape Peck 
Semikit: Tape transport 
assembled and tested; 
electronics in kit form $299.95 

Factory- assembled: Handwired 
throughout by skilled 
American craftsmen $399,95 

An original, exclusive EICO 
product designed and 
manufactured in the U.S.A. 
(Patents Pending) 

Carrying Case $29.95 
Rack Mount $9.95 

New Stereo FM MULTIPLEX TUNER ST17 
Semi -Kit $11.15 Wired $1411.15 

(oi Includes Metal Cover and FET 

-- - ` - - Another brilliant example of EICO's no- compro- 
FM -AM Stereo Tuner 5T96 mise engineering, the new EICO ST97 combines the features of station -monitor 
Nit 09.95 Wired $129.95 quality and fringe -area reception capabilities with exceptional ease of assembly 
Includes Metal Cover and FET for the kit -builder. No test or alignment instruments are needed. The two most 

critical sections, the front -end and the 4 -IF stage circuit board, are entirely pre - 
wired and pre -aligned for best performance on weak signals (fringe area reception). 
The front -end is drift -free even with AFC defeated. The four IF stages and 1MC -wide 

WO"' 4.1 YY0: CfO ratio detector achieve perfect limiting. full -spectrum flat response, very low dis. .Y tortion, and outstanding capture ratio. The 10 -stage stereo demodulator -EICO's - famous zero -phase -shift filterless detection circuit (pat. pend.) -copes successfully 
70.Watt Integrated Stares Amplifier with all the problems of high fidelity FM stereo demodulation and delivers utterly 
ST70 Kit $11.15 Wired $141.15 clean stereo outputs. Excellent sensitivity, selectivity. stability, separation and 
40 -Watt Integrated Stereo Amplifier clean signal add up to superb fringe -area reception. The automatic stereo indi- 

cator Kit $79.95. Wired í12l.85 cator and station tuning Indicator travel in tandem on twin slide -rule dials. 
ST1O 

Kit 
Metal . 

Wired Antenna Input: 300 ohmgs balanced. IHFM Usable Sensitivity: 3µV (30 db quieting), 

FM Multiplex 2.5µV. 
tor 20db 

Full Limiting inSe Sensitivity: it 10µV IF Bandwidth: 
(synchronization) 1at16 

)db points. 
Aut.daptor Ratio Detector Bandwidth: lmc p -p separation. Audio Bandwidth at FM Detector: 
MXf1 (Patent Flat to 53kc discounting pre- emphasis. IHFM Signal -to -Noise Ratio: -55db, IHFM 
Pending`) Harmonic Distortion: 0.6 %. Stereo Harmonic Distortion: less than 1.5 %. HUM 

l - Nit $31.15 IM Distortion: 0.1 %. Output Audio Frequency Response: -1db 20cps -15kc. 
wired sum IHFM Capture Ratio: 3db. Channel Separation: 30db. Audio Output: 0.8 volt. Output 

Cover Optional $2 95 Impedance: low Impedance cathode followers. Controls: Power, Separation, FM 
Tuning, Stereo-Mono, AFC -Defeat. 

Listen to the EICO !tour, WABC -FM. N. Y. 95.5 MC, Mon. -Frl.. 7:15 4 P.M. Export Dept.. Roburn Agencies Inc.. 431 Greenwich St., New York 1$ 
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Dver 2 MILLION FICO Inetrument. In wa- 
Meet FICO Defiers offer budget terme. 
Add 53/4 In West. 
01952 FICO Electronic Instrument Co. Inc. 
3300 Northern Boul.verd. L. I. C.. I. N. Y. 

1 FICO, 3300 N. Bled., L.I.C. 1, N.T. EW -12 

Send free 32 -page catalog & 
dealer's name 

Send new 36 -page Guidebook to 
HI -FI for which I enclose 25C 
for postage & handling. 

Name 

Add 

`City xene_State- 1 

'Actual distortion meter reading of derived 
left or right channel output with a stereo FM 
signal fed to the antenna input terminals. 
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A new source of intense coherent light that 
can be used as a carrier for space 

communication systems or as the heart 
of an ultra -precise radar. This versatile 

electronic tool is also used as 

a delicate scalpel for eye surgery or as 

a cutting torch for tough metals. 
By KEN GILMORE 

ON THE evening of May 9, 1962, a team of M.I.T. and 
Raytheon scientists sent a bolt of brilliant red light 
hurtling toward the moon. It leaped the 250,000 -mile 

void, illuminated a two- mile -wide circle of the moon's bleak 
surface, and bounced back to earth. The entire half- million- 
mile trip took just over two and a half seconds. 

This startling accomplishment -the first time man has 
lighted another celestial body from the earth -was made pos- 
sible by a super -powerful light maker called the laser. 

Lighting the moon isn't the only job for which this strange 
new electronic tool is ideally suited. It also serves as the heart 
of a new kind of radar with a resolution far sharper than any 
conventional type. Surgeons have used it as a delicate scalpel 
for removing tiny tumors deep within the human eye. Put to 
work producing a carrier wave for a communications system, 
it may, under certain conditions, transmit more information 
on a single beam than 25,000 television stations all broad- 
casting simultaneously. It also welds tough metals, cuts 
through steel -literally in a flash -and may eventually power 
spaceships and knock attacking missiles out of the sky. 

The laser can perform these and scores of other startling 
feats because it is the world's first source of coherent light; 
that is, all of its light waves are in step. All light until now - 
from the sun, from light bulbs, from flame -has been inco- 
herent. It is generated by heat. When atoms get hot enough, 
they give off energy in the form of light. But atoms release 
their light energy in a random pattern. For this reason, all 

December, 1962 

ana 
their 
uses 

conventional light sources are, in a way, noise generators. 
They're similar to the old spark transmitters which were once 
widely used aboard ships. The spark transmitter generated 
many frequencies simultaneously, along with a lot of miscel- 
laneous hash and noise. Such a signal couldn't be modulated 
readily. To transmit meaningful messages with a spark trans- 
mitter, you turned it on and off -sent code. 

The spark generator's random signals were largely inco- 
herent. Modern transmitters, though, generate a regular, 
single -frequency coherent signal which can carry far more 
information by being modulated. 

The laser is now doing for light what the radio transmitter 
does for radio- frequency signals. It harnesses the energy of 
orbiting electrons, gets them to release their power in phase, 
rather than at random as in a light bulb, and generates a 
coherent beam of light. 

Fluorescence 
In some ways, the laser's operation is similar to that of a 

common fluorescent tube. All fluorescence hinges on the fact 
that fluorescent materials are able to absorb energy of one 
frequency and release it at another frequency. 

All electrons can exist on a number of different energy 
levels. Normally, any given electron is in its so- called "ground 
state." But when it absorbs energy from outside it moves to a 
higher energy state. In the fluorescent tube, for example, the 
electrons in the thin fluorescent coating absorb energy in the 
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A laser beam blasts through a plate of hardened steel at the 
Bendix Corp. When the laser's tremendous energy is focused 
into a small spot, temperatures higher than the sun's surface 
over a given narrow bandwidth are produced in microseconds. 

FLASHTUBE 

\\\\\\\\ v 

/ 
H/.iL__ A % r \\\\\\\\\\ A %. 

TRIGGER ELECTRODE RUBY 

BEAM 

QUARTZ TUBE 

Fig. 1. Basic arrangement used in early Hughes ruby laser. 

form of photons from an ultraviolet source built into the tube. 
In the process, they jump from one atomic orbit to another, 
where they contain more potential energy. In other words, 
they store up energy like a spring being wound. 

The high -energy state, though, is an unstable one, and a 
few microseconds later the electrons fall back to their normal 
lower energy level. During this process, they must get rid of 
the extra energy they absorb. The electrons do this by radiat- 
ing the excess energy as light. Almost always, the light radi- 
ated is of a lower frequency than that which was originally 
absorbed. This is true in the fluorescent light, for example, 
where the white light given off is considerably lower in fre- 
quency than the ultraviolet which excited the electrons in the 
first place. 

The laser's fluorescent material is either a combination of 
gases or synthetic ruby made of aluminum oxide with a 
sprinkling of chromium atoms. The chromium absorbs green 
light of a certain frequency, which raises its electrons to a 
high level. When they fall back to the normal low -energy 
level, they fluoresce and give off a red light. 

The light resulting from natural fluorescence, though, is as 
incoherent as any other light. To make the ruby into a laser, 
each electron must be coaxed into radiating its energy in 
phase with all the others. 

To accomplish this trick, the ruby is machined into a cylin- 
der some 31-inch in diameter and from 2 to 8 inches long. The 
ends of the cylinder are polished, then silvered so that they 
become tiny mirrors. One of the ends is only partially silvered, 
and remains somewhat transparent. When green light of the 
right frequency (from a flashtube) is applied to the ruby, 
the chromium atoms are "pumped" to a high -energy state. As 
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some of the electrons fall back to the normal state, the light 
they radiate is reflected from the end mirrors and travels back 
down the length of the rod. On this trip, it strikes other ex- 
cited electrons, prodding them into releasing their excess 
energy (Fig. 1) . 

Fortunately, the light radiated by the triggered electrons 
is in phase with the beam which tripped the reaction. As the 
now -intensified light continues to travel through the ruby, 
more and more electrons are stimulated into giving up their 
energy, all in phase with the constantly building signal. It 
reaches one end, is reflected, and starts back on another trip 
through the tube. The light surges back and forth, and con- 
tinues to build, until finally it is so powerful that a ray bursts 
forth from the lightly silvered end of the tube in a cascade of 
coherent light. The whole process, from pumping to output 
of the beam, takes only a few hundred microseconds. 

Meanwhile, of course, other electrons have radiated their 
light in directions other than parallel with the tube's axis. 
These rays simply leave through the sicle of the tube and do 
not have an opportunity to build into a coherent beam. 

The Maser 
The laser grew out of work which began back in 1954. Dr. 

C. NV. Townes, then of Columbia University, was looking for 
a way to build a new kind of high -frequency amplifier. 
Townes confined ammonia gas in a tube and bombarded its 
atoms with microwave energy at a frequency designed to 
pump the electrons into a high -energy state. Then he piped 
in low -level signals to be amplified. These small signals stim- 
ulated large numbers of the unstable high -energy electrons 
into releasing their stored -up energy. A small input, in other 
words, triggered a large output. 

Townes called the device a "maser " -microwave amplifica- 
tion by stimulated emission of radiation. Other researchers 
soon built solid -state masers working on the same general 
principle. They were excellent low- noise, high -sensitivity am- 
plifiers and made possible such feats as the M.I.T. Venus 
radar contact in 1958 and the cross -continent transmissions 
bounced from the "Echo I" satellite in 1960. 

Townes, meanwhile, had predicted that a similar device 
could be made to operate at extremely high frequencies -ac- 
tually in the visible light spectrum. Further, an active medium 
which would give out coherent light (it would be called an 

Experimental laser radar devised by Hughes. The laser (at 
left) produces an intense, tightly focused light beam that 
is aimed toward a target a number of miles away. The re- 
flected light is collected in receiver mirror of telescope. 
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WINDOW 
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Fig. 2. One of the first gaseous optical masers built by 
Bell. By making one of the end plates completely reflecting 
and the other only partially reflecting, the output beam is 
made to emerge in only one direction. A horizontal angle 
adjustment at the right (not shown) moves the right -hand re- 
flecting plate slightly in order to get horizontal alignment. 

"optical maser" or a "laser"-( for light° ) could be macle to 
oscillate by enclosing it in a resonant cavity. But with the 
wavelength of light measured in angstrom units (the visible 
spectrum includes wavelengths centering around 1 /2000th of 
a millimeter), a cavity resonant at laser frequencies would be 
microscopic. At this point, Townes and Dr. Arthur L. Schaw- 
low hit upon the idea of building the active medium -still to 
be found in those clays -into a cylinder with a mirror at each 
end to reflect the light energy back and forth and set up 
laser action. 

By this time research laboratories around the country were 
trying to find a suitable active material which would work in 
this configuration. Dr. T. H. Maiman of Il ugh es Aircraft Cor- 
poration succeeded first, and displayed a working model in 
July, 1960. Many other experimenters succeeded with slightly 
different materials and configurations before the end of the 
year. By 1961, Bell Labs' scientists had built and demon- 
strated a different kind of laser. It used a mixture of helium 
and neon as the active medium (Fig. 2). 

Early solid -state lasers were pulsed units. The excited elec- 
tron supply was quickly depleted when laser action began. 
Normal output was a series of high- intensity pulses usually 
lasting about a millisecond. Pulse rates of one to four or five a 
minute were common. Recently, pulse rates of ten per second 
have been achieved. The gas laser operated continuously, but 
was inherently a much lower powered device than the solid - 
state version. Consequently, a great deal of research was 
aimed at building a continuously operating solid -state device. 
Bell Labs was first to demonstrate such a unit early last year. 

Bell Labs scientists check alignment of optical maser tubes 
containing the five noble gases -helium, neon, argon, krypton, 
and xenon. The new maser generate fourteen coherent infrared 
wavelengths, providing as many potential communications carriers. 

'Some consider the term -optical maser" a general one to describe devices of this type operating in the visible and invisible portions of the spectrum; 
the term laser" would then apply only to devices that operate in the visible 
portion of the spectrum. 

December, 1962 

The laser's coherent light beam is valuable in many ways. 
First and most obvious, it is ideally suited for communication;. 
Unlike the incoherent light beam which can only be turned 
on and off to transmit intelligence -a "blinker" system used by 
the Navy for ship -to -shore signaling for many years -a laser 
beam can be modulated. Furthermore, since bandwidth-and 
thus information -carrying ability -is proportional to fre- 
quency, the amount of information a laser signal can carry 
is staggering. (This assumes a laser beam of sufficient inten- 
sity. Light is actually composed of photons. In order for a light 
beam to assume wave -like characteristics, large numbers of 
photons must be present, forming a relatively high -intensity 
beam.) A single laser beam under the right conditions can 
easily have a bandwidth of 100,000 megacycles. A single sig- 
nal of this frequency can carry as much information -voice, 
teletypwriter, or television signals -as all commtfnicatiohs 
channels now in existence. Obviously, a few laser relay sate: - 
lites orbiting the earth could go far toward wiping out the 
rapidly worsening electronic traffic jam. 

Some of the Problems 
Of course, there are problems. The laser's beam, like other 

light rays, can't go through clouds, fog, snow, smoke, or other 
types of poor atmospheric conditions. Thus laser satellite sta - 
tions will have to be located in desert regions and other similar 
areas which enjoy clear skies most of the time. A system cf 

This gas laser is the heart of Sperry's moving -target radar. 

alternate stations will go far toward making the over -all reli- 
ability of such a system higher, since if one is disabled by n 
cloud cover, another can take over. 

For overland transmission of information, laser signals will 
probably be transmitted through waveguides. Communica- 
tions experts estimate that the message load in this country 
doubles every ten years. A network of laser- carrying wave - 
guides from coast -to -coast xvould provide enough information - 
carrying ability to meet the need for decades. ITT scientists 
have estimated that a 2 -watt gas laser (most present ones 
have outputs in the milliwatt range) could transmit a wide - 
band signal 60 miles through such a pipe, maintaining a 20:r 
signal -to -noise ratio. 

One of the prime problems in putting super information - 
carrying systems into operation: extreme high -frequency 
modulation techniques have yet to be worked out. Progress 
in this field is being made, though. Certain electro- optical 
materials which change their light -transmission characteristic; 
when subjected to an electrostatic field have been demon- 
strated successfully, although methods used to date are lim- 
ited. Ammonium dihydrogen phosphate crystals, for example, 
have been used to modulate laser signals at nearly 100% up 
to 1000 me. The saine system yielded 5% modulation up to 
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One example of a commercially available laser. The head for 
the Hughes -built unit weighs about one pound. With the ac- 
companying power supply (right) this model sells for about 
$2500. Several other manufacturers have available for labo- 
ratory and experimental use various low -power lasers, which 
range in selling price from around $2500 to $10,000 or more. 

15,000 mc. A. E. Siegman of Stanford University recently re- 
ported attaining 100% amplitude modulation at 2800 mc. with 
the system illustrated in Fig. 3. 

One of the big difficulties is that electro- optical crystals 
such as these require modulation voltages on the order of 17 
kilovolts, a level difficult to handle at the necessary frequen- 
cies. The Kerr Cell, a well -known liquid electro- optical de- 
vice, requires voltages on the same order of magnitude. 

Sharply Focused Beams 
Coherence brings with it benefits other than information - 

carrying ability. It also makes it possible to focus the laser's 
light output into an incredibly tight, sharply focused beam. 
As the light rays come from the end of present -day units, they 
spread only about 1 /20th of a degree. By way of contrast, the 
tightest microwave beam, or the biggest spotlight, can barely 
squeeze its beam into a one- degree arc. Furthermore, the 
laser's beam can be narrowed even more by focusing it 
through simple lenses. The beam bounced from the moon by 
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Fig. 3. System used to obtain 100% modulation at 2800 mc. 

Fig. 4. A gas laser being used in a precise Doppler radar. 
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M.I.T. scientists, for example, was sent through a telescope 
backwards. Consequently, it formed a spot only 2 miles in 
diameter on the surface of the moon. The tightest microwave 
beam, on the other hand, would form a spot 25,000 miles 
across the moon. Besides, the antenna necessary to focus the 
microwaves into a 1° beam would be enormous -even for 
ultra- high -frequency signals. 

The laser's sharply focused beam makes it a natural for a 
number of applications. Radar, of course, is one of the most 
obvious. Sperry Gyroscope has built one prototype model 
which in early tests easily distinguished as individual targets 
a row of floodlights about the size of automobile headlights 
one foot apart at a range of 1500 feet. Engineers calculated 
that the actual reflecting target was a spot about four inches 
in diameter on each light. Future units should have even bet- 
ter resolution. Such radars, with their relatively tiny optical 
focusing devices, will be ideal for space, since they are so 
much smaller and lighter than microwave units of comparable 
resolution. 

Sperry researchers have also built a prototype Doppler 
radar which may be extremely valuable in measuring accu- 
rately the closing rate between two rendezvousing spaceships. 
Fig. 4 shows the arrangement. The output of a gas laser hits 
the dichroic mirror, where it is split into two beams. One is 
deflected at right angles to reflecting mirror "A," and the 
other continues in a straight line to the target. The beam from 
mirror "A" is reflected, passes through the dichroic mirror, 
and strikes the photomultiplier. At the same time, the beam 
from the target is reflected back to the dichroic mirror where 
it is deflected at 90 degrees and it, too, strikes the photocell. 

Now as long as the target is not moving, the two signals 
hitting the photocell are at the same frequency. But when the 
target moves in either direction, the returning echo is Doppler 
shifted. A beat note is generated and is detected by the photo - 
multiplier. The faster the target moves, of course, the higher 
the beat -note frequency. 

Doppler microwave radars working on the same principle 
can be built, of course, but they are accurate only for rela- 
tively high velocities. The basic frequency of the gas laser, on 
the other hand (in the area of 260,000,000 mc. ), is so high 
that even a very slight movement of the target produces a 
large Doppler shift. A target approaching at a rate of only 
one inch per second, for example, produces a Doppler shift 
of about 60 kc., easily detectable and measurable. Signals de- 
veloped by a device this precise could be applied to an auto- 
matic spaceship control system and would allow the ships to 
meet with hardly a bump. 

With the laser's extremely tight beam, spaceships will be 
able to communicate in perfect secrecy. Experts estimate that 
a ship orbiting the earth a thousand miles up could aim a 

beam at its home base that would cover a forty -foot circle on 
the ground. No one not directly in the beam could intercept 
the message or jam the transmission. Laser radar, by the way, 
will enjoy the same virtually jam -proof quality. 

A Super Heater 
Coherence brings with it a third outstanding advantage: 

tremendous amounts of heat can be packed into the beam. 
Units already built produce millions of times the heat of the 
sun in a specific part of the frequency spectrum. The sun, for 
example, radiates about 7 kilowatts of energy from each 
square centimeter of its surface. This may seem like quite a 
lot of power, but it is distributed over a tremendously broad 
spectrum. Most of this energy is emitted in the visible spec- 
trum, covering wavelengths from about 4000 to 7000 ang- 
strom units. Each of these angstrom units stretches over a 

frequency range of about 100,000 mc. The visible spectrum, 
then, covers a band of over 300,000,000 mc. This compares 
with our present radio spectrum which is only a few thousand 
megacycles wide. 

(Continued on page 72) 
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Useful chart for the technician that permits quick 
calculation of regulation by use of a straight edge. 

By DONALD W. MOFFAT 

THE quality of a power supply is generally expressed in terms of its 

regulation. Ideally, the output voltage should remain the same under 

any load from open circuit to full rated current. However, this ideal 

arrangement could be achieved only if the power supply could be a 

voltage source with zero internal impedance, a condition that can be 

approached to within a fraction of an ohm with well- designed feedback 

regulators. Of course, we are not considering power supplies that provide 

a potential only, such as second -anode high voltage, where a high re- 

40 sistance is purposely added to limit current for safety reasons. 

Regulation is expressed as the percentage difference in output voltage 

when the power supply is unloaded and when it is fully loaded, using fully 
loaded output as the reference. 

Per -cent Regulation = No -load output - Full -load output x 100 
Full -load output 

This formula shows zero per -cent is perfect regulation because then the 

output voltage is the same, irrespective of load. The nomogram will en- 

able you to solve this formula quickly, without having to perform calcula- 
tions. 

Because the power supply is the circuit that connects to all stages 

of a system, it is often the cause of undesirable coupling of signals. Poor 

regulation and high internal impedance go together, therefore it is easy 
30 for signals to stray from their intended paths and travel by way of the 

power supply. On the other hand, a power supply with good regulation has 

very little internal impedance across which signals can appear. 

Although the basic definition of regulation starts with no -load output 
voltage, it is also possible to speak of regulation over a range of load 

currents that do not go down to zero. To make this change, simply inter- 

pret open- circuit voltage to mean voltage at minimum load current whenever 

it appears. 

20 

i 
Using the Nomogram 

Voltages on the nomogram are shown from zero to eleven but the scales 
can be used for all power supplies by adding any number of zeros to 
both voltage scales. 

10 To evaluate a power supply, first determine the minimum and maximum 
currents it will be called upon to deliver, and then measure the output 
voltage under each of these conditions. The load for each measurement 
can be a simple resistance, calculated to draw the proper amount of 
current, or it can be a complete circuit. 

Locate the two measured voltages on the appropriate scales of the 
nomogram. Then a straight line drawn through these two points and ex- 

tended to cross all three scales will cross the "Per -Cent Regulation" scale 
at the correct value. 

For example, assume the output terminals of a power supply measure 
300 volts d.c. when no circuit is connected, and 265 volts d.c. when 

connected to its intended load. 

Add two zeros to all numbers on both voltage scales and then locate 300 
on the "No -Load Voltage" scale, and 265 on the "Full -Load Voltage" 

0 scale. Draw a straight line through these two points and, when extended, 
this line will cross the left -hand scale at 13.2% regulation. 

PER -CENT 
REGULAT ION 
December, 1962 

POWER SUPPLY 

REGULATION 

NOMOGRAM 

IO 

11 

FULL -LOAD 
VOLTAGE 

-10 

-II 
NO -LOAD 
VOLTAGE 
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the 
ACOUSTICAL LENS 

By GEORGE L. AUGSPURGER 

Operation and performance of various types 
of devices used professionally and in home 
hi -fi speaker systems to disperse and shape 
sound energy from horn -type driver units. 

PLANE LIGHT WAVES 
TRAVELING IN AIR 

i 

AS LIGHT LIGHT EMERGES 
GOES THROUGH AND RESUMES 
GLASS, NORMAL 
VELOCITY IS VELOCITY 
DECREASED, 
WAVEFRONTS 
ARE CROWDED 
CLOSER 
TOGETHER 

Fig. 1. Light waves passing 
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through flat glass and concave lens. 

O O O 

ARRAY OF SMALL RIGID 
OBSTACLES IS 'INVISIBLE' 
TO SOUND, BUT VELOCITY 
IS REDUCED 

SOUND WAVES EMERGE 
FROM OBSTACLES 
AND RESUME NORMAL 
VELOCITY 

2. Sound waves are shown passing through an obstacle array. 

Fig. 3. Cross- section drawing of perforated -plate acoustical lens. 

34 

IN the last few years, more and more attention has been 
paid to the desirability of wide high -frequency disper- 
sion in high -fidelity loudspeakers. This concern with a 

loudspeaker's distribution pattern is a good thing, but it is 
nothing new to the designers and users of professional equip- 
ment. In elaborate sound- reinforcement systems and theater 
sound installations, the problem is much more complicated 
than simply trying to avoid beaming of the treble frequencies. 
Careful control of loudspeaker directional characteristics is 
just as important here as are the optical properties of a spot- 
light to the lighting designer. 

One of the most sophisticated, least understood, yet cer- 
tainly most interesting methods of controlling sound direc- 
tionality is the employment of an acoustical lens. 

What the Lens Does 

An acoustical lens is usually used in conjunction with a 
horn -type loudspeaker. The horn, especially in the high -fre- 
quency range, has numerous assets, but two major disadvan- 
tages: first, a good horn and driver combination tends to be 
more expensive than a cone -type loudspeaker and second, it 
is extremely directional. The first drawback is largely counter- 
balanced by the efficiency, dynamic range, and fidelity of the 
better units. The second can be overcome in a number of 
ways -by making the horn a special shape, by making a fan - 
shaped array of smaller horns, or by adding an acoustical lens. 
The lens introduces no tonal coloration and can be designed 
to give almost any desired directional pattern. 

Historical Background 

The possibility of making an acoustical lens, analogous in 
function and operation to an optical lens, first occurred to two 
Bell Telephone Laboratories' engineers who were working on 
refraction effects in conjunction with microwave transmission. 

W. E. Kock and F. K. Harvey decided to see if certain tech- 
niques applicable to radio microwaves wouldn't also work, as 
theory suggested, with sound waves. In their experiments, 
they developed various acoustical converging and diverging 
lenses, as well as prisms. 

The findings of Kock and Harvey were reported in the Sep- 
tember, 1949 Journal of the ASA under the title "Refracting 
Sound Waves." The account is highly readable and remains 
the basis for present acoustical lens design. 

How Acoustical Lenses Bork 

There are two basic classes of acoustical lenses: the "ob- 
stacle array" and the "path- length refractor." Both operate 
exactly as do optical lenses, by effectively slowing down a 
portion of the advancing wavefront as it passes through the 
lens. 

When light passes through an optical lens, the effect is 

usually explained along the lines illustrated in Fig. 1. If we 
imagine a series of parallel light rays ( as from the sun) this 
means that the wavefront is a plane surface. As this plane 
moves through, say, a piece of glass, it is slowed down mo- 
mentarily. The refractive index, an omnipresent term in op- 
tics, is nothing more nor less than an indication of the relative 
velocity with which light travels through the medium in 
question. 

So, our light wavefront slows down as it goes through the 
glass, then resumes its usual bustle when it gets back on the 
freeway. If the two surfaces of the glass are not parallel, but 
curved into the familiar lens shape, the part of the wavefront 
which has the least glass to go through resumes its normal 
velocity first and the wavefront is curved as it emerges. 

Since the direction of travel of wave- propagated energy is 

at right angles to the wavefront, the light emerging from a 

lens tends either to diverge or converge, depending on 
whether the lens is concave or convex. Those who remember 
Huygens' principle twill also probably recall the hours spent 
xvith ruler and compass laboriously plotting this effect. 

ELECTRONICS WORLD 
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To make the lens work with sound waves instead of light 
waves requires only that we find a substance which is trans- 
parent to sound, but which reduces the velocity of sound 
waves traveling through it. 

The Obstacle Array 

Harvey and Kock discovered that an array of small ob- 
stacles ( small in comparison to any wavelength under consid- 
eration) has the same properties as a transparent homogene- 
ous medium with a refractive index greater than one. In other 
words, sound will pass through such an array as if it wasn't 
there except that it comes out the other side just a little later 
than if it had traveled the same distance through air. 

Fig. 2 shows what happens. The wavefront diffracts around 
individual particles, but in doing so its velocity is decreased. 
The obstacles, it was found, could be irregular, spherical, disc 
shaped, or parallel strips. Even a series of perforated plates 
exhibited the same refractive properties, and this configura- 
tion is obviously the easiest to use in constructing a concave, 
diverging lens. 

Fig. 3 shows a cross -section of such a perforated -plate lens 
built into the mouth of an exponential horn. This basic design 
is used, for example, by James B. Lansing Sound, Inc. both in 
large theater assemblies and in smaller units for home high - 
fidelity installations. 

Perforated -plate lenses are usually made of circular discs, 
and the resulting distribution pattern is symmetrical. The 
assembly shown at (B) in the photo, for example, has a 
smooth distribution pattern extending through a solid angle of 
about 90 degrees. 

Path -Length Refractors 

This configuration is easier to understand than the obstacle 
array since one can see why a portion of the wavefront is de- 
layed. In this case, the delay is achieved by making a portion 
of the wavefront travel a greater distance to get from one 
side of the lens to the other. The enforced detour produces 
the same results as if the sound had traveled straight through 
at reduced velocity. 

The two common varieties of path- length refractors are 
shown diagrammatically in Fig. 4. Sound traveling through 
the serpentine configuration winds back and forth until it 
emerges, while sound going through the slant -plate config- 
uration travels in a straight line, except that the line is not its 
original direction of travel. 

In the latter ease, common sense tells us that the emerging 
wavefront will be heading in a different direction than when 
it entered. But common sense is wrong. Once through the 
detour, the sound continues in exactly the same direction as 
before! The separation between plates, remember, is small 
compared to a wavelength and the composite wavefront does 
not become tilted. If you are still suspicious, get out the ruler 
and compass and try Huygens' construction. 

In terms of cross -section view then, a wavefront passing 
through either a serpentine or a slant -plate lens emerges 
traveling in its original direction, having only been slowed 
down momentarily. Where does the lens effect take place? 

The answer is apparent if we look at a top view, as in Fig. 
5. The design shown is equally applicable to either slant -plate 
or serpentine lenses, and it is easy to see that from this angle 
at least, the device has the characteristic of a diverging lens. 

Such a path -length refractor can be compared to an astig- 
matic optical lens -it disperses sound waves in the horizontal 
plane while keeping them concentrated vertically. Such a 
distribution pattern is especially valuable in auditoriums and 
theaters where sound energy must be concentrated on the 
audience, and kept off reflecting surfaces to avoid excessive 
reverberation and echo. 

Parts (A) and (C) of the photo show two JBL driver -horn- 
lens assemblies. The larger unit incorporates a slant -plate lens, 

(Continued on page 62) 
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Fig. 4. Serpentine (top) and slant -plate path- length refractors. 

Fig. 5. Top view of slant -plate or serpentine acoustical lens. 

High- frequency reproducers using IA) serpentine -type, (BI per- 
forated- plate, and IC) slant -plate type acoustical lenses. 
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RECENT 
DEVELOPMENTS 

IN 

ELECTRONICS 

æ.y 

5- megawatt U.H.F. Antenna 4, 

This 114 -foot, 131/2-ton television broadcasting an- 

tenna indicates a trend developing among u.h.f. sta- 

tions toward improving their technical facilities. First 
of its type, the antenna is shown being tested by 

RCA at Gibbsboro, N.J. The cylindrical antenna can 
radiate 5- million watts of power from its oblong slots. 
The antenna is to be put into service by WSBT -TV, 

South Bend, Ind. 

lat" 
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4' New Microelectronic Circuits 
A new technique for producing microelectronic 
circuits has been developed by G -E which cuts 
production time by 80% and allows a wide va- 

riety of circuits to be made. As many as 18 

transistors and 66 tapped resistors are available 
on a single silicon chip in a TO -5 case. The 

various elements are then interconnected by 
deposited aluminum strips in a custom design 
as required by the user. 

Truck -Borne Radar 
Part of the first shipment of a new tactical long -range search 

radar from Westinghouse to the Seymour- Johnson Air Force Base 

in Goldsboro, N.C. is shown in the photo during its post -loading 
check. The complete radar, including components, inflatable 
antenna and radome, can be transported in about five such 

trucks. Prototypes of the radar are also housed in the radomes 

in the background. The system can be set up and put into 

operation within six hours after landing anywhere on the globe. 

F Plastic Antenna Lens 
Plastic -impregnated Fiberglas coated with silver and formed 
into a cellular lens is being used to focus high- energy radar 

beams. Sperry Gyroscope Co. has recently been granted a patent 
for the manufacturing process. The company is using giant 
plastic radar lens, as shown in the photo, to reduce the weight 
and increase the efficiency of shipboard missile guidance 
antennas. 

EL'CTRONICS WORLD 
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Electronic Phone Exchange 4 
Wiring for the first electronic community dial telephone ex- 
change is shown being completed at Rochester, N.Y. plant 
of General Dynamics /Telecommunication, which designed 
and manufactured the system for Independent Telephone 
Corp. Put into commercial operation at Etna, N.Y., the ex- 
change uses solid -state circuitry which makes connections 
in fraction of a second and affords improved transmissions. 

Commercial Visible -Light Laser y 
The first visible -light continuous -wave laser designed for the 
commercial market is shown below. The unit uses helium and 
neon gases to produce a continuous bright red beam of co- 
herent visible light at a wavelength of 6328 angstroms. The 
excitation chassis, mounted in the housing at the center of 
the tubular assembly, is a 40 -watt, 41 -mc. r.f. oscillator. The 
laser is being marketed by Perkin -Elmer Corp. at $7900. 

Project "Relay" Equipment 4 
This equipment at ITT Federal Labs, Nutley, N.J. will soon 
take part in intercontinental communication tests via NASA's 
"Relay" satellite to be launched late this year. A link is to be 
set up between the United States and Brazil over which 
multichannel voice and teleprinter or high -speed data in- 
formation is to be transmitted. Project "Relay" is a low -alti- 
tude, active repeater communications satellite experiment. 

High -Power 
Traveling -Wave Tube 

A new high -power traveling -wave tube, de- 
veloped by Hughes Aircraft Co., could elim- 
inate radio blackouts experienced by astro- 
nauts. Company scientists said the new 
tube could produce enough power to trans- 
mit through the heat -induced "ion shields" 
which surround spacecraft during re -entry 
from orbit and normally prevent communi- 
cations. The tube operates in conjunction 
with a powerful permanent- magnet assem- 
bly as shown in the photo. The unit has been 
tested at a frequency of 55,000 mc. with an 
efficiency of 30 per -cent. 

17 
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ELECTRONIC WEIGHING 

By WALTER H. BUCHSBAUM 
Industrial Consultant, ELECTRONICS WORLD 

Electronic devices speed up automated weighing, 

mixing, and packaging operations and assure 
higher product uniformity in many industries. 

NOT SO many years ago we were accustomed to go to 
the grocery store and have the clerk weigh out a 

pound of sugar by dipping the scoop into the barrel 
a u1 pouring the sugar slowly on the scale. When we consider 
the labor that would be involved if we were to depend on 
hand weighing for all the things available in a modern super- 
market, we realize how important automatic weighing proc- 
esses are. Few of us, however, are aware of the important 
part that electronics plays in weighing, nor does the layman 
appreciate how widespread and vital automatic weighing is 

to all phases of our economy. 
In addition to food, practically all chemicals, plastics, and 

other raw materials of modem industry are weighed prior to 
processing. 'Weighing is an important industrial process not 
only for packaging but also in mixing. Weight is further used 
as a measure of quality control on such diverse items as steel 
pipe and foundry sand. In pipe it is a measure of pipe uni- 
formity and in foundry sand it indicates the amount of mois- 
ture present. 

The field of weighing is large and well established but the 
addition of electronics is a new feature. While the electronic 
principles involved are well known and not very sophisti- 
cated, all -electronic weighing systems can become quite com- 
plex. The examples given here are intended to illustrate the 
basic configurations which are widely used where electronics 
and scales are combined. 

The Functions of Electronics 

The contribution that electronics makes to automatic 
weighing is in three separate areas. Electronic devices are 
used to detect when the scales are balanced, they also measure 
the weight itself, and they record the weight. In many auto- 
matic weighing systems the weighing and recording are an 
integrated process, almost entirely dependent on electronic 
circuits, but these systems usually deal with relatively large 
weights, not pounds or ounces. Where weighing is part of an 

automatic packaging process, such as filling sugar bags, the 
scale is usually a mechanical balance, similar to the one the 
druggist uses. The electronic device senses when balance is 

reached and actuates a shut -off gate. Because electronic de- 
vices operate almost instantaneously, the weight will be exact, 
without overflow or underweight. 

3$ 

In practically all industrial scales the counterweight is 

much less than the weight to be measured and balance is ob- 
tained by mechanical leverage. A very simple system of bal- 
ance sensing involves a switch actuated by the scale -beam 
motion, as shown in Fig. 2. While industrial systems are 
usually more complex, this illustration contains the basic ele- 
ments which make up more complex systems. As the material 
pours into the bag, the scale beam tilts upward until, at the 
correct weight, the switch is tripped. This opens the holding 
circuit for the solenoid which controls the flow of material. 
The spring working against the solenoid now pulls the shut -off 
gate across the loading funnel. When the full bag has been 
replaced by an empty one, the scale indicator will move down, 
closing the switch and actuating the solenoid again. The flow 
of material starts again. There is a moment in this cycle, when 
the full bag is removed and before the empty one is in place, 
when the solenoid gate should be closed to prevent material 
from spilling. This is accomplished by inserting a latching 

Fig. 1. Simplified schematic of a reed -switch botching scale system. 
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Fig. 2. Balance detector. When 
bag is full, solenoid closes gate. 
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relay between the shut -off switch and the solenoid. A second 
switch then resets the latching relay either after a fixed time 
or when the empty bag is in place. Here is room for additional 
electronic controls such as a photo -electric system to detect 
the presence of an empty bag. 

Industrial scales use a variety of motion -sensing devices for 
balance detection. Typical of them are variable capacitors, 
variable inductors, photocells, magnet -operated switches, and 
differential transformers. In one unique system made by The 
Howe Scale Company an ordinary circular dial scale is con- 
verted to automatic balance detection by attaching a small 
Alnico magnet to the scale pointer. A second stationary 
pointer containing a miniature reed switch is then set to the 
desired scale reading. When the regular scale pointer comes 
up to the preset pointer the magnet pulls the reed switch 
together and the electronic circuit then actuates whatever 
controls are required to stop the flow of material. 

Fig. 1 illustrates how a set of four such reed switches can be 
applied to mix three different materials into a single -batch 
container. As material A pours into the container on the scale, 
the pointer carrying the magnet approaches switch S. which 
closes and energizes relay B. When relay B is energized, it 
removes power from the holding contact on relay A, causing it 
to opèn, thereby closing the gate on material A. Relay B, when 
energized, supplies power to the solenoid in material B's bin. 
Relay B is held closed by its holding contact which receives 
power from relay C, as long as relay C is open. 

When the magnet pointer reaches the next weight level, 
switch S., closes and energizes relay C which shuts off material 
B and lets material C flow into the container. At the final 
weight switch S. is closed and C is shut off. Only when the 
pointer returns to the weight of the empty container and the 
magnet closes switch S., and through it relay A, is material A 
again allowed to flow. Each switch is closed only during the 
time that the magnet pointer is opposite it. It is therefore 
necessary to use holding contacts on each relay to keep it 
closed. Each successive relay supplies holding power when 
it is open to the preceding relay. The arrangement is a typical 
ring -relay circuit that can be replaced by a four -position step- 
ping switch. 

Probably the most widely used device for balance detecting 
is the differential transformer. This device is also used in mo- 
tion- sensing of many industrial devices and its principles 
should be understood by anyone interested in industrial elec- 
tronics. The circuit diagram of Fig. 3A shows that the output 
signal at the secondary will depend on the amount of coupling 
provided by the movable iron core. The motion of the core is 
mechanically linked to the balance beam of the scale, or to 
whatever motion the device is intended to report. A more 
complex differential transformer is shown in Fig. 3B. Here 
the output voltage of one secondary winding will increase as 
the other one decreases. When the core is exactly in the cen- 
ter the two secondary outputs will be equal. As the core 
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moves, their difference is a measure of core motion. Most dif- 
ferential transformers use bifilar windings so that primary and 
secondary wires are wound together for maximum coupling. 

One reason why differential transformers are so widely 
used is because their output signal is a sine wave, directly 
applicable to servo control systems. In a more sophisticated 
version of the basic system shown in Fig. 2, the output of a 
differential transformer would drive a servo system which 
would then control the flow of material. 

Electronic Weight Measurement 
All mechanical scales operate on the principle of balancing 

the gravitational force of the unknown weight with a known 
force, either as counterweight or spring tension. To determine 
weight by electronic means, the gravitational force is often 
measured directly by means of transducers. These devices 
convert force into an electrical signal. Probably the simplest 
such transducer is the strain gage in which the change in 
resistance of a wire grid due to elongation is proportional to 

it4 
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Fig. 3. Basic single IA) and dual IBI differential transformers. 

Fig. 4. In strain -gage transducer, weight changes resistance of grid. 
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Fig. 6. Servo balance system uses 

dual differential transformers. 
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Fig. 7. Outputs of shadowgraph scale system have several functions. 

the force applied. Fig. 4 shows such a resistance grid bonded 
to the column. When the column is stretched, the grid will 
stretch too. This reduces the cross -section of the vertical con- 
ductors and therefore increases their resistance. If the grid is 
part of a balanced Wheatstone bridge, the change in resist- 
ance will upset the balance and cause an error signal, propor- 
tional to the weight, to appear across the meter. Strain gages 
are widely used in industrial electronics and were described 
in some detail in the May, 1960 issue of this magazine. 

In electronic weighing, the assembly which converts weight 
into a signal is usually called a load cell; the most widely used 
type is basically hydraulic. Electronics enters only to convert 
the hydraulic force into an electrical signal which can con- 
veniently be transmitted and measured. A basic hydraulic 
load cell, shown in Fig. 5, consists of a large diameter piston, 
held concentric by the stayplate and the bridge ring, which 
"floats" on oil. As the piston is forced clown, it exerts pressure 
on the oil which is passed through a very narrow tube. Al- 
though the motion of the piston may only be .005 inch maxi- 
mum, the difference in diameter between the piston and the 
tube results in a much larger motion of oil in the tube in ac- 
cordance with hydraulic principles. If the tube is curved and 
sealed at the end, it will be stretched as the pressure increases. 
This is called a bourdon tube and is used in many hydraulic 
systems to indicate oil pressure. In electronic weighing sys- 
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tems the motion of the bourdon tube is sensed by a differential 
transformer whose movable core is mechanically linked to the 
end of the tube as shown in Fig. 5. 

The basic circuit for null balancing is shown in Fig. 6; it is 
used in practically all weighing systems which depend on dif- 
ferential transformers. Note that both primaries and second- 
aries of the transformers are connected in series although in 
other systems this is not always the case. A matching trans- 
former links the difference signals to the input of the servo 
amplifier but in other systems a resistor network performs the 
same function. As long as a difference signal exists at the 
servo amplifier, power will be supplied to the control winding 
of the servo motor which will turn to pull the core of trans- 
former T: to match the position of the core of Tr, the sensing 
device for the load cell. 

Electronic Weight Indication 
If we add another gear train and a counter to the linkage 

of the circuit of Fig. 6, the weight can be indicated directly 
in numbers instead of by the pointer on the scale. If the servo 
system were replaced by a digital voltmeter which measures 
the output of differential transformer Tr we would have an 
indication of weight in digital form, both visually and elec- 
trically. Actually the most widely used means of reading 
weight electronically is with a digital shaft -position encoder. 
This device translates shaft position into a binary number by 
means of a printed -circuit pattern on a disk and a set of sta- 
tionary contacts. The position of the shaft determines the 
electrical connections that are made. If the shaft is geared to 
the servo motor then the output of the encoder can be used 
directly to furnish binary data to a computer or automatic 
printer. There are also a number of all -electronic devices 
which convert an a.c. or d.c. voltage into pulse trains with 
binary codes. These so- called A/D (analog -to- digital) con- 
verters constitute a highly specialized field in themselves and 
while they will often be found in industrial installations, their 
servicing should be left to qualified specialists. 

Practically all electronic weighing systems that provide a 
numerical display or which furnish data to a computer use 
some means of converting the analog output of the scale into 
a digital signal. One unique method of providing both a visual 
scale indication and a digital read -out is used in the so-called 
shadowgraph scale. As illustrated in Fig. 7 the scale is an 
even -balance type with a counterweight. The indication is by 
means of a light beam which is formed by a reticle mounted 
on the scale beam. By adding a binary coded portion to the 
reticle and a set of photocells adjacent to the dial chart a 

binary output of weight indication is obtained. 
This binary signal can be used either to drive a counter, ac- 

tuate certain signals, drive a data printer or some other control 
equipment. This type of scale is used in such special applica- 
tions as coin counting as shown in Fig. 8. A carefully counted 
roll of coins is used as a checkweight and the shadowgraph 
indicator shows the amount of over- or under -weight. At the 
same time this information can be recorded to keep count of 
large amounts of coins. 

Fig. 8. Shadowgraph 
coin -counting scale is 

basically the some 
device shown in Fig. 
7. Roll of coins is 

balanced against an 
exact count of coins 
in another roll. Over 
or underweight con- 
dition is indicated 
by projecting a line 
on translucent scale. 
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British Grìnd Station for Satellite Communications 
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By PATRICK HALLIDAY 

Description of equipment installed at Goonhilly Downs 
now being used successfully to relay television and 

telephone signals from U.S. to Europe via " Telstar." 

Goonhilly Downs ground station is in 
Cornwall at the southwest tip of England. 

Steerable dish antenna is 85 feet in diameter with moving parts 
weighing more than 850 tons. No protective radome is used and 
because of exposed location and high winds, extremely solid con- 
struction is employed with considerable driving power reserves. 

MANY communications experts hclirce that orbiting 
relay satellites are destined to play a vital role in 
world communications during the next decade. 

Projects "Telstar," "Relay," and "Echo" have pointed up the 
likely pattern of satellite techniques and equipment. But 
equally important for a practical world -wide service will be 
the establishment of a network of ground stations, with sensi- 
tive antennas that can be accurately tracked on the satellites, 
low -noise microwave receivers and high -power transmitters, 
and full facilities for patching into national television and 
telecommunications services. 

In order to cooperate with the testing and assessment of 
the experimental U.S. communications satellites, the British 
Post Office -responsible for all telecommunications services 
in the United Kingdom -has erected an elaborate ground 
station on Coonhilly Downs, in the extreme southwest tip of 
England. The site is close to the spot from which the Euro- 
pean end of the original transatlantic tests were conducted 
by Marconi in 1901. Although the Coonhilly station -com- 
pleted by June, 1962 to meet the "Telstar" schedule -is only 
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View of the antenna dish from the antenna control console. 

experimental at present, it is intended that the station will 
eventually become one of the first fully operational links in 
any future commercial service. Full provision is made for 
relaying from the United States of television, telephone, tele- 
graph, and other signals. 

What will these earth -space stations of the future be like? 
The set -up at Coonhilly provides a key to what may be stand- 
ard practice in a few years time. 

The main constructional feature is the steerable dish an- 
tenna 85 feet in diameter, the moving parts of which weigh 
more than 850 tons. Since there is no protective radome and 
because of the exposed hilltop location where high winds 
sweeping in from the Atlantic are common, extremely solid 
construction and considerable power reserves have been con- 
sidered essential. Two 100- horsepower driving motors are 
employed and provide a maximum speed of 1' per second 
in elevation and 2 per second in azimuth. The large parabolic 
dish is designed to remain fully operational in winds of 65 
m.p.h. and gusts of over 90 m.p.h. In more severe gales the 
antenna is clamped with the axis of the dish vertical. 

The antenna is steered primarily from information coining 
over the NASA minitrack network from the Goddard Space 
Flight Center. The orbital predictions are fed into a computer 
which processes the data to provide in each one -second inter- 
val information in punched tape form for the antenna steering 
equipment giving time, azimuth bearing and its rate of 
change, elevation and its rate of change, and the slant range 
to the satellite. The computer is programmed to take into ac- 
count such factors as changes in atmospheric refraction. The 
design accuracy of tracking is better than 4 minutes of arc 
(0.07° ) plus additional manual or automatic correction. 

Receiving c% Transmitting Equipment 
Immediately behind the reflector dish is a cabin containing 

a traveling -wave maser tuned to 4170 mc. and cooled by 
liquid helium and liquid nitrogen. The permanent magnet 
for the maser weighs 250 pounds but to reduce the consump- 
tion of liquid helium, the magnet is being replaced by a super- 
conducting magnet. Coils wound with niobium supercon- 
ducting wire lose all trace of electric resistance at extremely 

(Continued on page 7:3) 
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THE 
BUSINESS 

RADIO 
SERVICE 

By GEORGE W. PETTENGILL 

Administrator, Product Planning, Mobile Communications Equipment 
Radio Corporation of America 

Two -way mobile radio communications 

reduces costs through efficiencies 

in the conduct of daily business. 

Here are facts and figures 

on this fairly new radio service. 

\ \ O -WAY mobile radio communications were first used 
hy the safety services such as police and fire depart- 
ments, but it soon became apparent that this new 

tool could be used to good advantage elsewhere. Business 
and commercial services started slowly to make installations. 
using licenses issued in the Citizens Radio Service. The tempo 
of these installations increased to the point ...here. on June 
19, 1958, the Federal Communications Commission estab- 
lished a new service known as the Business Radio Service 
for the use of such commercial enterprises. Its growth was 
very rapid and at the end of the first year, there were 8800 
authorizations. After two years there were 19,160 authori- 
zations, after three years 28.400. and at the end of four 
years 37,450. The service continues to expand at a rapid rate. 
Such growth clearly indicates the usefulness of this method 
of communication. 

/,imitations of Citizens Band 

The first business radio operation was licensed in the Citi- 
zens Band because there was no other category under .which 
the necessary authorization could be obtained. However. the 
CB radio service was originally created by the FCC to provide 
personal communications for inclividuals and was not intended 
for large fleets of vehicles. It had a number of disadvantages. 
The frequency band, originally 460 -470 mc., was good only 
for short -range communication. power was limited, and all 
stations were required to share channels with all other sta- 
tions. Operation in this band left something to be desired. 

Since the Business Radio Service was established, the FCC 
has changed the Citizens Band rules and has provided twenty - 
three channels in the vicinity of 27 me. However, CB service 
still has some serious disadvantages for commercial use. 

Power is limited to 5 watts input and the service must be 

shared with more than 200,000 other users. 

Frequencies. Eligibility. and Licenses 

The FCC recognized many of the shortcomings of the 
Citizens Band for business operation and created the new 
BRS which was much better adapted to such use. It provided 
thirty -three base -station or mobile channels in the so- called 
low- frequency v.h.f. band of 30 -50 me. (actually 27 -43 mc.) 
which could be usecl for stations requiring maximum range. 
In addition, the FCC authorized twenty -one v.h.f. channels 
between 150 -174 mc. (actually 131 -158 mc.) which provide 
good operation for medium range. Also. it set aside more 
than one hundred channels in the u.h.f. high band between 
460 and 470 me. which are excellent for city coverage and 
offer superior short -range communications. 

Essential}. all business activities are eligible for the BRS. 

as .well as some educational. philanthropic, and religions 
institutions, hospitals, and clinics. The main requirement is 

that it be a lawful commercial activity and that the owners. 
or in the case of a corporation all of the directors and 

officers. be U.S. citizens. Messages carried on the system 

should be confined to the accomplishment of business activity 
and must give way to any emergency communications in- 
volving immediate danger to life or property. The rules set- 

ting up the BRS do not permit point -to -point communication, 
but only communication to mobile units. 

To comply with legal requirements. the radio station must 

have an FCC authorization to operate. This is obtained at no 

cost by filing an application which sets forth location of the 

station. identity of the applicant, and some technical informa- 
tion. The authorization is good for a five -year period. The 
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base -station operator must have an operator's license, or an 
operator's permit, and both the holder of the station license 
and the operators must be U.S. citizens. In addition, if an 
antenna tower is to be erected, permission must first be ob- 
tained from the FAA which must pass on any tall structures 
that could become a menace to air navigation. 

The usual equipment for the BRS uses frequency modula- 
tion and 5 -kc. deviation for the lower bands and 15 -kc. for the 
high band. The FCC sets frequency stabilities of .002% for 
the low band and .0005% for the two higher bands. The as- 
signed channels have various plate -power input limitations, 
some being restricted to 3 watts, to 30 watts, to 180 watts, 
to 500 watts, and others to 600 watts input. Communications 
over these channels is limited to voice messages and restricted 
to the audible frequencies between 300 and 3000 cps. 

Planning the System 
Planning a communications system in the BRS is normally 

a joint effort of the user and the supplier of the equipment. 
The user can be very helpful and usually can supply infor- 
mation on the following: 

Table 1. Listing of frequencies available for Business Radio. 

LOW V.H.F. BAND 
FREQ. PWR. LIMITS 

27.235 mc. 30 watts (shared channel) 

27.245 

27.255 
27.265 

27.275 
27.39 500 watts 

27.41 
27.43 180 watts 

27.45 " 
27.47 
27.49 

27.51 3 watts 
27.53 

33.14 

35.02 
35.04 

35.06 

ff 

PP 

180 watts 

ff 

FREQ. PWR. LIMITS 

35.08 mc. 180 watts 
35.10 
35.12 
35.14 
35.18 
35.70 500 watts 

35.72 

35.88 180 watts 

35.90 
35.92 
35.94 
35.96 
35.98 
42.96 180 watts 
42.98 3 watts 
43.00 180 watts 

/I 

AP 

500 watts 

HIGH V.H.F. BAND 
FREQ. PWR. LIMITS FREQ. PWR. LIMITS 

180 watts 151.955 mc. 600 watts 
152.300 600 watts (shared channel) 

152.360 

152.420 " ff 

154.540 180 watts 

154.570 3 watts 

154.600 

157.560 600 watts (shared channel) 

157.620 

157.680 

151.625 mc. 

151.655 

151.685 

151.715 
151.745 

151.775 
151.805 

151.835 

151.865 

151.895 

151.925 

ff 

ff 

PP 

600 watts 

U.H.F. BAND 
461.05 mc.- 469.95 mc. 

110 channels with various power limits; most channels shared with 
other services. 

Notes: 1. Power figures refer to maximum plate -input porter 
to final r.f. stage. 2. For other limitations and specific regula- 
tions, see FCC Rules & Regulations, Part 11. 

1. Area to be covered by the radio system. 
2. Number and types of vehicles in which mobile 'ts 

will be installed. 
3. Locations available for the base station. 
4. Location of the dispatcher, or dispatchers if more than 

one is required. 
5. Local building laws governing the erection of antenna 

towers. 
With this information, a supplier's representative can de- 

termine the type of equipment and transmitter power re- 
quired to build an adequate system. He also will be helpful 
in selecting the desirable frequency band and the specific 
channel best suited to the area. In defining the area to be 
covered, it is well to consider any expansion contemplated 
for the future as it is often less expensive to make provision 
for extension of the original system than to modify it at a 
later date. The same thinking can be applied to mobile units, 
as the FCC will permit an applicant to license the number 
of units he expects to have within the next five -year period 
even though he does not put them all in originally. 

Antennas & Equipment 
Location of the base station and antenna tower should be 

worked out jointly with the equipment representative as it 
ties in directly with the area to be covered and the amount 
of transmitter power which can be used. The dispatcher does 
not have to be located at the same place as the base station. 
so usually this does not create any problem. It is possible 
to have several dispatching locations on the transmitting 
equipment if there are several departments using the same 
radio system. 

In general, the user will be more thoroughly acquainted 
with local building laws which ofttimes restrict the location 
or height of antenna towers. In many places, a building 
permit is required to erect such a tower. While the usual 
system consists of a base -station transmitter and receiver 
with its accompanying antenna, a number of alternate meth- 
ods is available to adapt a radio system to the special re- 
quirements of the user. These take the form of directional 
antennas which radiate most of their energy in the desired 
direction. Such antennas are usually used when the base 
station is on the edge of the area to be covered. 

If greater range is required, the base station can be located 
on top of a hill or a tall building and controlled over a leased 
telephone line or by a separate radio circuit. On the two 
higher bands, antennas are also available which have power 
gain and will extend the range by radiating signals which 
are equivalent to transmitters having greater power. 

FCC -approved equipment to provide the radio system de- 
scribed here is available from several reliable manufacturers 
in all three frequency bands and comes in a variety of trans- 
mitter powers and types of enclosures. Mobile equipment 
is available for both six- and twelve -volt operation but is 

usually limited in power output to approximately 100 watts. 
This limit is imposed by the power available from the ve- 
hicle's electrical system. 

Two -way mobile radio communications is a new tool which 
many users find helpful in reducing costs through efficiencies 
in the conduct of daily business. Radio transmitters must 
conform with certain legal and technical requirements im- 
posed by the FCC, and stations may not be placed in opera- 
tion without proper authorization. Good planning of the 
system before installation will pay off by better operation 
and more satisfactory communications. 
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Fig. 1. How to remove metallic par- 
ticles from the movement's magnet. 
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CORE 

ZERO ADJUSTER METAL CHIPS 

STEEL SLIVER 

Service That's Meter Movement 
Despite the "hands off" warning for some defects, many remedies 
for erratic action are within the scope of the nonspecialist. 

By THOMAS R. HASKETT 

SINCE THEY feel that such work is properly left to 
specialists, few technicians will attempt to work on 
the movements of their meters. It is true that certain 

jobs must be left to the meter shops and labs specializing in 
this field. Nevertheless, there are certain maintenance and 
repair measures which, although they may require some care, 
are within the scope of the average technician interested in 
saving the expense of replacement or outside repair. 

If the pointer tends to stick or move erratically, or if it 
cannot be "zeroed" reliably by means of the external, zero - 
set screw, the trouble is likely to be one that can be handled 
without going elsewhere. This applies to the d'Arsonval 
movement. or basic d.c. ammeter, which is common to most 
instruments technicians are likely to encounter and use. It 
is such meters with which we deal here. 

The first rule is that work should be done in a closed room; 
one with little air circulation. A clean, well lit table should 
be covered with a large sheet of white paper. Any tools to 
be used should first be freed of metal particles, dirt, and 
lint by brushing with a small, clean paint brush. The tech- 
nician then rolls up his sleeves, washes his hands thoroughly, 
and dries them. He is now ready for "surgery." At this point, 
the meter can be inspected to determine whether it can be 
repaired or not. 

Preliminary Examination 
The movement is removed from its 

case carefully and a visual check is made 
of the coil and springs. If these have 
been burned out, no further attempts 
should be made; the unit is beyond re- 
pair. 

If the glass or the case has been 
broken, it's extremely likely that clust 
has found its way into the coil. This 
would account, at least in part, for any 
sluggishness noted in the pointer's ac- y 1.5V. 

tion. This can be remedied. However, 'T 

wá 

it is also likely that the meter pivots are chill, and these can't 
be repaired in the field. However, if glass, case, coil, and 
springs are intact, cleaning and re- adjustment can be per- 
formed. 

Lint and Dirt 
If the pointer tends to stick at some particular spot on 

the dial, or if tapping the case while a static measurement 
is being made causes the reading to increase without an in- 
crease of coil current, the most probable cause is lint, dust, 
or metallic particles in the coil or on the magnet surrounding 
it. Such foreign particles can be removed by either or both 
of the techniques described here. 

A thin sliver of steel is most suitable for drawing off chips 
of ferrous metal clinging to the magnet. This implement, 
which can be fabricated easily, should be filed extremely thin 
at its point. it should then be wiped carefully to make certain 
there is nothing on it that it can deposit in the movement. 
Then, as shown in Fig. 1, it should be inserted between the 
pole piece and the core in such a way as not to touch the 
springs or coil. This is not an easy job, particularly for some- 
one who has not clone it before, but it can be managed. 

Use a magnifying glass to check for lint, since even a tiny 
piece can cause sticking. Relatively large 
pieces can be removed with fine tweez- 
ers. For others, a burning tool like the 
one in Fig. 2 may be needed. Wires can 
be taped to the outer surface of the 
wooden dowel for support. The working 
end is formed much like a small soldering 
tip. It may be necessary to hammer the 
point flat so that it can be inserted in 
the coil without disturbing the latter too 
much. Although the stepped -down volt- 
age is intended to control the build -up 
of excessive heat, avoid a heavy hand 
or the application of the burning tool in 
one area for too long a time, lest the 

\-3" 
WOODEN DOWEL 

4-o-ABOUT 3`-wi 
024 NYCLAO 

WIRE 

Fig. 2. A simple burning tool for re- 
moving fine particles of dust and lint. 

Fig. 3. Hook -up for deflection check. 
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springs or the wire of the coil be subjected to damage. 

Friction Problems 
If the moving pointer scrapes the dial at one or more 

points, this friction will of course cause sticking and erratic 
movement; the obvious remedy is to straighten the pointer. 
Use tweezers and work gently. Too much force can damage 
the coil or springs. 

If a meter has been subjected to excessively rough treat- 
ment, there is a chance that the jewels have been cracked or 
the pivots dulled. You can do nothing about either of these 
defects -but there's one other possibility that could cause 
similarly erratic deflection. The bearings may be too tight. 
The jewel screw, located in the center, should be loosened 
slightly to see whether friction is thereby reduced. It will 
probably be necessary to use a jeweler's screwdriver for this 
job. If one isn't handy, a thin scrap of metal can be filed 
clown to size but, once more, be sure to brush away any 
filings before use. 

Rebalancing 
If the meter movement no longer returns accurately to 

zero indication when current is not applied, it is possible that 

sible marks. As a rule. any that are found can be removed 
with an ordinary pencil eraser -but don't run the risk of hav- 
ing eraser particles get into the movement. Hold the meter 
upside -down so that debris will fall away from the coil and 
springs. 

Checking and Calibration 
It is a good idea to get the meter back in its case before 

final checking and calibration, and this can be done if no 
internal shunt is used. Where a shunt is involved, the move- 
ment is best left uncased for these final steps, since the shunt 
itself may require correction. 

First the deflection action of the pointer with current 
applied should be observed. A suggested hook -up is shown 
in Fig. 3. The series potentiometer should be high to start 
out with, greater than internal resistance of the movement. 
The procedure can be started safely with both potentiometers 
at full resistance, but one of the wires to the meter terminals 
should be held in place by hand rather than connected 
securely. Thus, if rotating the arm of the series pot causes 
the pointer to deflect suddenly, the wire can be released 
before the coil has a chance to burn out. 

If abrupt motion of this type is noted, a series pot of 

TAIL SIDE 
WEIGHT WEIGHT 

(A) (B) (C) 
Fig. 4. Zero set holds well in any position with proper balance. Check and adjust in the three positions shown. 

misuse has disturbed its delicate balance. There is an ex- 
ternally available zero -set screw on the face of the case, of 
course, but its re- adjustment may not bring the pointer to 
rest at zero regardless of the position of the meter. 

Correction of this condition involves adjustment of the 
balancing tail and side weights, located at the bottom end 
of the pointer near the pivot. Before attempting this, make 
sure that the pointer is straight. Then hold the meter so that 
the zero mark heads up at an angle of about 22 degrees 
from the horizontal, as in Fig. 4A. In this position, adjust 
the zero -set screw so that the pointer is exactly over zero. 

Next rotate the meter until the zero mark and the pointer 
are heading horizontally, as in Fig. 4B. In this position, 
adjust the tail weight for exact zero. Finally, hold the meter 
so that the pointer and the zero mark are pointing straight 
up (Fig. 4C), and adjust the side weights for accurate zero 
indication in this position. 

Screw -type adjustments may be used for these weights, but 
they vary with the make and model of the movement. Some 
ingenuity may be required in utilizing and even fabricating 
tools that will facilitate manipulation. 

Before the movement is returned to its case, the latter 
should be cleaned, but never use a cloth: lint will almost 
certainly find its way back into the coil. Use a clean, soft - 
bristle brush and always stroke away from the movement 
itself. 

Although this is largely a matter of appearance rather 
than performance, the dial face should be inspected for pos- 

December, 1962 

higher value should be substituted and the operation can be 
attempted again. By alternate re- setting of the two controls, 
a point is found where manipulation of one control produces 
a controlled deflection of the pointer. It should now be pos- 
sible to adjust for deflection from one extreme of the dial 
scale to the other, in order to make certain that the pointer 
moves freely and smoothly throughout its arc of travel. 

If another meter of known accuracy is on hand, it can be 
used to check the accuracy of the repaired unit by substitu- 
tion for the latter in the arrangement of Fig. 3 or by placing 
the two meters in series. If such a precise standard is not 
available, the best thing to use is probably a simple, 20,000 - 
ohms- per -volt v.o.m. Such an instrument generally contains 
a movement rated at about 50 microamperes in association 
with other elements that are entirely passive. Its inherent 
accuracy and stability are high. The v.o.m. should be switched 
to a current range as close as possible to the full -scale value 
on the dial of the repaired unit, but not lower than the latter. 

If this test shows the repaired unit to be inaccurate and 
the latter uses an internal shunt, it may be possible to re- 
connect or replace the shunt to improve precision. Accuracy 
may have been impaired because age and the effects of other 
magnetic fields have weakened the magnet. Nevertheless, 
"re- shunting" can correct this condition. The proper resist- 
ance value is determined simply by the trial- and -error method. 
Make certain that voltage is not applied to the movement 
whenever the shunt is removed, or coil burn -out may result. 

(Continued on page 66) 
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MAC ' 
ELECTRONICS 

SERVICE 
By JOHN T. FRYE 

Putting on the Pressure 
B\li\El came into the service shop stamping the first 
wet, clinging snow of the winter off his feet under 
the disapproving eyes of Amanda, the office girl. 

"Boy! It's really beautiful out there this morning with the 
snow sticking to the wires and tree branches," he said to 
Mac, his employer. 

The latter looked up from the pamphlet he was reading 
and sadly pleaded, "Quit reminding me of how old I'm grow- 
ing! All I thought about on the way to work was how slippery 
the snow macle driving, the trouble it % vould cause the line 
crews, and whether or not it would break any branches off 
my apple tree in the back yard. When you cease just enjoying 
the endless panorama of the weather and start regarding a 
change as merely a big fat nuisance, the years are catching 
up with you." 

"Don't take it so hard," Barney suggested with a sympa- 
thetic grin. "What are you reading ?" 

"An article published by a friend of mine who works in the 
Sonar Systems Branch, Sound Division, of the U. S. Naval 
Research Laboratory in Washington. His name is Chester L. 
Buchanan, but that "L." stands for Leroy, and I've always 
called him Roy. He and a fellow worker, Matthew Flato, 
published this paper called 'Putting Pressure on Electronic 
Circuit Components' in the ISA Journal, and Roy sent me 
a reprint of it. 

"You see in oceanographic research various forms of elec- 
tronic deep sea probes are used, and these instruments have 
to take tremendous pressures without failing. There are two 
ways of tackling the problem: (1) you can seal the equip- 
ment in a rigid, pressure -proof capsule, or (2) you can use 
parts inherently capable of taking the pressure without clam - 
age or change. The first method results in bulky, heavy 
probes. For example, a velocimeter weighing only four ounces 
requires a hventy -five pound housing to withstand the 10,000 
psi pressures encountered four miles clown in the ocean. Roy 
and his fellow worker decided to investigate the second 
method by subjecting a variety of electronic components to 
hydrostatic pressures up to 10,000 pounds- per -square -inch- 
gauge in a laboratory pressure chamber that permitted the 
component to be viewed and electrical connections to be 
made to it while the pressure was being applied." 

"What did they find out ?" 
"Resistors made by depositing carbon film or tin oxide on 

glass rods did not change at all. Standard carbon composition 
resistors changed radically with increasing pressure, going 
down in resistance in an almost linear fashion. The change 
varied from about 14% for 100 -ohm resistors to about 25% 
for 10- megohm resistors. It was concluded film deposit re- 
sistors would work very satisfactorily and carbon resistors 
might be useful as pressure transducers. 

"When capacitors were tried in the pressure chamber, 

molded mica or glass types showed no appreciable change. 
Some ceramic types changed 2 %. Miniature paper capacitors 
with the conductor deposited directly on the dielectric 
showed only about 1% change in capacitance. It was a differ- 
ent story, though, with capacitors sealed with air entrapped 
in them. Electrolvtics, for example, collapsed at relatively 
low pressure; and paper capacitors made by placing them 
in paper tubes and sealing with wax or compound poured 
into the ends dici little better. 

"The next victims for the pressure torture chamber were 
magnetic materials used as coil cores. Coils wound on these 
materials were checked for change in inductance as pressure 
increased. Types tested included grain- oriented silicon steel, 
75% nickel -iron, 507 nickel -iron, powdered iron of high -, 
low -, and medium- frequency formulation, molybdenum - 
nickel -iron dust core, and ferrite core. The grain- oriented 
silicon steel core produced about a 14% decrease in induc- 
tance at maximum pressure. The molybdenum- nickel -iron 
cored inductor increased about the same amount. Powdered 
iron core inductors all increased in inductance with pressure, 
with the low -frequency formulation increasing the most. The 
75% nickel -iron core inductor changed only slightly as the 
pressure was cycled. The egregious performer, though, was 
the 50% nickel -iron core. Its coil nearly doubled its inductance 
at only a little better than 1000 psig, and most of this increase 
was retained after the pressure was removed. Obviously mag- 
netic core materials have to be selected carefully in critical 
inductances subjected to great pressure." 

"How about tubes and transistors? Did they check those ?" 
"Yep. A 6AL5 failed by `catastrophic implosion' at about 

2000 psig, but some subminiature types withstood 10,000 
psig without any type of failure. Penlight bulbs, instrument 
bulbs, and small commercial neon lamps mostly came through 
without failure. A few imploded, and others leaked the 
paraffin oil used to transmit the pressure through their seals. 
Glass tubes were tested along the same line. Those having 
a wall thickness of .0:39" and an outside diameter as large as 
.355" withstood the full pressure, suggesting that some com- 
ponents could be sealed in glass envelopes and used in high 
pressures. 

"Transistors did not do so well. Dlost of these are sealed in 
metal cases filled with some inert material to prevent con- 
tamination; and these cases, not being designed to withstand 
high pressure, simply collapsed. On the other hand, a few 
early transistors potted in epoxy resin withstood the pressure; 
and the cased ones also passed the test when their cases 
were pierced and the paraffin oil allowed to enter. The pres- 
sure did not affect the elements of the transistors; only the 
cases failed. Uncased passivated- surface semiconductors de- 
signed to be immersed in fluids or potted in resins without 
fear of contamination operated quite well under great hydro- 
static pressure." 

"Why not just pot any element you want to protect from 
pressure ?" 

"It's not that simple. Simply placing a resistor. for example, 
in resin affords it little protection because the pressure is 

transmitted undiminished through the epoxy. But experiment 
revealed that when the same resistor is first coated with a 

spongy type of silicon rubber and then potted in dense epoxy, 
it will withstand the full 10,000 psig pressure without any 
material change in resistance. 

"Most components were subjected to high pressure for only 
a comparatively short period of time, but in one case a com- 
plete three -stage transistor amplifier was encapsulated in 
epoxy -type resin and operated without failure for several days 
under continuous 10,000 -psig pressure. At some points, com- 
ponents were within 1/18" of the surface of the plastic; and 
the circuit contained many components that, unprotected, 
would have failed under the pressure." 

"It looks, then, as though almost any basic electronic need 
(Continued on page 80) 
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Fig. 1. Author's model was built from scrapped 
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52 

VARIABLE - 
o VOLTAGE, 
.'; REGULATED 

POWER 
53 R8 '.. ' ' SUPPLY 

TV set parts. 

Construction of a rugged, low -cost bench 
power supply that can furnish up to 400 

volts and will deliver 250 ma. at 250 v. 

THE electronics experimenter often encounters a major 
problem in his laboratory: the need for well- regulated 
d.c. power for design and service work. This supply 

will meet the requirements of a variety of projects whose 
needs are as little as 9 v. at a few ma. to 350 v. or more at 
a couple of hundred ma. The output voltage is regulated 
within 1% for a wide range of line voltage and load current 
variations within the recommended current ratings. 

Operation 
The supply operates in this manner (refer to Fig. 2): T, 

and V, form a conventional full -wave rectifier. A choke was 
omitted for two reasons: (1) it would introduce resistance 
and limit the current that could be delivered by V1, and (2) 
it would oppose sudden changes of current demanded by the 
load. 

Think of V. as a variable resistor; by changing its bias, its 

By JAMES P. RODGERS 

plate resistance, the current through it, and consequently the 
output voltage of the supply will change. V., a d.c. amplifier 
samples the supply's output voltage at R.., and produces an 
error signal to change V.-: s bias. As V. is a "starved-amplifier,- 
its 10- megohm plate resistor is not a mistake. Voltage changes 
at the plate with this size resistor are much greater with small 
changes in grid voltage; the result is better regulation. 

Assume that the load is decreased and the supply's output 
voltage rises. A proportion of the rise in output appears at 
R... and the grid of V.. This rise in grid voltage ( the grid be- 
comes positive with respect to the fixed, highly negative 
cathode voltage) causes an increase in current through V. and 
a fall in its plate voltage. (The plate voltage in approaching 
the negative cathode voltage becomes negative with respect 
to ground.) Now, as V.'s plate is connected to the grids of V.,, 
V.'s grid voltage becomes negative with respect to its cathode 
causing its plate resistance to increase and the supply's output 
voltage to decrease. 

There are no construction problems and layout is not criti- 
cal. When selecting the power transformer from an old TV 
receiver, make sure it will supply the necessary current. The 
service literature for the set will include the voltage 

(Continued on page 77) 

Fig. 2. R. applies -206 to -300 volts, from V V , and V1, to V.:'s cathode. When 
V. conducts, its plate voltage and V:'s grids become negative with respect to ground. 

o 

TI 

hef 5U4 
vi 

CI 

20 
y t. 

52 

6 %4 
v2 

í00K 

PL2 NESiO 
ON 

+ C2 

- 20 
y t. 

R6 
330K 

RS 
10 MEG. 

R3 
220K 

RIO 
200K 

R4 
47K 6BD6 

V6 

December, 1962 

CM 
(SEE TEXT) 

2K 

R,. R-lll0.pg0 ohm. ' í te. res. 
R. 2000 ohm, I0 s. airrwoand 
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(see text) 
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DOORBELL 
MONITOR 
for the DEAF 

0 

By ERNEST S. GORDON / Armour Research Foundation of Illinois Institute of Technology 

lume -Guilt unit in which r.f. voltage superimposed on 117 -rolt a.c. line gires sustained 
risual indication when doorbell button is depressed. No special house wiring is required. 

Two different carrier- current frequencies differentiate the front and back doorbells. 

IT is a great convenience and almost a necessity for the 
deaf and hard -of- hearing to know when a caller is at the 
front or back door. \'hat is sometimes done is to connect 

a relay to the doorbell ringer and complete a circuit to a 
1I7 -volt lamp. In order to have signal lamps in various rooms 
of the house, long 117 -volt wiring must be laid out, either 
along the wall surface or inside the walls. The latter must 
be installed during construction of the building and is very 
expensive; the former is an eyesore and a fire hazard. 

This article will describe a carrier- current type electronic 
doorbell monitor. It requires no special wiring throughout the 
home. In the system, a low- voltage, low -frequency ri. signal 
is superimposed on the 117 -volt line during the time when 
the doorbell button is depressed. A small transmitter unit is 
permanently connected to the doorbell ringers and may be 
wall- mounted. The small receiver may be carried to any room 
in the house and simply plugged into the 117 -volt socket for 
operation. Actually, the receiver may be operated equally 
well at the house or apartment next door, or at any home 
within a square block if the home is serviced by the same 
distribution transformer. Two bright panel lights are mounted 

Transmitter unit is 5" x 4" x 3 ". 

48 

on the receiver, one energized by the front door ringer and 
the other by the back door ringer. The lights remain on after 
the doorbell is momentarily depressed; a reset button on the 
receiver extinguishes the lamps. 

Transmitter Circuit 
The circuit diagram for the transmitter unit is shown in 

Fig. 1. The circuit is built around the single type 117N7 
vacuum tube, the diode section of the tube acting as the 
rectifier for the "B +" supply and the cathode- heater being 
directly connected across the a.c. line. The basic oscillator 
(which was described in `Electronic Shortcuts for Hobbyists," 
Sylvania Electric Products Inc., Second Edition) is of the 
Hartley arrangement; the beam power pentode is capable 
Of delivering about one watt of power. The energy is coupled 
to the line with a shall secondary winding (over the resonat- 
ing inductor) in series with the 0.5-4. capacitor. In this par- 
ticular circuit two resonating capacitors are used to give two 
oscillating frequencies, one corresponding to the front door- 
bell and the other to the back doorbell. The relay coils are 
connected to the incoming lines of the doorbell ringers, and 

Fig. 1. Doorbell monitor transmitter 
NOTE: 
II T, CONSISTS OF 2 5 mA -pi CHOKE, 

TAPPED BETWEEN IST AND 2ND pi. WITH 
10 TURNS 111 WOUND FOR SECONDARY. 

SI RL, O RL2 ARE 12 V AC RELAYS, 
AND B 013-11A -12 VOR E0. 

3) C, AND C, ARE MICA CAPACITORS. 

) CS IS CONNECTED WITH SHORT 

LEADS FR. PINS 3,5 TO2. 

produces two different carrier- current signals. 
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Fig. 2. Doorbell monitor receiver employs two completely separate channels. 

the relay contacts complete the "B-' -" circuit to the oscillator 
and to the proper resonating capacitor. 

The "front" and "back" frequencies of oscillation are ap- 
proximately 150 kc. and 100 kc., respectively, depending 
upon actual value of components used. The r.f. impressed 
upon the line is 4 to 7 volts peak -to -peak at the oscillator loca- 
tion. At other locations on the same side of the 117 -230 volt 
line, the signal is as low as 2 or 3 volts while on the other side 
of the line it is as low as 0.4 or 0.5 volt. 

Receiver Circuit 
The circuit diagram of the two- channel receiver is shown 

in Fig. 2. Each channel employs a series- resonant circuit to 
detect its respective frequency, thA variable capacitors Cr and 
C: performing the dual function of coupling the r.f. from the 
line and resonating with the series inductors L1 and L. Ger- 
manium diodes are used to detect the r.f. from the resonating 
inductors and apply the signal to the control grids of the 
thyratrons. The filter circuits R1 -C:: and R:-C. prevent inter- 
fering short -term line transients from firing the tubes. In the 
quiescent state the grids are biased negatively 3.5 or 4 volts 
clue to the voltage dividers at the cathodes, R: -R. and R:. -R:. 
After firing from the positive grid signals, the tubes remain 
conducting, energizing their respective lamps in the anode 

The transmitter shown out of its case. The two 12 -volt a.c. 
relays are mounted on the front panel as shown in the photo. 

Receiver unit is 6" s 5" s 4 ". 

circuits, until the anode voltage is interrupted with the reset 
switch. The rectifier for the "B +" supply is of the small selen- 
ium or silicon rectifier type. The series resistance in the fila- 
ment transformer secondary circuit decreases the heater volt- 
age to its rated value. 

Construction and Operation 
The two units were constructed by the author in Bud 

miniature sheet metal utility cabinets with attached chassis. 
The transmitter is 5" h. x 4" w. x 3" d. and the receiver meas- 
ures 6" h. x 5" w. x 4" d. The transmitter pilot lamp, which is 
indicated on the circuit diagram, was not used with the 
original unit but was found necessary for convenience. In 
general, the wiring and component placement is not critical 
and other arrangements could be used. Note that in the circuit 
diagrams no connection to chassis ground is shown; such a 
connection is not necessary and should not be used, for safety 
reasons. The "B +" supplies are of the line -rectifier type (one 
side "hot" to ground) and all electrical components and wiring 
should be insulated from the chassis. 

The transformer T. in the transmitter is constructed from 
a commercial 4 -pi 2.5 -mhy. r.f. choke. A tap is made between 
the first and second pi to the cathode and the secondary con - 

(Continued on page 66) 

The receiver shown out of its case. Two indicators are on 
front panel, reset switch is installed later in top of case. 
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TV INTERFERENCE 
PROBLEM S 

By GEORGE P. OBERTO, K4GRY 

Striking case histories illustrate various types of TVI, 
how obscure causes are tracked down, and their remedies. 

ASERIES of unusual interference problems, largely 
dealing with AM broadcast, short -wave, and FM re- 
ception, were described by the author in these pages 

over a year ago. Although TV interference was not neglected 
altogether, little was said on this subject. The diversity and 
complex nature of TVI merit special treatment. 

Television involves broader bandwidths than most other 
broadcast services. Also, circuits are relatively complicated, 
involving signals of various frequencies. These factors make 
the receiver inherently prone to interference from sources and 
frequencies far removed from regularly assigned v.h.f. and 
u.h.f. channels, as well as from nearby signals. 

The variety of manifestations and their uncertain correla- 
tion with specific causes make systematic coverage of TVI 
troubleshooting difficult. The categories with which we will 
deal here thus are not based on symptoms. Within each 
group, emphasis is on individual case histories. Noting how 
they were resolved can perhaps suggest as much about gen- 
eral methods as any other approach. It may help the reader to 
remember that, no matter how tough a dog an interference 
problem may seem, the remedy -once the cause is found -is 
simple. 

Front -End Overload 
When interference originates from a strong signal below 

the assigned TV channels -ham, CB, commercial, or other 
transmission -the offending source is often quite close to the 
TV receiver. The r.f. section of the TV tuner tends to become 
overloaded by the high -level signal, thus being driven into 
non- linear operation. In this condition, it will develop, from 
the original interfering frequency, harmonics that fall within 
the pass -band of receiver circuits. These, of course, are passed 
along in the TV set along with desired signals. 

if the interfering station is transmitting legally, it is not at 
fault here. Inadequate receiver design is more likely to be 
responsible. Nevertheless, the cure is usually a simple one. A 

high -pass filter that attenuates sharply below 50 mc. (Fig. 1), 
installed between the antenna line and the tuner, generally 
solves the problem. 

The technician could fabricate one himself, winding coils 

follet. 

(INPUT OF FILTER) 
3001L FROM 
TV ANTENNA 

50 

(OUTPUT OF FILTER) 
30011 TO 

TVS TUNER 

IOPe,. 

TV ANTENNA 

3001E 
TWIN-LE AO 

HIGH -PASS FILTER 

TV TUNER 
BREAK AT 
THIS POINT 

ANTENNA TERMINALS 
ON BACK OF TV SET 

Fig. 1. Troublesome 
signals below the 
TV band are kept 
out of the receiver 
by this filter at the 
input of the tuner. 

Fig. 2. A hidden 
break in the short 
lead between the 
antenna terminals 
and the tuner al- 
tered the charac- 
teristics of the 
input system, per- 
mitting entry of 
undesired signals. 

to achieve the desired cut -off frequency, but good commercial 
filters, designed to match the 300 -ohm impedance of conven- 
tional antenna systems and tuner inputs or the 72 ohms of 
coaxial lines, are available and preferred. Such filters should 
be mounted as close as is practical to the tuner. This reduces 
the possibility of strong -signal pickup on the length of trans- 
mission line from the filter to the tuner. 

There are cases, however, where this remedy will not work 
when the situation seems to be exactly of the type noted here. 
Consider the problem encountered on one top -brand, well - 
designed set, which had a high -pass filter built into the tuner 
input, adequate shielding, and interference traps in the i.f. 
system and elsewhere. It worked very well until Joe Ham, 
located only a few doors away, fired up his new 500 -watt 
radiotelephone transmitter in the 75 -meter (4 -mc.) band. An 
odd and irritating point was the fact that, although the TV 
picture was completely blanked out when the amateur went 
on the air, a cheap portable used as a second set by the owner 
of this excellent receiver was not being affected at all. 

Investigation showed that, when a common, rabbit -ear an- 
tenna was substituted for the customer's good outdoor an- 
tenna, the interference disappeared! Although picture quality 
was acceptable, the customer had invested in a good outdoor 
installation to obtain the best possible reception, and he was 
not overjoyed at the prospect of having to abandon it. 

With suspicion thrown on the antenna system, everything 
was carefully checked. The antenna and transmission line ap- 
peared to be in good condition. The length of 300 -ohm line 
from antenna to set was changed on the chance that the orig- 
inal length may have been resonant to the ham's transmission 
frequency, but this improved nothing. As a last resort, the 
short length of twin -lead from the antenna post on the back 
cover to the tuner input was replaced, although it had been 
checked out already. The interference vanished. 

Close inspection of this short line revealed an intermittent 
break (Fig. 2) in one conductor, which had maintained 
enough contact to slip by a continuity check. One side of the 
antenna line had been acting as a long -wire antenna that 
picked up the amateur's strong fundamental signal, as well 
as desired transmissions, indiscriminately. The tuner input 
was unbalanced. The filter was largely bypassed. Replacing 
the broken length of lead had restored the balanced input, 
returned the filter to full effectiveness, and re- inserted the fre- 
quency- selective, outdoor antenna into the system. 

Another case: Several months ago, a customer complained 
of cross -hatch interference, involving channels 8 and 12, on 
a newly purchased set. A check revealed that the offending 
signal originated from a CB operator down the street, with 
the front end being overloaded on these two channels only. 

After wasting more than an hour on applying conventional 
remedies without success, we decided to try new tubes in any 
circuit that might possibly be involved. The interference com- 
pletely disappeared after a replacement was inserted for the 
2nd video i.f. stage. 

How could that tube be responsible? Front -end overload 
was clearly occurring. There was no relation between the TV 
receiver i.f. and the interfering frequency. We took the re- 
moved tube back to the shop and pondered the problem. In 
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fact, we inserted the tube in the 2nd i.f. stage of a set that 
was similar to the customer's (Fig. 3) so that we could check. 
After a while, it was noted that the a.g.c. voltage would 
change, becoming more positive. 

Further investigation revealed the tube would become 
gassy when kept in operation for a time. Grid current devel- 
oped a positive voltage at the grid itself, which was fed back 
into the a.g.c. line through the secondary of the i.f. trans- 
former, bucking the negative voltage here. The a.g.c. line was 
also connected to the grid of the r.f. stage in the tuner. With 
tuner gain thus increased, non -linear operation occurred when 
the circuit was overloaded by such strong signals as those 
from the affected channels. 

I,F. Pickup 
in the early days of TV, when 21 -mc. i.f. strips were stand- 

ard, interference from hams using the popular 15 -meter band 
by direct pickup in the i.f. strip was a common problem. A 
good high -pass filter often helped, and input traps tuned to 
the i.f. were also useful. In many cases, it was necessary to 
re -align the i.f. section to shift the frequency. 

Because the interfering signal often enters through the 
front end and feeds through, rather than being picked up 
directly in the i.f. strip, a good high -pass filter at the tuner 
input will still cure a lot of present -day problems. Often a 
trap at this point (Fig. 4A), tuned to the intermediate fre- 
quency, is another effective measure. Where direct pickup 
is a factor, shielding inside the set is needed. Sometimes both 
measures must be used to clear up a stubborn case. 

Stich an instance is illustrated by complaints we had last 
spring from customers who were being troubled by interfer- 
ence from a MARS (Military Affiliate Radio System) network 
operating at 4.595 mc. This is very close to the 4.5 -mc. inter - 
carrier sound frequency. Interfering signals would mar TV 
pictures with sound bars and override TV sound with their 
own ear -splitting volume. In these cases, we used copper -wire 
and aluminum screening to shield the entire 4.5 -mc. sections 
of the affected receivers. In addition, we installed a pair of 
traps tuned to 4.595 mc. at the tuner input, where necessary, 
Nvith one on each side of the transmission line (Fig. 4B). This 
eliminated interference on most sets. 

Secondary Radiation 
After a long, rainy spell during the cold months of last win- 

ter, we received a number of customer complaints clustered 
in one area concerning severe interference from an amateur 
operator who lived in that vicinity. Most of the TV sets in- 
volved were good designs properly equipped with high -pass 
filters. Since the ham's own TV set was also being affected, 
there appeared to be a good case against him. 

However, an interview with him indicated he had done 
everything possible to no avail. He was most cooperative. Sev- 
eral of his high- and low -power transmitters were tried, all 
with the same result. They were all high -quality, properly 
filtered, commercial units in good order. Individually switch- 
ing in his various antennas for different bands also made no 
difference. We checked his entire system, more than once, 
from stem to stern. Finding nothing else, we lowered his an- 
tenna system and overhauled suspected parts, but to no good 
purpose. 

As a last resort, and with the permission of local property 
owners, we decided to use a small, battery- operated TV re- 
ceiver as an interference probe, to see whether some other, 
hidden factor was involved. Sure enough, we were on the 
right track. After probing most of the neighborhood with the 
operating portable, we noticed that the interference became 
most severe as we approached the clothes line on one of the 
properties. Replacing it cured the problem. 

The line was a plastic -coated one whose core consisted of 
hard- drawn, stranded wire. After a period of time, and accel- 
erated by the recent spell of unpleasant weather, the strands 
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had corroded considerably. With rectification possible at 
points where corroded strands came into contact with each 
other, the line became a non -linear device. It would pick up 
the ham's cleanly transmitted fundamental and generate 
strong harmonics up into the TV band, which it would re -ra- 
diate to cause interference. 

We might note that we have encountered similar problems 
with corroded connections in TV receiving antennas and 
transmitting antennas. 

Rectification Puzzler 
Harmonic generation through rectification or non- linear 

action in some element is not unheard of, although the source 
may not be obvious. Consider this case, however, which was 
encountered several years ago. The customer complained that 
he could hear strange voices coming out of his TV receiver 
even when it was turned off. In fact, he insisted the voices 
could still be heard when the line plug was pulled! 

Whatever we may have thought when we heard the story, 
a trip to the scene confirmed the strange symptom. The voice 
was that of a ham operating in the 6 -meter band, and he was 
talking up a storm. The set owner would often be awakened 
during the night, wondering what on earth was going on. 

The receiver was a 1951 Zenith, using a turret tuner with 
a large drum. The sound was found to be coming from this 
tinier, rather than from the loudspeaker. Disconnecting the 
transmission line from the antenna post, however, did stop 
the voice. The antenna was picking up enough of the ham's 
signal to light a small, neon bulb connected across the open 
end of the 300 -ohm line. 

The key step in the cure was to clean the badly corroded 
contacts in the tuner. To be on the safe side, the outdoor an- 
tenna was also re- oriented for minimum pickup of the ham's 
signal and a high -pass filter was installed. 

In this case, rectification at the corroded contacts was de- 
tecting the audio modulation of the amateur's transmission 
directly. Considering the level of his signal available from the 
antenna, the demodulated audio was strong enough to be 
reproduced by mechanical vibration in the tuner structure. 

Self- Interference 
In another case, we had licked a rather difficult TVI prob- 

lem in a neighborhood thickly populated by amateurs and CB 
operators. Several months later, the customer complained 
that the interference had returned. Sure enough, our own 

(Continued on page 76) 
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High-A ccuracy 
Satellite tracking System 
By JAMES E. KIRCH / Program Manager, Goddard Range & Range Rate System, Motorola Inc., Military Electronics Div. 

THE mixture of fact and fantasy one reads today about 
space and spaceships, missiles and satellites, exotic 
propulsion systems and spectacular methods of com- 

munication has somewhat neglected one extremely important 
phase of man's ventures into space. 

This editorially neglected orphan of the space race is the 
means by which earthbound scientists can keep track of 
vehicles after they are launched. 

Perhaps this represents the unspectacular phase of space 
exploration, or perhaps it is assumed, erroneously, that once 
the satellite or spacecraft is placed in orbit or shot out into 
space, its position, rate of travel, and orbit can be easily 
determined to any degree of accuracy. 

The National Aeronautics and Space Administration 
(NASA) is expending considerable time and effort in de- 
veloping a sophisticated new satellite tracking system, the 
Goddard Range and Range Rate Tracking System, which will 

Description and operation of 

provide an improvement in the resolution capability with 
which the satellite or space vehicle can be located in space 
and its velocity determined. 

The new system was initially conceived by the Goddard 
Space Flight Center at Greenbelt, Maryland. Following the 
research and engineering of the system by Goddard engineers 
and scientists, fabrication of the system equipment was en- 
trusted to the Motorola Military Electronics Division in 
Phoenix, Arizona. 

Use and Accuracy 

The new system, which will be suitable for tracking near - 
space and cis -lunar ( this side of the moon) distance satellites 
and probes, is expected to play a major role not only in current 
near -space satellite tracking projects, but also to serve as a 
prime tool to gain data required for the advanced systems 
that will be required in our future deep -space probes. 

a new system that can pinpoint 
spacecraft with a tracking resolution of 16 yards in distance 

and within a speed of as little as .1 inches 
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The Range and Range Rate System, when used to track 
satellites in near -space operations, will provide a resolution 
capability for determining the spacecraft position to within 

13 meters (16 yards) in range and ± 0.1 meter (4 inches) 
per second in range rate. Range is described as the satellite's 
position in relation to the tracking station, and range rate is 
the velocity in relation to the tracking station. 

Equipment Required 
Ground -based tracking facilities will consist of tracking 

stations deployed around the world. Each tracking station will 
be equipped with a very -high- frequency (v.h.f.) antenna 
system, an S -band antenna system (1700-2300 mc. ), and 
transmitter and receiver equipment installed in vans similar 
to the semi -trailer trucks on the nation's highways (see Fig. 1). 

The ground -based equipment is just "one end" of the gear 
needed to communicate back and forth with a satellite to 
obtain the required information for precise tracking. The 
"other end" of the system is an electronic device in the 
satellite known as a "transponder." 

Transponders to be used with the Range and Range Rate 
System -some of which will be produced by Motorola and 
others to be furnished by the government -are highly sophis- 
ticated devices which receive the signal from the earth track- 
ing station, automatically process the signal, and return an 
answering signal to the ground station. 

One Station or Three 
The Range and Range Rate System can be used effectively 

with one ground station tracking a spacecraft or with three 
ground stations set up in a trilateration pattern. 

When single stations are employed to track, the stations 
are positioned around the globe in the approximate path of 
the expected orbit. Different orbits can be accommodated by 
moving the stations to other global positions. The tracking 
station equipment, mounted in air -transportable trailer vans, 
can be easily moved to any desired location. 

When the system is used with three tracking stations set 
up in a trilateration pattern, simultaneous measurement of 
specific regions of a satellite's orbit is obtained. The three 
stations employed in this mode of operation are accurately 
surveyed to insure that incorrect positioning of the ground 
equipment does not adversely affect the data obtained. De- 
pending on the mission of the satellite being tracked, the 
stations can be placed at various points around the globe with 
either all three stations within a few hundred miles of each 
other or spaced thousands of miles apart on different conti- 
nents. 

Because the transponder in the satellite \will have to func- 
tion as well with single stations as with three stations in a 
trilateration pattern, it incorporates three channels. \Vhen 
used with the trilateration complex of tracking stations, the 
transponder will be capable of responding simultaneously to 
the signals sent from each of the three stations. 

The system requires that a minimum of advanced informa- 
tion about the satellite be forwarded to each tracking station 
prior to the arrival of the satellite over that station. This in- 
formation includes the expected time of arrival of the satellite 
over the particular point and the satellite's approach azimuth 
(elevation) angle. By furnishing this information to the track- 
ing station in advance, the time required by the tracking sta- 
tion antennas to locate or "acquire" the satellite (antenna 
search time) is decreased. 

Obtaining the Data 
As the satellite passes over the tracking station, one of two 

different methods can be used to obtain the range and range 
rate data. In the first method, the S -band antenna system 
is used to extract the range and range rate information while 
using the v.h.f. antenna to locate or "acquire" the satellite. 
The v.h.f. antenna sweeps back and forth in a sector- scanning 
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Ó 

VHF 
TRANSPONDER 

S -BAND 
TRANSPONDER 

VHF 
ANTENNA 

VHF 
TRANSMITTER 

1 
VHF 

RECEIVER 

TIMING 

SLAVE. 

RANGE 
TONES 

S- BAND 
ANTENNA 

O 

RANGE: 
)IF:ARMIN, ; 

F:VCIPUFSI' 

S -BANC) 
TRANSMITTER 

S- BAND 
RECEIVER 

o 

RANGE. -RATE. 
MEASURING 
EQUIPMENT 

DATA 
RECORDING N 
EQUIPMENT 

Fig. 2. Simplified block diagram of the tracking system. 

function until it locates and locks onto the signal being re- 
ceived from the 136 -mc. minitrack beacon in the spacecraft. 
While the v.h.f. antenna is searching for the satellite, the 
S -band antenna is "slaved" to the v.h.f. antenna -that is -it 
follows exactly the same sweeping movements as the v.h.f. 
antenna. Thus, both antennas are always "aimed" at the same 
point, and when the v.h.f. antenna locks onto the satellite 
signal, the S -band antenna is also automatically locked onto 
the signal. 

At this point the function of the two antennas is separated. 
The S -band antenna automatically adopts an autotrack mode 
of operation, remains locked onto the satellite, and begins 
extracting range and range rate data by sending signals to 
the satellite for processing by the satellite's transponder and 
return to the tracking station. By acquiring or "finding" the 
satellite for the S -band antenna, the v.h.f. antenna has now 
completed its responsibility in this particular method of oper- 
ation. See Fig. 2. 

In the alternate method of operation, the v.h.f. antenna is 
used to both acquire the satellite and to carry out the function 
of extracting the range and range rate data. 

Measuring Velocity & Position 
Range rate or relative satellite velocity, which is the speed 

of the satellite in relation to the particular tracking station 
obtaining the data, is measured by the Doppler principle. In 
this method the two important considerations are the time 
required for a signal to be sent to the satellite and returned 
to the tracking stations and the strength of the signal when it 
is returned. By measuring the Doppler cycle shift or character 

(Continued on page 79) 

ON OUR COVER 
A SATELLITE or space vehicle orbiting the earth or pene- 

trating deep space accomplishes nothing for our country's 
space program unless we can accurately track the vehicle and 
gain pertinent data from it. 

Lowell V. Havener, Graphic Arts Supervisor at Motorola's 
Systems Research Laboratory in Riverside, California, illustrates 
his conception of satellites being accurately pinpointed in 
space by means of three earthbound tracking stations. Trans- 
ponders on the satellite being tracked pick up the three beams 
and re- transmit the signals back to the ground stations. 

The accompanying article discusses the principles involved 
in the new tracking system which will provide the resolution 
capability for tracking a spacecraft with a high degree of ac- 
curacy. The system is being produced by Motorola for NASA's 
Goddard Space Flight Center. 
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Part 2. Post -War Sets 

By MAURICE P. JOHNSON, W3TRR 

Circuit design techniques that have led up to the highly sensitive, very 
selective, and stable radio amateur and short -wave receivers of the present. 

WflEN receiver manufacturers returned to the pro- 
duction of commercial products after World War 
II, evidences of new design efforts began to ap- 

pear. The multi -purpose communications approach reached 
a peak of versatility with the impressive "SX-42" produced 
by Hallicrafters. This complex 15 -tube package of modern 
styling attempted, with a large measure of success, to function 
as a high -fidelity AM and FM broadcast receiver, as an all - 
band general- coverage set tuning from broadcast to above 
108 mc., and also as a bandspread ham receiver with crystal 
filter, noise limiter, and b.f.o. included for good measure. 
Despite the necessary compromises in such an encompassing 
design, the set performed quite well. 

Several other receiver designs appeared, invariably using 
the standard 455 -kc. i.f. with crystal filter (Fig. :5), and 
one or more tuned r.f. stages. Signal -to -noise ratios improved 
with newer high -gain r.f. tubes, so that high -frequency per- 
formance got better. The finer designs lavished attention on 
reduction of drift in the h.f. tunable local oscillator. Image 
response continued to be a problem, and was particularly 
bad at 30 Inc. 

By the late 1940's, some representative receivers on the 
market were Hammarhmd's "SP- 400," and "HQ -129" and 
National's "HRO -7," "NC -173," and "NC- 183." Hallicrafters' 

National (A1 NC-173, (B) NC-270, (C/ NC-303. 
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compact "S -53" hinted at things under development, with 
the unusually high i.f. frequency of 2.075 mc. 

Dual Conversion 
The image problem was never completely resolved in 

single- conversion receivers, even with two tuned r.f. stages. 
Because of the wide tuning range of most communications 
receivers (usually from 550 kc. to 30 mc.) and the fact that 
the i.f. frequency should not appear in the receiver r.f. tuning 
range, an i.f. near 455 kc. had become standard. Images then 
appeared at frequencies twice the i.f. removed from a de- 
sired signal, or only 910 kc. away. This was very close to a 
carrier at 30 mc. The net result was double -spot tuning, so 
familiar on the ten -meter band. The 455 -kc. i.f. was satis- 
factory in terms of image response up to about 10 mc., but 
higher i.f. frequencies were called for at 14, 28, or 56 mc. 
The i.f. frequencies of 1.5 to 5 mc. would be suitable for 
good image rejection at these r.f. ranges, but again percentage 
bandwidth interferes in the form of poor i.f. skirt selectivity. 

The solution to these conflicting problems is the dual - 
conversion i.f. strip, wherein both high- and low -frequency 
i.f. amplifiers are combined in cascade. The first high i.f. 
provides the desired image rejection, while the low i.f. gives 
the needed selectivity to define the passband. See Fig. 6. 

Hallicrafters (A) SX-42, (B) SX-100, (C) SX-101A. 
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Ilallicrafters used this design approach in its Model SX -7I, 
a receiver of about 1950 vintage. This set gave continuous 
coverage from 550 kc. to 56 mc. The low- frequency i.f. with 
variable crystal filter operated at 455 kc., but above 7 mc. 
an additional converter and 2.075 -mc. first i.f. were added 
to the string. The over -all i.f. selectivity was macle quite 
sharp and no attempt %vas made to provide for wide -band 
high -fidelity reception. Without the crystal filter, the i.f. 
bandwidth was 3.5 kc. at 6 -db clown, and 14 kc. at 60 -db 
down. With this narrow bandwidth, the signal -to -noise ratio 
was good and the set was quite sensitive. Provision was made 
for NBFM reception as well. Both high and low i.f. amplifiers 
and the second conversion oscillator were fixed- tuned, con- . 
sequently the h.f. first oscillator was tunable. With the un- 
proved selectivity, plus extended coverage to the six -meter 
band, first oscillator stability was a very important factor. 

Double conversion appeared in Ilallicraflers' deluxe rug - 
gedized Model "SX -73" receiver. National used double -con- 
version techniques in the "NC- 183D," and up -dated the 
"HI1O -50" to double conversion with the "HBO -60." 

With the combination of high and low i.f. frequencies doing 
a good job of solving the image problem over tuning ranges 
extending to six meters, the choice of the second i.f. fre- 
quency, which had remained near 455 ke. for so long, was 
re- evaluated. Again the percentage -bandwidth factor -lower 
i.f. frequencies could be used for narrowing the over -all 
passband in the dual -conversion system. The increasing popu- 
larity of single -sideband signals on the air dici much to 
spur development of increased i.f. passband control. 

Hallicrafters introduced the "SX-88," ahich featured dou- 
ble conversion on all bands from 535 kc. to 33 mc. This 
receiver had two r.f. stages, tunable first oscillator, and selec- 
table high i.f. channels of either 1.550 or 2.075 mc. The 
second conversion used crystal- controlled oscillators with a 
choice of either 1.500 or 2.125 me. as beating signals. This 
permitted selection of either the upper or lower sideband 
output from the second mixer to be passed through a follow- 
ing 50 -kc. i.f. strip. The 50-kc. i.f. featured eight tuned 
circuits in the three stages, with six -step variable selectivity 
without crystal filtering, the bandwidths ranging from 10 kc. 
to only 250 cycles on the "nose." An interesting aspect in- 
dicative of the selectable single -sideband approach was evi- 
dent in the fact that bandwidth narrowing was not symmetri- 
cal. Instead, the carrier was located at one edge of the i.f. 
passband, with bandpass narrowing from one side as selectiv- 
ity increased. See Fig. 7. 

Previously, most i.f. strips had been designed to pass both 

Hammarlund (A) HQ-110A, (B) HQ-180, (C) SP-600. 
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Fig. 5. Typical crystal i.f. filter and passband notching 
action of the phasing control. Another control is provided 
in the circuit in order to vary the bandwidth of the amplifier. 

carrier sidebands through a symmetrical passband, with car- 
rier centrally located. Bandwidth control was by means of 
variable mutual inductance coupling, which served to sym- 
metrically reduce the passband. In the "SX -88," the passband 
variation was obtained with more complex interstage cou- 
pling, by means of capacity and resistance rather than in- 
ductive coupling. In addition to the selectable sideband 
feature, the increased use of single -sideband on the air was 
recognized in the isolation of second detector, a.v.c. and 
b.f.o., variable b.f.o. injection level, and attention to the 
stabilization of the tunable first oscillator. 

Specialized -Use Receivers 
The development of special- purpose receivers continued 

as National introduced the "NC -300" intended for ham -band 
operation only. This was a ten -tube double- conversion design 
of about 1955. Besides coverage of ham bands to ten meters 
directly, an additional 30- to 35 -me. tuning range was in- 
cluded to act as a tunable i.f., giving triple conversion on the 
6 -, 2-, and 11i-meter hands in conjunction with accessory 
converters. Thus the problem of stability on six meters and 

Collins (A) 75A -1, (B) 75A -3, (C) 75S -3. 
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Fig. 7. Comparison between symmetrical and one -sided narrowing. 

above was attacked by means of crystal -controlled converters 
and, effectively, a tunable i.f. amplifier. 

This receiver included other features worthy of mention. 
The type 6BZ6 high -gain pentode, characterized by low 
cross -modulation or crosstalk, was used for the r.f. amplifier. 
A 6BA7 and 6AH6 tunable h.f. oscillator handled the first 
conversion. The high i.f. frequency was 2.215 mc. and here 
appeared a crystal filter with variable selectivity and rejection 
notch. The second i.f. was at 80 kc., with variable bandwidth. 
A choice of diode or a 6BE6 heterodyne product detector was 
provided, while the selection of upper or lower sideband 
was governed by b.f.o. frequency. 

National then produced the "NC -303" receiver, a revamped 
and up -dated version of the "NC- 300." The crystal filter was 

NOTCH FIIEta[NCr 

Fig. 8. Typical T -notch ii. filter and passband notching 
action. The variable resistor determines the depth of the 
notch while tuning the coil shifts the position of the notch. 

removed from the 2.215 -mc. i.f. and a "Q "- multiplier added 
at 80 kc. Second conversion was now crystal- controlled. Both 
diode and product detectors were continued, with noise lim- 
iters for each. 

Hallicrafters continued the development of the selectable 
sideband receiver with the "SX -96" and then the "SX- 100." 
These sets continued the use of dual -conversion on all bands. 
A 6CB6 r.f. stage, 6AU6 mixer, and 6C4 tunable first oscil- 
lator comprised the front end. The first i.f. was 1650 kc., fol- 
lowed by crystal- controlled second conversion oscillators at 
either 1600 or 1700 kc. The second i.f. was 50 kc., with five 
selectivity ranges from 5.0 to 0.5 kc. A bridged -T notch 
filter (Fig. 8) included in the "SX -100" permitted adjust- 
ment of notch depth and frequency to help remove an ob- 
jectionable signal from the passband. A series diode noise 
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limiter was useful on both phone and c.w. signals. The a.v.c. 
and b.f.o. could be switched in or out individually. 

Thus, it is evident in the receiver designs of the 1955 
period to the present time that single -sideband reception had 
influenced design principles. Selectivity and stability con- 
tinued as the goals of much design effort. Heterodyne product 
detectors for c.w. and SSB had been paired up with the 
more conventional diode AM detector. Bandpass shaping 
methods had become more sophisticated. The b.f.o. and its 
injection level had been given attention and a.v.c. time con- 
stants had been modified for SSB. The sideband selection 
feature was suited to AM as well as SSB reception. Double - 
conversion techniques had improved image rejection to a 
very marked degree. For example, the "SX -71" had an image 
rejection ratio of 40 db at 30 mc., with one r.f. stage, com- 
pared to only 26 db for an earlier single- conversion receiver 
with two tuned r.f. stages. The "SX -88," in turn, had an 
image rejection of 60 to 120 db over its tuning range. 

Some other receivers of this period, deserving of mention, 
include the ruggedly built chiai- conversion Hammarlund 
"Pro -310" with bandswitching coil turret, reminiscent of a 
deluxe TV tuner turret; the quality "CPR -90" receiver of 
Technical Material Corporation; and the RITE "4350" with 
its very good noise figure of under 6 db. 

The "SX -101" which appeared in late 1956 was another 
Ilallicrafters design, adapting much of the "SX -100" circuitry 
to a ham -band -only type receiver. With sensitivity and selec- 
tivity rather well accounted for in previous sets, this receiver 
is notable for its emphasis on the third important design 
criterion: stability. Mechanical ruggedness was apparent in 

the heavy chassis and solid assembly. Electrical stability was 
evident in the attention given to the first conversion oscillator. 
which included ceramic trimmers and coil forms. Crystal 
control was continued in the second oscillator. Voltage regu- 
lation was provided for all oscillators, plus extensive tem- 
perature- compensation methods. The use of a small eight -watt 
heater, connected directly to the power line to run continu- 
ously, contributed to stability by preventing buildup of 
humidity within the chassis confines. The newer "SX -101A" 
version even keeps heater voltage on the first h.f. oscillator 
tube by means of an independent filament transformer wired 
directly to the a.c. line. 

Other receivers were indicative of the design efforts being 
directed toward increased stability. Heath produced the 
"Mohawk." a 15 -tube double- conversion ham -band -only re- 
ceiver in kit form. Hammarlund turned out the "HQ- 160," 
which had a tuned r.f. stage, separate mixer and h.f. oscil- 
lator, and a 3.035 -mc. first i.f. amplifier. This was followed 
by a crystal- controlled converter to generate the 455 -kc. 
second i.f. Selectivity was controlled by a shunt -type "Q "- 

multiplier and a T -notch filter, replacing the crystal filter 
that Hammarlund had previously developed to a high state 
of perfection. 

The desire for increased selectivity had resulted in new 
methods of bandpass narrowing. With this reduced i.f. band- 
width, however, the need for stability in the conversion 
oscillators had become greater than ever. Stability in the 
second conversion oscillator was relatively easy to obtain, 
because the frequency was comparatively low and usually 

(Continued on page 69) 

Fig. 9. Block diagram of typical present -day double- conver- 
sion communications receiver with tunable i.f, amplifier. 
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By JOHN R. COLLINS 

IN THESE times of universal concern over nuclear radia- 
tion, probably everyone knows that certain elements 
spontaneously give off gamma rays that can be detected 

with a geiger counter or similar instrument. Less widely 
known is the fact that gamma radiation is emitted from each 
different source at a characteristic energy level. Thus, gamma 
rays from cobalt 60 and cesium 137 have energy peaks of 
1.33 and 0.661 mev (million electron volts), respectively. 

It is also taie that elements not ordinarily radioactive will 
emit characteristic gamma radiation when they are subjected 
to an intense x -ray beam. By measuring the energy of the 
gamma rays thus produced, it is possible to identify the ele- 
ments making up a test sample. This provides a fast and ac- 
curate method of performing a chemical analysis. 

\Vhile a simple geiger counter will detect the presence of 
radioactivity, it cannot discriminate between rays of different 
energy levels. It reflects the sum of all radioactivity present, 
including radiation due to cosmic rays and the scattering of 
gamma rays by surrounding objects. By itself, therefore, it 
is worthless for determining the nature of the radiation source. 

The many peaceful uses of atomic energy developed in 

recent years emphasize the need for more sophisticated in- 
strumentation, capable of distinguishing between radiation 
of different energy levels. Radioactive tracers, for example, 

re now widely used in medicine, agriculture, and industry, 
for such diverse tasks as locating brain tumors and diseased 
tissue, for determining the best methods of feeding crops, 
and for finding the causes and marking the progress of wear 
on piston rings and valves in an internal combustion engine. 

By measuring their individual energy levels, it is possible 
to use several tracers in a single experiment. This permits 
the use of greatly advanced techniques since, for example, 
the wear on piston rings and valves can thus be measured 
separately in a single engine. Furthermore, the ability to dis- 

tinguish between primary and background radiation provides 
exact, quantitative information not otherwise available. 

Instruments capable of separately measuring gamma rays 
of different energy levels are called pulse -height analyzers. 
A typical model is shown in Fig. 1 and in block diagram in 
Fig. 2. It consists essentially of a radiation detector (usually 
not an integral part of the PHA, but necessary to its opera- 
tion), a linear amplifier, a base level discriminator, an upper 
level discriminator, and an anti -coincidence circuit. The PHA 
output is to a scaler or ratemeter -also essential to the opera- 
tion but usually not part of the instrument. 

The detector is usually a photomultiplier tube which is 
optically coupled to a thallium -activated, sodium iodide, 
scintillation crystal. When gamma rays strike this crystal, 
their energy is completely absorbed in the crystal and is 

converted into photons, or flashes of light. The magnitude 
of these flashes is, of course, in direct proportion to the energy 
of the gamma ray. The photomultiplier tube converts the light 
energy into voltage and amplifies it, producing output pulses 
which are also proportional to the impinging gamma radia- 
tion. 

Fig. 2 shows three gamma rays with energies of 200, 250, 
and 300 key (thousand electron volts) striking the crystal. 
The resulting scintillations are converted into minute voltages 
which are amplified by the preamplifier to pulses of 0.04, 
0.05, and 0.06 volt, respectively. They are then multiplied 
by a factor of 1000 by the linear amplifier, emerging as pulses 
of 40, 50, and 60 volts. 

The pulses are next applied to a base level discriminator 
and an upper discriminator. The former rejects all pulses 
below a pre -set level and passes all pulses above that level. 
The upper discriminator is referenced to the base level dis- 
criminator setting and may be adjusted to a level from 0 to 
10 volts above the setting of the base level discriminator. 
Pulses which pass through the "window" between the setting 
of the lower and upper discriminators are recorded by the 
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scaler or ratemeter. However, pulses which exceed the setting 
of the upper discriminator are canceled by the anti-coinci- 
dence circuit and are not recorded. 

The method is illustrated by Fig. 2. Here the base level 
is set at 45 volts and the upper level at 55 volts. The 40 -volt 
pulse is eliminated by the base level discriminator, since it is 

not large enough to pass. Both the 50- and 60 -volt pulses 
trigger the base level discriminator, producing output pulses. 
However, since the 60 -volt pulse exceeds the setting of the 
window, it triggers the upper discriminator and the output 
pulse cancels the corresponding pulse from the base level 
discriminator. Hence, only the 50 -volt pulse, initiated by the 
250 key gamma radiation, is recorded by the ratemeter. Either 
of the other gamma rays might have been selected and 
counted by proper adjustment of the base level discriminator 
and the window width. 

The Amplifier 
The amplifier is designed to accept input pulses up to 2 

volts from the preamplifier and to provide output pulses of 
up to 100 volts that are linearly related to the energy of the 
gamma radiation striking the photomultiplier tube. A delay 
line is sometimes used in the input circuit to produce narrow, 
flat -topped pulses, which are best for the operation of the 
discriminators. Feedback circuits are employed for stability 
and to insure linearity over the necessary range. 

Since large, positive pulses are applied to the amplifier 
tubes, there is danger that grid current will flow. This prob- 
lem is handled by connecting the tubes as cathode followers 
in the critical stages. In this way, when the grid is driven 
positive, the cathode moves the amount necessary to prevent 
grid current from being drawn. Also, direct coupling is used 
in one stage so that, when the grid is driven positive and 
draws current, it will recover instantly when the pulse falls. 

Except for these precautions, the amplifier design is con- 
ventional. These special features permit the amplifier to 
withstand heavy overloads with negligible effect. 

The Discriminators 

The major elements of a base line discriminator are shown 
in Fig. 3. The circuit is a modified Schmitt trigger, a type of 
nndtivibrator which produces a flat -topped pulse output for 
the period during which the input exceeds a selected value. 
A twin triode, such as the 6BQ7, is generally used. The two 
cathodes are connected together and are operated at about 
100 volts above ground. The grid of V2 is about 10 volts nega- 
tive with respect to the cathode, being operated at approxi- 
mately 90 volts with respect to ground. The potential of the 
grid of V, is selected by the setting of the potentiometer, and 
may vary from 0 to 100 volts. The potentiometer setting de- 
termines the base level in selecting pulses, since pulses below 
the chosen level will have no effect on the circuit. 

in the quiescent state, both triodes draw current of a few 
milliamperes. When a pulse greater than the selected level 
appears at the grid of V,, however, that tube draws substantial 
plate current and its plate voltage drops sharply. Since the V. 
plate is coupled to the V: grid, the grid voltage of V: falls 
accordingly and it is driven to cut -off. The plate current of V_ 

therefore ceases and its plate voltage rises sharply, forming 
the leading edge of a pulse. This pulse continues for about 1 

microsecond, the period during which the grid of V. is posi- 
tive. At the end of this period, the grid of V_ returns to its 
initial state, plate current flows again, the plate voltage drops, 
and the output pulse is complete. 

The result of this operation is a sharp output pulse of about 
7 volts. The pulse height is determined solely by the differ- 
ence in the plate voltage of V: in the quiescent state and at 
cut -off, and is consequently independent of the size of the in- 
put to V.. It is only necessary that the input to V. exceed the 
selected base level for V_ to produce a 7 -volt output pulse. 

The output pulse is shaped through the use of diodes CR., 

December, 1962 

Fig. 
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1. PHA -type radiation analyzer, by Nuclear- Chicago Corp. 

aa 

. 
---- 

L__ 

Fig. 2. Model 1810 analyzer of Fig. 1 in block -diagram form. 

and CR,. CR. is a silicon junction diode which, in common 
with other diodes of this type, has a sharp reverse voltage 
characteristic. When connected in this manner, a silicon junc- 
tion diode will maintain a constant voltage despite a varying 
load, in much the same way as a gas -discharge, voltage -regu- 
lator tube. Acting as a clamp, it keeps the plate voltage con- 
stant despite minor fluctuations in plate current. When over- 
loaded by the suiciden current surge resulting from the input 
pulse, however, it breaks down sharply, unclamping the plate 
circuit. This trigger action sharpens the leading edge of the 
pulse. 

Diode CR2 speeds recovery to the quiescent state at the 
termination of the input pulse by permitting the charge left 
on the coupling capacitor, C, to be discharged through its 
forward resistance. 

The upper discriminator is almost identical to the lower. 
It is arranged so that its trigger level can be adjusted from 0 
to 10 volts above the setting of the base level discriminator. 
A change in the setting of the base level does not necessitate 
a change in the setting of the upper discriminator. It is refer- 
enced to the base level discriminator, and the window width 

Fig. 3. Both analyzer discriminators, responding only to in- 
put pulses above a fixed level, follow this basic circuit. 
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Fig. 4. Analyzer output (bottom row) consists only of pulses 
whose amplitudes fall in the range between both discriminators. 

will remain the same unless the setting of the upper discrim- 
inator is changed. 

The upper discriminator is triggered by pulses that exceed 
the setting of the base level discriminator by an amount equal 
to the window width. This situation is illustrated in Fig. 4. 
The lower discriminator is set to trigger on pulses whose am- 
plitude is greater than 48 volts. With a window width of 6 
volts, the upper discriminator will also operate when the am- 
plitude exceeds 54 volts. By using a larger resistor in the plate 
circuit of V. for the upper discriminator, an output pulse of 
9 volts is obtained from the latter. 

Anti- Coincidence Circuit 
Since the function of a pulse height analyzer is to count 

only those pulses of the proper height ( those passing through 
the window), an anti- coincidence circuit, shown in simplified 
form in Fig. 5, is provided to cancel out those pulses which 
trigger both the upper and lower discriminator. Referring 
again to Fig. 4, it will be seen that pulses 3 and 5 trigger both 
discriminators, and hence do not appear in the output to the 
ratemeter. 

To compensate for slight differences in time of arrival at 
the anti -coincidence tube, V., the output of the base level 
discriminator is narrowed while the pulse from the upper dis- 
criminator is stretched. To accomplish this, the 7 -volt pulse 
from the lower discriminator is passed through a differentiat- 
ing circuit made up of a capacitor C. and resistor R.. The out- 
put of such a circuit is normally a positive spike caused by 
the leading edge of the pulse, and a negative spike caused by 
its trailing edge. In this instance, crystal diode CR, is inserted 
in the circuit to attenuate the positive spike, so that only the 
negative spike remains. 

The negative spike is inverted by tube V., producing a nar- 
row pulse of about 2 volts. This pulse is applied to the grid 
of tube V.., one half of the dual triode used as the anti- coinci- 
dence tube. This tube is self -biased near cut -off, with both 
halves drawing approximately 2.5 milliamperes in the quies- 
cent state. If there is no input from the upper discriminator 
(and hence no signal on the grid of V.R), the pulse from the 
lower discriminator causes a negative pulse of about 8 volts 
to appear at the plate of V... This pulse is fed to a ratemeter 
or scaler and is registered as a count. 

Pulses from the upper discriminator are stretched by the 
resistor -capacitor network, R. and C., shown in the upper left 
of Fig. 5. Capacitor C. is charged through a high- back -resist- 
ance diode, CR. This charge decays with a 2- microsecond 
time constant through resistor R.. When this voltage is ap- 
plied to the grid of tube V.., a large plate current flows, caus- 
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ing a voltage drop of 5 to 7 volts across the cathode resistor 
which is common to both V., and V.... The effect is to raise the 
cathode potential 5 to 7 volts, so that V:.4 is cut off and no pulse 
appears at the V.. plate. 

In this manner, pulses large enough to trigger both the 
base level and the upper discriminator are cancelled out and 
are not counted by the ratemeter. A positive pulse may occur 
at the plate of V... as a result of the abrupt cut -off of normal 
plate current, but a diode limiter in the trigger generator clips 
this pulse so that it does not reach the ratemeter. 

Scalers are designed to record the total number of pulses, 
and normally have capacity to about 1,000,000 counts. Rate - 
meters provide information on the number of counts per min- 
ute, and are therefore useful in making rapid measurements 
of changes in radiation levels. Typical instruments have full - 
scale ranges of 0 -100, 300, 1000, 3000, 10,000, 30,000, 100,- 
000, 300,000, and 1,000,000 counts per minute. 

Other Considerations 
Manufacturers of pulse height analyzers can supply radio- 

active standards which may be used for calibrating the instru- 
ments. The controls are flexible, and a particular setting of 
the base level control can represent any desired energy level 
within the range of the instrument. Thus, a setting of 66.1 
volts may represent the 0.661 -mev energy peak of cesium 137. 
When the energy scale is properly calibrated in this way, it is 

readily possible to identify unknown sources from their en- 
ergy peaks. 

The discriminator circuits are unable to function within a 

few volts of zero, and will oscillate at very low levels, causing 

Fig. 5. The anti- coincidence circuit, which cancels analyzer 
output when both discriminators are triggered by large pulses. 

a false peak. Where very low energy levels are to be meas- 
ured, it is best to recalibrate the instrument using a higher 
amplifier gain factor. In this way, the scale can be expanded 
so that the required measurements do not fall near the zero 
level. 

The resolution time of a pulse height analyzer is the period 
required for the detector and its associated circuit to recover 
after a gamma particle has entered the system. If two particles 
enter the system within this period, only one pulse will be 
produced, since the detector system will be "paralyzed" by 
the pulse that entered first. The loss of counts due to this effect 
is called the "coincidence loss." 

In a good pulse height analyzer, the resolution time is about 
2 microseconds. Since pulses occur at random intervals, there 
is as much chance of pulses occurring during the dead time as 

in any other period of equal duration. It is not difficult, there- 
fore, to compute the coincidence loss when the resolution time 
and the counting rate are known. Coincidence loss will ob- 
viously be greatest at the highest counting rate. At 1,000,000 
counts per minute, for example, it amounts to slightly more 
than 3 per -cent. 
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The new Weathers "66" weighs 96 ounces 

...and every ounce is pure performance! 
The Weathers "66" is the finest achievement in uncompromising 

design and performance. The low mass of the Weathers "66" makes it 
the proper turntable for today's high compliance stereo cartridges and 
tonearms. In appearance alone, the "66" is radically different. It is 16" 
long, 14" deep, but only 2" high, including the integrated base. It is 
the closest approach to rotating a record on air. It achieves this ideal 
through unique engineering design and precision manufacturing. 

The Weathers "66" uses two precision hysteresis synchronous 
motors mounted on opposite sides of the deck. Virtually vibration -free, 
they directly drive two soft rubber lathe- turned wheels which in turn 
drive against the inside rim of the platter. This is the quietest, most 
accurate and dependable drive system yet designed. Its -60 db. rumble 
is the lowest of all turntables. 

Eliminates Feedback Problem- Because the new high compliance 
cartridges and tonearms track at extremely light pressures, they can 
pick up floor vibrations which are transmitted into the music as audible 
distortion. The "battleship" type of turntable more easily picks up 
room vibrations and transmits them with greater amplitude. When a 
high compliance pickup system is used with the heavier turntable. 
acoustic feedback is apt to occur. And there is no practical, effective 
way to acoustically isolate these heavier units. 

The Weathers "66" is suspended on 5 neoprene mounts which 
produce an isolation from floor vibrations of more than 500 to 1. Paul 
Weathers calls this system a "seismic platform" (implying that only 
a violent earthquake could cause any vibrations or feedback). 

On Pitch -The speed constancy of the Weathers "66" is so accurate 
that a special test record had to be made to measure its 0.04% wow 
and flutter content. It reaches 331/3 rpm immediately, and will be 
accurate within one revolution in 60 minutes. Most heavy turntables 
will usually deviate 4 or more revolutions in 60 minutes -a painfully 
obvious inaccuracy to anyone with perfect pitch. You hear only the 
music -no rumble, no wow, no flutter, no feedback, no noise of any kind. 

The "66" is a strikingly beautiful turntable that you can use anywhere, without installation. And you need not buy a base -it's an integral part of the turntable! Turntable -$75.00 net. With viscous - 
damped arm -$99.50 net. Turntable and Arm with new Weathers 
LDM Pick -up- $129.50 net. At your high fidelity dealer, or write: Desk Et 

WEATH ERS 
Division of TelePrompTer Corp. 
50 W. 44th St., N.Y. 36, N.Y. 
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add audio to :;unused 1 

tv channels on any 

matv system 
no extra distribution equipment 

0 
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NEW! BLONDER -TONGUE AUDIO MASTER 
It's so easy to add sound to unused TV Channels on any MATV system with 
the Blonder -Tongue Audio Master. Its head -end design and compact size 
allow the installer to mount it in the same housing with other head -end 
equipment - right where it belongs! Simply add a sound source (FM Tuner, 
AM Radio, Record Changer, Tape Deck or Microphone) and TV listeners 
can immediately enjoy a new entertainment channel. No extra distribution 
equipment ... No cables to install ... No cabinet to buy. 

EVERY MATV SYSTEM ... A HOT PROSPECT The five or more unused channels 
in any MATV system are easily turned into audio channels with a Blonder - 
Tongue Audio Master. Every MATV system is a hot prospect: Motels 

Hotels Apartment Buildings Schools. Audio Master can bring the 
enjoyment of background music, radio broadcasts and original programs to 
all of them ... quickly ... immediately ... and inexpensively. 

TOP PERFORMANCE ... BLONDER -TONGUE ENGINEERED The Audio Master 
reproduces high fidelity sound, too. It originates a TV Signal for any spe- 
cified VHF TV channel with a crystal -controlled video carrier and an FM 
sound carrier held precisely 4.5 Mc above the carrier. The video carrier out- 
put level is variable between 0.05V and 0.5V. The sound carrier output level 
is variable between 0 and 0.5V. For this reason it is ideal for interference_ 
free adjacent channel operation. 

The new Audio Master rounds out the 
Blonder- Tongue line. With Blonder - 
Tongue, you can bid on new installa- 
tions using products of only one man- 
ufacturer - matched and integrated - -- 
for best performance. Write for free 
30 -page Installation Manual. 

O 

npmeered and manufactured by 

BLONDER TONGUE 
9 Ailing SI., Newark.? N. J. 

Canadian Division: Benco Television Assoc.. Ltd., Toronto Export: Rocke Intl, N. Y. 16, N. Y. Cable: ARLAB 

Home TV Accessories UHF Converters Master TV Systems CATV Systems Closed Circuit TV Systems 
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The Acoustical Lens 
(Continued froid page :35) 

while the smaller has a serpentine lens. 
Like the perforated -plate lens, path - 

length refractors cati be designed to give 
almost any desired dispersion, but the 
ability to control horizontal and vertical 
distribution independently makes them 
even more versatile for professional use. 

Design Considerations 
Like optical lenses, acoustical lenses 

operate effectively only through a defi- 
nite band of frequencies. The size of the 
horn mouth can be correlated kith the 
characteristics of a particular lens to 
keep distribution uniform down to the 
curt -off frequency of the driver -horn com- 
bination. At the upper end of the spec- 
trum, the smooth distribution pattern 
afforded by the lens begins to show 
irregularities as the spacing between ob- 
stacles or plates approaches a half wave- 
length. 

This means that a lens designed for 
use up to 10 kc. should not have the 
plates separated more than a half -inch or 
so. Ilorn -lens combinations have been 
developed which maintain uniform dis- 
persion characteristics from 400 to more 
than 15.000 cps. This is an effective 
bandwidth of about five octaves, ob- 
viously no mean achievement. 

One might think that a substantial 
portion of the sound energy passing 
through a lens, especially an obstacle ar- 
ray, would be absorbed. As long as the 
lens is designed properly, and its ele- 
ments are rigid, this is not the case. In a 
well -designed lens, less than 17 of the 
energy passing through the device is lost. 
Of course, in (My type of dispersion ar- 
rangement, there is an apparent change 
in high -frequency intensity since all the 
energy which was formerly concentrated 
in a narrow beam is now spread through 
a much greater angle. 

If one wants to pursue the optical 
analogy far enough. focal lengths and 
even f numbers can be assigned to acous- 
tical lenses. The unit shown in part (B) 
of the photo, for example, is roughly 
equivalent to a 150 mm. f !0,5 optical 
lens. It will probably be some time be- 
fore a comparable unit is available to 
camera enthusiasts. 

FM STEREO STATIONS UP 

ACG)ItII \(; to Harold L. Kassens, 
head of the F(:(:'s :tumid Existing 

Facilities Branch, roughly. 25 per -cent of 
the FM st: s in the U.S. will be broad - 
casting in FM stereo by the end of this 
year. 

If the present rate of conversions to 
stereo continues, the FCC chief sain it is 

possible for the number of stations to go 
as high as 3011 by January 1 -50 more 
than the prc.enl est i mat. 

The FCC is lerlaking revisions in its 
FM broadcast rules to foster this growth 
of l',I .en ice. A 

ELECTRONICS WORLD 
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Get Your Choice of Valuable "Bonus Packages "* 
with Your Easy -Buy PHOTOFACT Library Purchase! 

own the world's finest TV -radio service data and get these free extras 
Now, more than ever, it pays to own a PHOTOFACT 
Library -the time- saving troubleshooting partner that 
helps you earn more daily! Now, you can start or com- 
plete your PHOTOFACT Library the special Easy -Buy 

FREE WITH YOUR PURCHASE 

OF 60 PHOTOFACT SETS 

way, and get absolutely FREE with your purchase, any 
one of the valuable dollar- saving "Bonus Packages" 
described below. Make your choice now -order from 
your Sams Distributor today! 

"Bonus Package" offers available only until April 25, 1963 

FREE WITH YOUR PURCHASE 

OF 180 PHOTOFACT SETS 

Order 60 PHOTOFACT Sets the Easy - 
Buy way and get the following FREE: 

1. All- steel, single- drawer file 
cabinet holding 60 Sets; worth 
$8.95 

2. Complete Color TV Servic- 
ing Course 

3. Complete 2nd Class Radio- 
telephone License Course 

4. Complete Transistor Radio 
Servicing Course 

5. Test Equipment Guide 
The correspondence -type courses 
alone are literally worth hundreds of 
dollars to you -they've helped thou- 
sands of technicians increase their 
earning capacity. 

Order 180 PHOTOFACT Sets the Easy - 
Buy way and get the following FREE: 

1. All- steel, top quality 4- drawer 
file cabinet holding 240 Sets; 
actual value $36.50 

2. Complete Color TV Servic- 
ing Course 

3. Complete 2nd Class Radio- 
telephone License Course 

4. Complete Transistor Radio 
Servicing Course 

5. Test Equipment Guide 
Here's a money -saving "bonus pack- 
age" offer you won't want to miss -it 
helps build your profit in every way. 

OWN YOUR PHOTOFACT LIBRARY THIS EASY -BUY WAY! 

A PHOTOFACT Library more than 

pays for itself from thÑfirst d y you 

put it into your shop. 
to you with FREE "Bonus Packages" 

of your choice this special Easy-Buy 

way: 
NO INTEREST 
NO CARRYING CHARGE 

ONLY $10 DOWN 

UP TO 30 MONTHS TO PAY 
for an Easy-Buy 

Call see your Dlurchase- anddge your FREE "Bonus 

PHOTOFACT Library P 

Package" choice! 

December, 1962 

FREE WITH YOUR PURCHASE 

OF 240 PHOTOFACT SETS 

%COI 

.04V41 w 
+^' { 

1t 2. 
t 

Order 240 PHOTOFACT Sets the Easy -Buy 
way and get the following FREE: 

1. All- steel, 4- drawer file cabinet 
holding 240 Sets; worth $36.50 

2. 8- Volume Set of "101 Ways" Test 
Instrument books, covering 
scopes, sweep generator, VOM- 
VTVM, signal generator, audio 
test equipment, etc. Worth $18.50 

3. Color TV Servicing Course 
4. 2nd Class Radiotelephone Course 
5. Transistor Radio Servicing Course 
6. Test Equipment Guide 

Get this great bonus package" today! 

HOWARD W. SAMS a CO., INC. 

Howard W. Sams & Co., Inc., Dept. 5 -M2 
4300 W. 62nd St., Indianapolis 6, Ind. 

Send full information on Easy -Buy Plan 

I am interested in the following Photofact "Bonus Package ": 
60 Sets 180 Sets 240 Sets 

My Distributor is: 

Shop Name 

Attn. 

Address 

LCity Zone State 
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ROTATORLESS ANTENNA 

CAN 13E AIMED 
By HAROLD HARRIS, V.P. Engineering, Channel Master Corp. 

A switch selects the elements for pickup or rejection 
in any direction, dispensing with mechanical rotation. 

MOST ANTENNA design seeks 
higher gain for the deep fringe. 

Yet other problems -interference .lid 
multipath reception, or ghosts -plague 
millions of TV and FM fans elsewhere. 
Two advances, color TV and FM stereo, 
make these traditional difficulties more 
serious than ever. Effects are far more 
destructive to enjoyment than in mono- 
chrome TV or single -channel FM. 

Heretofore, elaborate antenna- rotator 
combinations have met these problems. 
Now many viewers and listeners may 
find a simpler, economical solution in 
Channel Master's "Omni -Ray" design. A 

stacked version is shown in Fig. 2. 
It is a broadband, v.h.f., TV -FM de- 

sign whose reception pattern is the fa- 
miliar figure -8 of the half -wave dipole 
( Fig. 1, Diagram 1), which features a 

78° angle at the half -power points and a 

front -to -side ratio of 10:1. In the "Omni - 
Ray," however, the lobes can be turned 
either to pick up signal or to kill ghosts 
and interference without physical rota- 
tion. 

Its basic element is adapted from the 
classic bat -wing: a low -band dipole 
broadbanded by cat- whisker stubs ( Fig. 
1, Diag. 2) for high -band pickup. 

The simplest way to provide choice of 
directions is to cross a pair of dipoles 
(Fig. 1, Diag. 3) at right angles, then 
use either one dipole or the other. Solid 

lines show the north -south reception 
pattern of the east -west dipole; broken 
lines show the pattern of the north -south 
dipole. This gives peak coverage (or re- 
jection) in four directions, N, E, S, and 
\W, but not for signals arriving from in- 
termediate directions. 

In the "Omni -Ray," the principle of 
pattern addition provides eight positions 
(the top of Fig. 1), which permit maxi- 
mum selection (or rejection) in 16 direc- 
tions of the circle, each only 22.5° from 
the next. This is achieved with a 4 -con- 
ductor lead -in connecting to the antenna 
elements at one end ( Ding. 4) and ter- 
minating at the other in a switch at the 
control console. The latter permits the 
user to pick various combinations of ele- 
ments, then feeds signal from the chosen 
arrangement to the receiver. 

As to pattern or lobe addition, con- 
sider the case of the 45° angle between 
cardinal directions N and E (signal ar- 
riving from NE; Diag. 5). Elements N 
and W are joined by the switch, as are 
segments S and E. Both basic dipoles 
(N -S and \V -E) receive some signal, but 
each at an angle where sensitivity is 

70.7% of maximum gain (where solid - 
line lobe N and broken -line E cross). 
Since the two lobes are in -phase at this 
point, they add. Thus total NE gain is 
restored to about 1007, the effective 
pickup lobe being indicated by the 

Fig. 1. Pattern -switching details and other special features. 

co CO Co 

.é..,.. 

shaded area in Diag. 5. Addition occurs 
similarly in the S \V direction. 

Where the S and E lobes overlap, 
however, instead of addition, cancella- 
tion produces a null or signal rejection. 
We appear to be dealing with lobes that 
have polarity! This can be understood if 
we acknowledge that arriving signal sets 
up a potential in a half -wave dipole, with 
polarity at one end opposite to polarity 
at the other. 

Diag. 6A illustrates the saine situ- 
ation in another way to indicate this. 
Arriving signal from NE polarizes di- 
poles N -S and \\' -E as shown. These two 
dipoles are connected in -phase by the 
switch, so that half -elements N and W on 
one side of each dipole reinforce each 
other, as do half -elements S and E on the 
other sicle. However, arriving SE signal 
(Diag. 6B) reverses polarity of the N -S 
dipole only. With the sanie switch con- 
nection, dipoles N -S and \V -E are in op- 
posite signal phase. They cancel each 
other to produce an SE null. The saine 
occurs ill the N \V direction. The result- 
ant pattern is Diag. 7. 

This behavior in the 45° positions be- 
tween cardinal directions is obtained by 
feeding equal amounts of power from 
both dipoles to the receiver. By feeding 
unequally, the pattern can be made to 
fall at points between the cardinal direc- 
tions and the 45° positions. The user can 
do this with the switch on the "Target 

Fig. 2. "Omni-Ray" is aimed with a switch. 

Tuner" control console, located near his 
set. The 16 directions available are indi- 
cated in Diag. 8. 

To maintain the desired pattern in all 
positions, there must be no coupling be- 
tween the conductors in the transmission 
line from the dipoles to the phasing 
switch. The specially developed Duo - 
Twin 4- conductor line (Diag. 9) main- 
tains this condition, simplifying installa- 
tion. Using two separate lengths of 
standard lead -in is not likely to result in 
the desired performance. 

To solve their reception problems, the 
large number of non -fringe users have 
heretofore had to invest in equipment 
designed for the smaller number of out- 
lying viewers and listeners. This special 
design may provide an economical solu- 
tion for many harassed people in popu- 
lous cities and suburbs. 
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www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


Vi U w L c"-c' 
Ci ai 

-L C a) O ta >` 

d! E Ñ 
C= Ú '- 

U w' N ' / Q a =cú cc L Q ^ 
LL u) r C h J c16.) 

:E 

Q i o 
I- a) 

E û 
W Q :.-, 

Z s Ñ , 
O 4-, 

Z Z á C) f V O 17, 

C ß 

III 
U 

O Ç., 

I d Ú 
4.0 r`, 

a) L - N 

.C o 
C..i ii: la 

.= -O H C10 a) = 2 c ó a) t .1 L 
CC 

..- 
cQ 

C.1 4-. .o 

CL a) 7 Q fd Ú Q 
a) @ -= á,L, w aì ., = 70 

^^ 

CL 
co C ''CI -a 

() a] , c C O C.) a) u a a, aa C L O y-+ 
O 

N CZ u) Zr, 

CIA H O 
. 

December, 1962 

vi c., 
Z's ' r L H 

vé 
':= E 

-o 

tN 
J W á 
U H 
aw 
U) W 

CIRCLE NO. 159 ON READER SERVICE CARD 

r 

ñ 

O m 

r` 

] a Z 
o ó 
D 

I;t 
H > 

UI Y .0 
_U a 

S _ 
ai a 
7 m 

C tut > 
Q a 

1.1 

" S _ñ 

0 ó 
th N- 

i C 
O 
N ¿ 

ó 

..N. 

U , r 
-0 ' 

ò 

ó 

c 

`t 
00 ó 

2 a 
ç 

U_ 
Z _ ó 

>: ,ó 

Z c 
á 
o 
U " 
Cl) 
a 
J o 

E 
s 

Z ° 
c U e 

ce 

E 
Q à 
_ [ H > 
cc 
O i z 

6 w 

VI ; 
D ̀  

Dd 
qo 

u 
vu 

Q 

D ca 
Am 

D c 

T C 

u - 
co 
úV 

O 
u z 

vÓ ñZ 
E...- oo uN 

c ó0 LL.. 

65 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


FREE 

Fill in coupon for a FREE. One Year Sub- 
scription to OLSON ELECTRONICS Fan- 
tastic Bargain Packed Catalog - Unheard 
of LOW. LOW. DISCOUNT PRICES on 
Brand Name Speakers. Changers. Tubes. 
Tools. Lli -Fi's. Stereo Amps. Tuners and 
El -ands of other Electronic Bargains. 
Credit plan available. 

NAME 

ADDRESS.. -___ 

CITY__ - -- ZONE -- STATE ._ 

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

ription also. 

OLSON ELECTRONICS, INC. 

CIRCLE NO. 135 ON READER SERVICE PAGE 

Doorbell Monitor for the Deaf 
(Continued front page 49) 

sists of ten turns of #18 enameled wire 
loosely wound. The variable trimmer- 
type capacitors C, and C_ in the receiver 
are adjusted with the aid of a v.t.v.m. 
and with the thyratron tubes removed. 
The d.c. input of the meter is connected 
across C:: for "front -door" alignment and 
across CI for "back -door" alignment. The 
respective relays of the transmitter may 
be pulled -in manually and held with 
tape; the capacitors are each, in turn, 
adjusted for maximum reading. 

The receiver indicating lamps, Type 
1056, are actually small -sired candelabra 
screw -base units rated at 10 watts, 230 
volts and are used here for long -life per- 
formance. The 6S6 (6 -watt, 120 -volt) 
lamps may be used for greater brilliance 
if desired. The tubes of both units also 
have long life due to the absence of 
anode current dissipation in the quies- 
cent state. The set which was constructed 
has been operating almost continuously 
in the home of an associate of the author 
for four years with the only required 
maintenance being the replacement of 
two indicator lamps. The total cost of 
parts purchased at a local parts distribu- 
tor was approximately $35 or $40. Of 
course, if only one doorbell is to be moni- 
tored, the cost would be somewhat less. 

The doorbell monitor may be con- 

Superior's New Model 820 

TAI BE TESTER 
TESTS ALL MODERN TUBES 

INCLUDING THE NEW 

NOVARS 
NUVISTORS 
10 PINS 
12 PIN 

COMPACTRONS 
Employs new improved emission circuit. 
Tests over 850 tube types. 
Tests OZ4 and other gas filled tubes. 
Employs new 4" meter with sealed air -damping 
chamber resulting in accurate vibrationless readings. 
Use of 26 sockets permits testing all popular tube types. 
Dual Scale meter permits testing of low current tubes. 
7 and 9 pin straighteners mounted on panel. 
All sections of multi -element tubes tested simultaneously. 
Ultra- sensitive leakage test circuit will indicate 
leakage up to 5 megohms. 

Model $20 comes complete with tube charts and Instructions; $ 3 8 50 
housed in handsome, portable, Saddle-Stitched Tenon case. Only J ( 
SHIPPED ON APPROVAL 
NO MONEY WITH ORDER -NO C O. D. 

Try it for 15 days before you 
buy. If completely satisfied 
then send $5.00 and pay 
balance at rate of $5.00 per 
month until total price of 
138.50 (plus postage) Is paid 
- No Interest or Finance 
C!$ a Added! If not com- 
pletely Wished. return to 

no explanation nseemary. 

r \I,rN I'IttINlt'. IN). ne:1 -T. n -I, II 
'IM 10 t rilli \,'... Ni.w l ..rk 't I, N.Y. 
Please rush Model $10. If satisfactory, I will pay 
on terms specified. Otherwise I will return tester. 

Name 

Address 

City Zone_ -estate 
All prices net. P.O.B.. N.Y.C. 
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strutted with only a knowledge of solder- 
ing and wiring and can be a great con - 
venience and contribute peace of mind 
to one who is deaf or hard -of- hearing. 
The system requires no interconnecting 
wiring; the portable receiver may be 
operated in any room of the house or in 
that of a neighbor. The author is in- 
debted to fir. Harold Combs e'i o pro- 
vided the impetus for the development 
and who also supplied the operating -ex- 
perience information. 

Servicing Meter Movements 
(Continued from page 45) 

Increasing the shunt value will increase 
current through the movement, produc- 
ing a higher reading. If readings are 
too high, compensate by reducing the 
shunt or adding one if needed. 

A final note of caution is in order. The 
movement may be so delicate, once it 
is out of its case, that air movement will 
affect its action. Thus, if you are working 
with the meter at close quarters, normal 
breathing may interfere with the job. 
If you run into this, tying a clean hand- 
kerchief or other cloth over the nose 
and mouth should diffuse exhaled breath 
sufficiently to eliminate the problem. 
This may lead to a ribbing if someone 
should happen to see you, but it is an 
effective measure for dealing with the 
problem. 

RAD -TEL 
WILL SAVE YOU MONEY! 

RAD -TEL'S QUALITY 

BRAND NEW TUBES 
FOR TV, RADIO AND HI -FI 

1 -YEAR GUARANTEE 

uP/T75% 
1 -DAY SERVICE Over 500 Types in Stock 

FREE E 
SENO FOR NEW SEND FOR 
TUBE A PARTS TROUBLE SHOOTING 
CATALOG GUIDE 

SAMPLE OF RAD-TEL'S AVAILABILITY 
NOT AM AMI MITN ANY OTHER MAIL OIDEI TUTE COMPANY 

Qty. Type Price Oty. Type Price Qty. Type Price Oty. Type Price 

183 .79 _ 615 .41 _ 6816 55 - 124111 .61 

_1X2 .82 _6AU6 .52 _6C66 .55 _12E017 .17 

_3C86 .56 _$ÁX4 66 _SCG7 .61 _35W4 .42 

_4807 101 _6806 1.12 _6SN7 .65 -3525 .60 

_5U4 60 -6807 1.00 _6U8 13 _5005 .53 

RAD -TEL TUBE CO. 
TV, RADIO 

AND HI-FI 

oEf'r. Ew-12 55 CHAMBERS STREET, NEWARK 5, NEW JERSEY 

TERMS 25% deposit must accompany all orders. balance C.0.0. Orders under $5. 

add $I handling charge plus postage. Orders over $5: plus postage Approx. 8 tubes 

per 1 Ib. Sublet) to prior sale. No C.O.D.'S outside continental U.S.A. 
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To assure ADVANCEMENT or to 
turn your hobby into a new and 
PROFITABLE CAREER in the fast 

growing field of ELECTRONICS 

Qualify for Higher Pay 
You must be trained to qualify for higher earnings 
and advancement. Whichever branch of Elec- 
tronics you select, you'll find that NRI training 
is the time -proved way to get into this interesting 
and fast growing industry. 

Training Equipment Included 
When you learn Electronics through NRI you use 
scientifically developed "learn -by- practice" meth- 
ods. At no extra cost, NRI sends special equip - 
ment that gives actual experience, makes theory 
you learn come to life in an easy -to- grasp, inter- 
esting manner. You perform a wide variety of 
experiments working with basic circuits and corn - 
ponents. All equipment is yours to keep 

Oldest and Largest School 
For nearly half a century, NRI has featured Elec- 
tronics training, progressing from Radio and Tele- 
vision servicing and communications to Industrial 
and Military Electronics. As the oldest and largest 
home -study school of its kind, NRI can supply 
training at reasonable cost. Monthly payment 
plans. Take the first step toward a successful 
career now. Mail postage -free card. Get NRI 
CATALOG without cost or obligation. National 
Radio Institute, Washington 16, D.C. 

you should investigate 
the NRI Home -Study 
Courses in Industrial 
Electronics, Radio -TV 
Servicing, Radio -TV 
Communications 

s 

There is an 
immediate and growing need for trained Technicians in many branches of 
Electronics. In fact, four to seven trained Technicians are needed for 
every graduate engineer. Better than average jobs await you in the fast 
growing industry of the 1960's . . . offering high pay and prestige, 
interesting work and a bright future. Join the thousands of NRI graduates 
who have benefited from career opportunities in this Electronic Age. 
Mail the postage -free card today. 

Turn Page for Facts on NRI Courses 

Cut Out and Mail No Stamp Needed 
NATIONAL RADIO INSTITUTE 
Washington 16, D. C. EJ 

Please send me your Electronic, Radio -TV catalog with- 
out cost or obligation. I am interested in course checked 
below. (No salesman will call. PLEASE PRINT.) 

Industrial Electronics 

Radio -TV Servicing 

Math for Electronics 

Communications (Complete/ 

FCC License 

Mobile Communications 

Aircraft Communications 

Marine Communications 

Name Age 

Address 

City Zone Staue 

e Amazing 
Id of 

Electronics 

ll 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 
Approved for Veteran's under Korean GI Bill 
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PICK THE CAREER YOU WANT 

IN THE WONDERFUL FIELD OF ELECTRONICS 

TRAIN AT HOME WITH THE LEADER 

INDUSTRIAL ELECTRONICS TELEVISION -RADIO SERVICING 
(INCLUDES COLOR .- - NRI's 

TV) 
time- tested course in 

Servicing not only trains you to 

fix radios, TV sets, hi -fi, etc., 

but also shows you how to earn 
spare -time money starting soon 

after enrolling. Fast growth in 

number of sets, color -TV, stereo, 

means money- making oppor- 
tunities in your own spare -time 
or full -time business or working 

for someone else. Special train- 
ing equipment included. 

Prepare for a career as an Elec- 

tronic Technician in industry, 
business, government, the mili- 

tary, with this NRI course in 

Electronics- Principles, Prac- 

tices, Maintenance. Computers, 
telemetry, automation, missiles, 

rockets all employ the same 

basic principles ... and that is 

what this NRI course stresses 

with illustrated lessons, special 

training equipment. 

TV -RADIO COMMUNICATIONS FCC COMMERCIAL LICENSE 
In the NRI Communications 
course you get actual experience 

as NRI prepares you for your 
choice of Communications fields 

and an FCC License. Com- 
mercial methods and techniques 
of Radio and TV Broadcasting; 
teletype; facsimile; microwave; 
radar; mobile and marine radio; 
navigation devices; FM stereo 
multiplexing are some of the 

subjects covered. You work with 

special training equipment. 

«SEE OTHER SIDE t 
FIRST CLASS 

PERMIT 
NO. 20 -R 

(Sec. 34.9, P.L. &R.) 
Washington, D.C. 

BUSINESS REPLY MAIL 
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. 

For men with Radio -TV expe- 
rience who want to operate or 
service transmitting equipment 
used in broadcasting, aviation, 
marine, microwave, facsimile or 
mobile communications. A Serv- 
ice Technician is required by law 
to have an FCC License to work 
on C -Band, other transmitting 
equipment. From Simple Cir- 
cuits to Broadcast Operation, 
this new NRI course trains you 
quickly for your Government 
FCC examinations. 

ALSO Special courses in Mobile Communications; Aircraft 
Communications and Guidance; Marine Communications; 
Math for Electronics. 

Today, a career in Electronics offers unlimited oppor- 
tunity. Job counselors advise, "For an interesting 
career, get into Electronics." The National Associ- 
ation of Manufacturers says, "There is no more in- 
teresting and challenging occupation in American 
industry." 

When you train for a career in Electronics through 
NRI home -study methods your home becomes your 
classroom, and you the only student. You pick your 
own study hours, study when you want, as long as 
you want. No need to give up your job or go away to 
school. And there are no special requirements of pre- 
vious Electronics experience or education. Train 
with the leader. Your NRI training is backed by 
nearly 50 years of success. Mail the postage -free 
card. National Radio Institute, Washington 16, D.C. 

MAIL POSTAGE -FREE CARD NOW 
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Communications Receivers 
(Continued from fine' 56) 

fixed. Likewise, the b.f.o., operating at 
the second i.f. frequency and of narrow 
tuning range, could be stabilized by 
means of temperature compensation, 
voltage regulation, and mechanical rigid- 
ity. In both cases, where a very stable 
design was required, crystal- controlled 
oscillators could be called into service 
for these circuits. 

The problems of stabilizing the high - 
frequency oscillator, particularly when 
tunable over the extremely wide fre- 
quency range needed for multi -band 
coverage, were not so readily solved. 

Tunable I.F. Receivers 
Rather than attempt to stabilize the 

h.f. oscillator working into a fixed -fre- 
quency i.f. strip, another design ap- 
proach has become increasingly popular 
in some very recent receivers. Essen- 
tially, this is simply a happy marriage 
between a low -frequency superhet re- 
ceiver and a crystal- controlled front -end 
converter to extend the r.f. tuning 
ranges. The technique had previously 
been used to extend the coverage of 
the usual communications receiver to the 
six- or two -meter bands. The combina- 
tion might well be termed the "fixed 
h.f. oscillator, tunable i.f." receiver ( Fig. 
9). The present trend is to extend this 
technique down into the usual coverage 
range of conventional receivers. 

Probably the first advocates of this ap- 
proach were the designers at Collins, 
who produced the "75A" series receiv- 
ers. Unusual in concept at the time was 
the "75A1," which had a crystal -con- 
trolled first oscillator, followed by tun- 
able high -frequency i.f. amplifier and 
transmitter -type v.f.o. as tunable second 
oscillator. A second i.f. amplifier at 500 
kc. with crystal filter was used. This re- 
ceiver timed the ham bands only. 

Collins continued with the "75A2" 
and then introduced the mechanical i.f. 
filter in the "75A3." Next came the 
"75A4" in continuing revisions of the 
series. This version used a 6DC6 r.f. 
tube, 6BA7 mixer, and 12AT7 crystal - 
controlled first oscillator. The tunable i.f. 
ranged from 1.5 to 2.5 mc. as the v.f.o. 
tuned 2.955 to 1.955 mc. A mechanical 
i.f. filter appeared in the 455 -kc. strip 
which followed, as did a bridged -T "Q "- 
multiplier. The bridged -T notched the 
i.f. passband somewhat like the phasing 
adjustment of earlier crystal filters. The 
b.f.o. and main tuning were ganged to 
produce a unique passband tuning, 
which served to move the signal in the 
receiver passband without changing the 
b.f.o. note. 

A somewhat similar approach is used 
in the recent Drake "2A" and "2B" re- 
ceivers. hn these sets, crystal control is 
again used for the hi. oscillator, which 

December, 1962 

is bandswitched over twelve bands, but 
is not tunable. Instead, the high i.f. is 
varied over a 600 -ke. increment, from 
3.5 to 4.1 me. This i.f. is mixed against 
a v.f.o. -type second oscillator covering 
3.955 to 4.555 mc., to produce a fixed 
lower i.f. of 455 kc. Because the v.f.o. 
operates at fairly low frequency, and 
over a limited tuning range as well, sta- 
bility is more easily obtained. A third 
conversion produces a final i.f. frequency 
of 50 kc., which then passes through an 
amplifier with tunable bandpass filter. 
The main tuning dial drives a ganged 
capacitor to tune the v.f.o. and tunable 
i.f. The r.f. stage is independently 
peaked in grid and plate circuits by 
means of another ganged capacitor. This 
preselector covers 3.5 to 30 mc. by band - 
switching. 

Other Recent Designs 
Another recent receiver to use crystal - 

controlled h.f. oscillator design is the 
Hallicrafters "SX -115" which tunes the 
ham bands in nine 500 -ke. steps. This 
set uses broadband circuits in the r.f. 
and mixer stages, with ganged tunable 
i.f. and v.f.o. The first i.f. ranges from 
6.005 to 6.505 me. as the v.f.o. covers 5 
to 5.5 mc. The second i.f. is therefore 
1.005 mc., which is amplified and intro- 
duced to a third mixer. Here the selec- 
table sideband feature appears; the 
choice of crystal- controlled oscillator fre- 
quencies of 1.055 or 0.955 mc. is avail- 
able for this conversion. The third i.f. at 
50 kc. includes a selectivity control with 
five steps and a T -notch filter. 

This improved design approach has 
produced receivers with less than 500 
cycles drift after warmup. The tunable 
i.f. technique results in a constant tuning 
rate, irrespective of the signal frequen- 
cies being received. However, it will be 
noted that this stability has been 
achieved at the expense of limited timing 
range per band, because of the reduced 
tuning range of the tunable i.f. The usual 
result is a limited- coverage receiver - 
ham -bands -only in most designs. 

Complete coverage requires a large 
number of bands and a considerable 
outlay for first -oscillator crystals. Design 
is also further complicated by possible 
spurious problems. However, some high- 
ly stable general coverage receivers have 
been designed using this particular tech- 
nique. 

One such set is the Eddystone Model 
"880" which covers a range of 500 kc. to 
30.5 mc. in thirty bands, the tunable i.f. 
covering one megacycle for each band. 
The selling price of over $1500 limits 
the market for this receiver, but it is an 
example of an extremely stable design. 
Other designs intended largely for mil- 
itary use feature crystal -controlled syn- 
thesizers as local oscillators, sometimes 
phase -locked, giving precision and sta- 
bility for rigorous applications. 

I 

QUALIFY 

FOR YOUR 

FUTURE 
in the 

broad range of 
ELECTRONIC 

ENGINEERING 

TECHNOLOGY 

-..,.,. 

Embry Riddle 
A E R O N A U T I C A L I N S I T U T C 

I DIRECTOR OF ADMISSIONS 
Embry -Riddle Aeronautical Institute 
Aviation Building, Miami 52, Florida 

Mail this coupon now and learn how YOU 
I can acquire a College Level Associate of 

Science Degree in just 24 months!(Acceler - 

ated intruction -three 16 -week semesters 
per year -small classes assure personal- 
ized training.) Free 80 -page book explain 
all. No obligation. I 
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With a Heathkit Catalog you can relax and 
enjoy Christmas shopping -gift giving with- 
out ever leaving your living room! You'll 
find a Heathgift for everyone on your list, 
regardless of interest, from beginner to ex- 
perienced technician. And you give so much 
more with Heathgifts, for you save two 
ways -by buying direct from Heath and by 
buying in kit form. Savings that total 50% 
or more! 

Heathgifts are fun to give, fun to own, and 
they're fun to build . . . so much so that 
you'll be tempted to build them all before 
giving! Simple instructions enable you to 
complete any kit in your spare time -in a 
matter of hours -and they are unconditional- 
ly guaranteed to perform to factory specifi- 
cations. 

So give the best in electronic kits, give 
Heathgifts. Call or write our gift counselors 
if you need help or give a Heathgift certifi- 
cate. Begin making your Heathgift List to- 
day and place your own name at the top! 

Buy Now - 

Nv Money Dowd! 
Here's help for your Xmas Budget! Order your 
Heathgifts now, and any purchase of $25 to $600 
can be paid for later on Heath's liberal time -pay 
plan. No money down! Take as long as 18 

months to pay! You'll find complete details in 
the new Heathkit catalog. Make out your Heath - 
gift order and mail it today! 

1 

NEW 23" High Fidelity TV Kit -None Finer at Any Price! 
An outstanding TV value! Exclusive Heath - 
kit advanced -design features include latest 
TV circuitry to bring you both Hi -Fi picture 
and sound! Incorporates the finest set of 
parts & tubes ever designed into a TV receiver. 
Easy to build too! . . all critical circuits 
(tuner, I.F. strip & Hi- voltage sections) are 
supplied as factory -built, aligned and tested 
sub -assemblies, ready to install. The rest is 
easy with two precut, cabled wiring harnesses 
and circuit board. 70 lbs. 
Kit GR -22, no money dn., $16 mo.. 5169.95 
BEAUTIFUL MODERN CABINET: Styled to 
match Heathkit Al. -221) Iii -Fi Cabinets in 
rich, walnut solids and veneers. Complete 
with picture tube mask, chassis mounting 
board and extended -range 6' x 9' speaker for 
G R-22 TV set. Measures 36' W x 32j /s' H 
x 201/2' D. 
GRA -22 -1 , no money dn., $9m0......$59.95 
"CUSTOM" TV WALL MOUNT: For rich, 
attractive custom wall installations. Includes 
cut and drilled board for TV chassis. Un- 
finished white birch. Measures 197 H 
x30% W x 1% D. 13 lbs. 

GRA -22 -2, no money dn., $5 mo..... $25.95 

SAVE $10, order GR -52, 
TV chassis & cabinet only $249.95 

SAVE $6, order G R -62, 
TV chassis & wall mt only $189.95 

OPTIONAL U.H.F. TUNER: Add at any 
time! Tunes U.H.F. Ch. 14 -82. Mounts in- 
side TV chassis. Complete with knobs and 
adapter strip. Factory assembled and aligned, 
ready to install. 
GRA -22.3, no money dn., $5 mo......$27.95 

NEW Deluxe CB Transceiver 
4 -tone selective call circuitry; 5 crystal con- 
trolled transmit & receive channels; variable 
receiver tuning; built -in 3 -way power supply 
for 117 v. ac, 6 or 12 v dc; and more! Most 
complete CB unit ever designed!22Ibs. 
Kit GW -42, no money dn., $119.95 

NEW Advanced Transistor Stereo Amplifier 
Smooth power- superb dynamic range! 100 
watts IHFM Music Power rated, 70 watts 
Heath rating. 13 to 25,000 cps response C 
rated output. 28- transistor, 10 diode circuit. 
28 lbs. 
Kit AA -21, no money down,$13 mo.$134.95 

70 ELECTRONICS WORLD 
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Pow, cud cute, 

HEATHKIT 

Hear It for Yourself! 
Send for this Heathkit organ demonstration 
record ... listen to the beautiful voices, rich 
mellow tone and astounding range of ex- 
pression offered in this sensational instru- 
ment. Send just 50c to cover cost of handling 
and postage on this 7' -333 rpm record. 
Ask for record GDA- 232-3. 

ANOTHER HEATHKIT FIRST! 

A Real 2- Manual Organ for Only $329.95 
The exclusive Heathkit version of the all -new 
Thomas Transistor Organ now, for the first 
time, offers you a real two -manual organ at 
the market -shattering low price of only 
$329.95 in easy -to -build kit form! Compares 
in features and performance with assembled 
units costing well over $700. Features two 
37 -note keyboards; IO true organ voices; 13- 
note pedal bass; variable vibrato; expression 
pedal; variable bass pedal volume: manual 
balance control; correctly positioned over- 
hanging keyboards; built -in 20 -watt peak 
amplifier and speaker system; beautifully 
factory assembled and finished walnut cab- 
inet. 
Kit GD -232 (less bench) ...no 

money dn., as low as $22 mo.... $329.95 

NEW FM /FM Stereo Tuner 
Stereo Indicator light; phase control for max. 
separation and lowest distortion; adjustable 
AFC for drift -free reception; bar -type tuning 
indicator; filtered outputs for stereo tape 
recording. Factory assembled tuning unit. 
16 lbs. 
Kit AJ -12 ... no money dn., 

$7 mo $69.95 

FREE 1963 
HEATHKIT 
CATALOG 
New edition - 
more than 100 
new kits since 
last issue - 
over 250 kits 
all. 

December, 1962 

NEW Heathkit SSB "Six Pack" 
A brand new SSB exciter and linear amplifier 
for six meter operation; 125 watts P.E.P.! 
Only 5289.90 for the pair ... less than the 
cost of most transverters. Loaded with extras 
for maximum efficiency and operating con- 
venience! 
Kit HX -30 Exciter $189.95 
HA -20 Linear $99.95 

M 9' 96 190 W I 
.. 

NEW 10- Transistor FM Car Radio 
88 to 108 me coverage; better than 1.25 
microvolt sensitivity: AFC for drift -free FM 
reception; tone control. Factory -assembled 
tuning unit; easy circuit board assemhly. 
7 lbs. 

Kit GR-41 ...no money dn.. $7 mo. $64.95 

NEW FM 

Portable Radio 
10- transistor, 2- diode circuit. 'ernier tuning: 
AFC for drift -free reception; tone control; 
4' x 6' speaker; built -in antenna; prebuilt 
tuning unit. Battery lasts to 500 hrs. 6 lbs. 
Kit GR -61 ... no money dn., 56 mo... $54.95 

World's Biggest 

VTVM Value! 
Measures AC volts (RMS), AC volts (peak - 
to- peak), DC volts, Resistance and DB. Has 
41/2' 200 ua meter, precision Irlo resistors 
and 11 megohm input. Slim, all -purpose test 
probe incl. 5 lbs. 
Kit 1M -11 Special Value Price, ....$24.95 

Benton 

Order 

1 
HEATH COMPANY 

Harbor 15, Michigan 

direct by mail or see your Heathkd dealer. 
l I Parcel Post D E S C.O.D. D Best Way 

. n......e,..rm...,....r...r .e., O..i..O....O.,. .,, , 

FREE 1963 HEATHKIT CATALOG PLEASE SEND 

Name 1," I e R 

t ' I a se, 
. _ 

Address 

Ship 

Mauna. 

City Zone State öa 

ITEM MODEL NO. PRICE 
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MV Ro 
ELECTRON TUBE 

FABULOUS LOW PRICES! 

LARGE SELECT STOCKS! 
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LSE NO FOR OUR FREE COMPLETE LIST OF TUBES 

& SPECIAL PURPOSE TUBES 

ALL TUBES SENT POST AGE PA1U. P1,.1., m a-.c 
fling for orders under SS. Send 25. a o.11 0 

C.O.D. orders! Send approximate postage on Gamut- 
n and foreign orders. 

MICRO ELECTRON TUBE CO. 

P.O. Bon 55 Park Station. Paterson 3, N. J. J 

Each and every tube is tested in our 
own laboratory foe mutual conduct- 
ance and rte test. 
We guarantee replacement 
one of any tube purchased year of 

unhich tails to function efficiently 
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ENGINEERING B.S. DEGREE 

SCIENCE IN 36 MOS. 

U.S. NEEDS 50,000 NEW ENGINEERS A YEARI 
t:.Ll\ . \t1 ItE:rlTl. It 11..S. DEGREE In Se enee or Engineer- 
ing 111 :tit nmplb.- ,e41'rouml prober 1111 optional. 

ta7. a gi ing 1UPIOma alto :.- Ilable. 
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1608 E. Washington Blvd., Fort Wayne 2, Indiana 

INDIANA TECHNICAL COLLEGE 
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Lasers and Their Uses 
(Continued front page 32) 

If a single 100,000 -megacycle -wide 
signal in the part of the spectrum where 
the sun radiates its greatest energy were 
filtered out, it xvould be found that each 
square centimeter of the sun was pro - 
clueing only about 10 -5 watt in this 
band. 

Even our coherent radio transmitters, 
of course, operating over a far narrower 
band, can transmit hundreds of thou- 
sands of watts of power, because of their 
coherence. And so can lasers. Within a 

given bandwidth, the laser can generate 
up to several million times the energy 
radiated by the sun. Further, this energy 
can be focused into a very small area 
where desired, to produce extremely 
high temperatures. Raytheon recently 
demonstrated a high -powered unit 
which could blast holes in sheets of 
stainless steel in milliseconds. G -E re- 
searchers burned holes in diamonds. 

Future WTíeapons 

The Armed Forces are working furi- 
ously on high -powered lasers which they 
hope will develop into military weapons. 
Greatest usefulness would come, of 
course, if a super- high -powered laser 
beam could transmit enough power to 

burn holes in attacking missiles. Al- 

though this idea seems to hang on the 
fringes of science fiction, many reputable 
scientists are hopeful that it can be done, 
and the Department of Defense is spend- 
ing millions of dollars on research pro- 
grams designed to develop such a sys- 

tem. 
Karl Kober, in charge of Martin Mari - 

rlta's laser weapons program, envisions 
a million -watt laser orbiting in a space- 
ship, drawing its power from an atomic 
power plant aboard. He estimates that 
the laser would be as big as an army 
searchlight, and would produce a mil- 
lion- degree- temperature beam. Since it 

would be above the atmosphere, there 
would be practically no attenuation of 
the beam between ship and target. 

Some scientists in the field doubt that 
such a weapon will ever be practical. A 
laser doesn't create power, they point 
out. It only transforms it, and rather in- 
efficiently at that. A unit Nvith a mega- 
watt output would need an input of 
many megawatts, and that kind of 
energy isn't easy to come by. There 
would also be fantastic heating prob- 
lems in a unit handling such power. 
The advantages of having such a 
weapon, though, are so overwhelming 
that military planners are pushing re- 
search ahead at full speed in spite of the 
lack of a guarantee that it will produce 
results. 

Power Without Wires 

The laser beam's power- transmitting 

ability may be useful in more peaceful 
ways, too. The old dream of wireless 
power transmission, for example, may 
come true at last. In transmitting energy 
-light or microwave -through a non -at- 
tenuating medium such as space, the 
only power loss is due to beam spread. 
With microwave transmission systems, 
the energy spreads so rapidly that a re- 
ceiver even a short distance away is able 
to collect only a small fraction of the 
total. 

Laser beams, on the other hand, are 
so sharply focused that the total energy 
could be easily concentrated in a spot 
five feet in diameter 100 miles away. A 

collector this size could absorb it all 

An American Optical Co. laser was used re- 
cently at New York's Columbia Presbyterian 
hospital to burn a small tumor from the 
retina of a patient's eye. The operation, 
done with the patient awake, took about 
1 millisecond and was completely painless. 
The doctor looks into the patient's eye 
through a special sighting system. When 
he is focused on the tumor, so is laser. 

with negligible transmission loss. If any 
part of the transmission path is through 
an absorbent medium -air for example - 
some power will be lost. But even so, it 

is entirely possible that enough power 
could be transmitted from the ground to 
run the electrical and life -support sys- 
tems of an orbiting spaceship. Such a 
system should work well from the moon. 

Nett. Surgical Tool 
The laser's heat -packed beam has al- 

ready been put to work in medicine. 
Doctors at New York's Columbia -Pres- 
byterian Medical Center have used a 
carefully controlled laser beam to burn 
tiny tumors from the back of a patient's 
eve. The unfocused rays pass through 
the eye's lens harmlessly. But where they 
converge at the rear of the eye, they cre- 
ate enough heat to destroy the tumor in- 
stantly. Surgeons say a similar beam may 
also be used to "spot weld" a detached 
retina to the back of the eye. This has 
been clone successfully on rabbits, but 
has not yet been tried on human patients. 

ELECTRONICS WORLD 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


The red beam may also sen-e as a super- 
fine scalpel for other types of surgery, 
also for cauterization. 

The Promise of Lasers 
The promise of lasers in countless 

fields is so great that companies by the 
scores have hurried into research and de- 
velopment in the last two years. The De- 
partment of Defense estimates that more 
than 400 firms in this country are now 
doing laser work, and more are entering 
the field. Although the first experimental 
unit went into operation little more than 
a few years ago, this tremendous amount 
of research is already producing results. 
A number of companies already have 
commercial units on the market. Stand- 
ard Kollsman, for example, markets its 
"PistoLaser," a 20 -pound hand -held unit, 
for $2925. Martin Marietta can furnish 
a portable ranging unit built into a suit- 
case. Sperry -Rand is taking orders for a 
gas laser with an exceptionally coherent 
beam. Westinghouse has on the market 
a high -powered unit for experimental 
welding, cutting, and so on. Raytheon, 
Hughes, and others sell units of many 
different kinds. 

Although progress to date is spectacu- 
lar, many workers in the field think that 
the most exciting discoveries in laser 
technology are yet to come. Dr. Schaw- 
low put it this way: "With the advent of 
the laser, man's control of light has 
reached an entirely new level. Indeed, 
one of the most exciting prospects for 
workers in the field is that this new order 
of control will open up uses for light that 
are as yet undreamed of." 

AIRBORNE TV SURVEY 

AN AIRBORNE television network of 
27 transmitters, of the type under 

consideration for educational TV, could 
serve the entire United Slates if certain 
c litions with respect to co- channel in- 
terference and aircraft altitude could be 
stet, according to findings made by en- 
gineers at the National Bureau of Stand- 
ards. 

These conclusions are contained in a 
report entitled "Airborne Television Cov- 
erage in the Presence of Co-Channel In- 
terference" (Technical Note No 13 -1) 
by M. T. Decker of the Boulder Labora- 
tories and available from the Office of 
Technical Services, U.S. Department of 
C e, Washington 25, D.C. for 
52.00 (PB- 161 -635). 

The report notes that coverage is con- 
tingent upon alti le of the aircraft fly- 
ing the transmitters and conditions of 
co- channel interference. Problems inves- 
tigated include expected coverage, equip- 
ment requirements for specified cover- 
age, interference from co- channel 
stations, and number of stay and 
chu Is required for a specified large 
area coverage. Graphs detail coverage in 
two forms: the first is the probability 
that at a given toe a specified pic- 
ture quality will be available for at least 
sonie minimum percentage of the time 
and second a summation of "effective 
area" of a station or network of' stations 
expressed in square kit ters. 

December, 1962 

British Ground Station 
(Continued from page 41) 

low temperatures and can carry large 
currents without dissipating any heat. A 
small solenoid wound with niobium -zir- 
conium alloy is capable of producing the 
intense magnetic field required by the 
traveling -wave maser. 

The maser at Goonhilly has a gain of 
25 db and a bandwidth of more than 25 
mc. The maser itself has the extremely 
low noise temperature of about 10" K, 
permitting the construction of a micro- 
wave receiver with an over -all noise tem- 
perature slightly less than 100 K. The 
maser has been designed to allow for a 
movement of y 45 about its vertical 
axis, to accommodate the changes in re- 
flector elevation angle. The maser 
handles not only the communications 
signals from the satellite but also the 
4080 -mc. beacon signals. 

The initial transmitting equipment in- 
cludes two high -power microwave trans- 
mitters. The first is a 10 -kw. unit at 1725 
mc. for Project "Relay," with the high - 
power stage using a multi -cavity klystron 
brought over from the United States. For 
Project "Telstar" there is a 5 -kw. trans- 
mitter equipped with a British high - 
power traveling -wave tube. The fre- 
quency- conversion stages converting sig- 
nals to and from an intermediate fre- 
quency of 70 mc. and the low -power 
driver stages are adapted from commer- 
cial microwave relay equipment. 

For patching into the main British 
television networks, two -way microwave 
relay links have been installed connect- 
ing Goonhilly with Plymouth and Bristol 
from where video signals can travel all 
over the United Kingdom and, if re- 
quired, to many other European coun- 
tries through the Eurovision television 
network. There are also multi -channel 
telephony and teletypewriter facilities to 
London and to the United States via the 
NASA switching center in London. 

In order to help assess the perform- 
ance of the experimental communica- 
tions satellite links there is a full range of 
measuring equipment as well as time and 
frequency standards. In order to check 
periodically the mechanical alignment of 
the antenna dish, the antenna is fitted 
with a boresight telescope for ranging 
on points of known bearing. Some 20 
miles away, apparatus capable of simu- 
lating the "Relay" and "Telstar" satellite 
equipment has been set up. 

All equipment has been made as flex- 
ible as possible to allow for expansion to 
meet future operational needs. 

Information on the new Goonhilly 
Radio Station and the photographic ma- 
terial accompanying this article have 
been made available to the author cour- 
tesy of Her Britannic Majesty's Postmas- 
ter- General. 

Now...build your 

own TOP DUALITY 

TV S 

Assemble America's First 
COMPLETE TV SET KIT 

Enjoy a new sense 
of accomplishment 

PERFORMANCE 
GUARANTEED 

You don't have to know Electronics 
to assemble Conar's "Custom 70." 
Anyone can build it with a screwdriv- 
er, pliers, and a soldering pencil or 
iron. A fascinating, practical project 
that rewards you with years of superb 
viewing from this professional, com- 
pact, attractive receiver. Conar's 

Custom 70" Kit includes everything 
you need - chassis, tubes, cabinet, 
parts, aluminized picture tube, com- 
plete instructions and picture dia- 
grams for easy assembly. Every part 
of highest quality . MONEY BACK 
GUARANTEE. 
Guaranteed by 
NRI with a rec- 
ord of nearly 50 
years of pioneer- 
ing in electron- 
ics. Use order 
form below. 

SEND $2.00 
for 

ASSEMBLY MANUAL 

Credited 
to your order 

OO M[s--L1R 
Division of 
National Radio Institute 

CONAR NB2CA 
3939 Wisconsin Avenue, Washington 16, D. C. 

Enclosed is $135.00. Ship complete TV Set Kit 
at once. I will pay shipping costa upon receipt. 
I understand the prices include 101';, U. S. tax. 

Enclosed is $2.00 for Assembly Manual. Send 
me facts about monthly payment plan and 
"Custom 70" booklet. 

Send me facts about monthly payment plan 
and "Custom 70" booklet. 

Name - 

Address 

City Zone State ttttt Ie, MIN I MIMI 
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A PREAMP TO INCREASE 
OSCILLOSCOPE SENSITIVITY 

By OTIS E. VAN HOUTEN 

Construction of a preamp that is suitable for general -purpose scopes, that has a 
voltage gain of 28 db and a response extending from 10 cps to 3 db down at 5 mc. 

How many times have you at- 
tempted to observe an elusive 
waveform only to discover that 

the deflection obtained on your scope 
left much to be desired? You adjust the 
intensity and focus controls, flip the at- 
tenuator switch and give the gain control 
another twist, but the only hint of a sig- 
nal is a small green wiggle. Strained 
eyes and a perpetual squint usually fol- 
low this experience. A possible solution 
would be another scope. However, after 
scanning the specs of other instruments, none can be found 
that will provide the necessary sensitivity and bandwidth at 
a price within the budget of the occasional user. 

Additional amplification for your present scope is the 
solution. A quick look at the trace with the gain control at 
maximum and the vertical input shorted will indicate if ad- 
ditional amplification is practicable. If the sweep is sharp 
with no sign of hum or noise, an additional 20 to 30 db of 
gain can be tolerated before they become excessive. 

The quality of amplification is dependent on the quality 
of your present scope. A preamplifier should have a band- 
width as wide, preferably wider by one or two octaves. than 
your present scope. Phase distortion, hum, and noise should 
be low and there should be an even number of phase re- 
versals. The preamp described here, while designed for a 
particular class of scope (response :3 db down at 2 mc.) can 
be modified so that it can also be used with higher quality 
scopes (response 3 db down at 4 or 5 inc.) . 

This preamp will provide more than one inch deflection on 
your present scope when viewing a signal as small as 5 mv. 
In addition, sync will be improved since a larger signal will 
be applied to the sync circuits. Also, if you use an isolation 
probe that introduces a 20 -db signal attenuation, the preamp 
will offset this loss. 

+3 
0 

O 

to 6 

d 9 

W 12 

15 

1810 
50 100 1008C. 50080. I MC. 

FREQUENCY- CPS 

Fig. 1. Response curves. Solid line, scope; dotted line, scope through preamp. Dia- 
grams have been superimposed at 100 cps to 100 kc. to show response more clearly. 

SMC 10MC. 

The Circuit 
The circuit shown in Fig. 4 provides sufficient gain so a 

Fig. 2. Author's preamp. The placement of parts is critical. 

small amount of negative feedback can be employed to in- 
crease the bandwidth and reduce phase distortion. V5, a shunt - 
compensated video amplifier, has had values selected for It 
and Li that will produce the desired bandwidth. Because 
over -all negative feedback is provided by using R:: as a com- 
bined cathode resistor for V. and V_,,, the over -all circuit 
bandwidth will be about twice Nvhat it would normally be 
at the -3 db points for V.. The values given for R and L. 
provide a high -frequency 3 -db -down point at 2.5 mc., so the 
over -all bandwidth extends to 5 mc. The 3 -db -clown point of 
V. can be extended to 5 mc. by reducing R_ to 1600 ohms 
and by reducing L, to 24 phy. and the over -all bandwidth 
will be extended to 10 mc. at a slight gain reduction. 

V_, provides additional amplification. \Vide banchvidth 
was achieved by using a low -value load resistor (R:) alone 
because the input capacity of V... is very low. L was not used 
in the author's model. However, it should be incorporated 
if R and L. are changed to increase bandwidth, to extend 
the upper -frequency limit. A small amount of positive feed- 
back is provided by R. to compensate for the loss of gain 
caused by not bypassing R. 

Va., a cathode- follower, provides a low -impedance output 
allowing the use of a long shielded lead, if necessary, be- 
tween the scope and preamp so the high- frequency response 
will not be affected. Adequate low -frequency response is 

assured by heavily bypassing (CO and bleeder stabilizing 
(combination of R. and R.;) the screen -grid voltage for V. 

and by using large -value grid resistors, R and R., for both 
V. and V_... R.., the grid resistor for V..., appears as a very 
large resistance due to the input -impedance magnification 
characteristic of a cathode- follower. 

Performance 
The voltage gain of the author's preamp is slightly greater 

than 25 (28 db) . The bandwidth extends from below 10 cps 
to 5 tnc. If a different amount of gain is desired, it can be 
achieved by changing the value of R,::. Larger values in- 
crease the gain and lower values reduce the gain. Lower 
values also increase dissipation of V_., and higher values will 
cause an increase in distortion and a reduction in bandwidth. 
The preamp will handle inputs up to 150 mv. r.m.s. with- 
out distortion with a plate supply of 180 volts. Higher or 
lower plate voltage will cause a corresponding change in 

signal -handling ability. Signals as small as 10 mv. r.m.s. will 
provide a full five -inch deflection and a 2 mv. signal will be 
clean enough for easy observation. Fig. 1 is not necessarily 
indicative of the response of the author's scope. It merely 
shows the change in response caused by the addition of the 
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preamp. The tests were made by de- 
termining the voltage required to cause 
a standard deflection at each selected 
frequency. Front -panel controls were 
not changed during the tests. 

Construction 
Since the author's preamp was to be 

installed inside a scope it was con- 
structed on a 23s" x 4" aluminum sheet 
as shown in Fig. 2. A 1" mounting lip 
was provided at the end adjacent to V.. 
Parts placement, as in any high- frequen- 
cy circuit, is quite critical. The layout 
shown in Fig. 2 should be followed 
closely, with all signal- carrying leads and 
components installed point -to -point 
above the chassis to prevent attenuation 
of the signal. Standard audio -equipment 
construction practices, such as tightly 
twisting filament leads, dressing them 
close to the chassis, and connecting the 
ground bus to the chassis at only the 
scope input to reduce hum and noise, 
should be followed. 

Filter and decoupling capacitors C., 
C., and C. may be a multiple unit in- 
stalled where convenient inside the 
scope cabinet. The negative terminal 

FROM 
PRE AMP 
OUTPUT 

To 
PREAMP 

INPUT 

SCOPE 
VERTICAL 

INPUT 

(SEE TEXT 

BRAID 

BREAK 
x 

PnEANP 

SI 

DIRECT 

TO STEP 
ATTENUATOR 

Fig. 3. S, and modification of scope input. 

RI4 RIS 

o " 

SCOPE 
VERT. 2 

i 

RIO 

C7 

T 
CB 

CR 

T 

Pi 

TO SCOPE VERTICAL AMPLIFIER 

STEP 
ATTENUATOR 

IN SCOPE 

L. J 

C9 

R,, R.-4.7 melohm, y m. res. 
Rs, R,. -3300 ohm. }= W. res. (ser text) 
R.. -I20 ohm. I/2 w. res. 
11,-10,000 ohm, 2 w. res. 
Rs- 20,000 ohm, 2 w. res. 
R -3000 ohm, y, m. res. 
Rs. R,., -330 ohm. ys m. res. 
R,-560 ohm, I/t w. res. 
R,o, R14-3300 ohm, 2 m. res. 
R, -I megohm, /t m. res. 
R,, -1000 ohm, 2 m. res. 
C, -Scope input capacitor 

+130V. TO 
+ c,o +250V. 

20MA. 

T 

Cs, C.-.02 t,f.. 600 o. capacitor 
Cs, C -.05 ,1., 600 v. capacitor 
Cs, Cs. Car -20.60.100 at., 250.250 -300 o. 

elec. capacitor (Mallory FP335 or equiv.) 
Cs -16 µt., ISO v. elec. capacitor 
C,-.1 id., 400 v. capacitor 
L -100 ;thy. choke (J. W. Miller 4632 or 

equiv., see text) 
1.r55 ;thy. choke (J. W. Miller 4629 or 

equiv., see text) S- D.p.d.t. toggle switch 
V,-6A U6 tube 
V., -12Á77 tube 

Fig. 4. Preamp schematic. Reducing values of Rs, is increases bandwidth, lowers gain. 

(metal can) should be insulated from the preamp chassis and 
connected to the common- ground bus on the preamp chassis. 
R. and R. should be installed on a terminal strip near the 
filter capacitors. 

Installation 
The preamp should be installed as close to the vertical in- 

put connections in the scope as possible; mount S. near the 
vertical -input connectors in the scope. The lead connecting 
S, to the input of the preamp (pin 1 of V.) should not 
be shielded unless oscillations develop. Oscillations cause 
large vertical deflection without an input signal. Locate C. in 
your scope, disconnect it where it connects to the step attenu- 
ator, and connect it to terminal lA of S. as shown in Fig. 3. 
Connect a jumper from contacts 1 to 2A on S. and connect the 
center lead of the shielded preamp output to terminal 2B. 
Next, run a lead from terminal 1B to the vertical input ground 
terminal. A wire, unshielded if possible, from terminal lA to 
the input on the preamp and another to the chassis of the 
preamp from terminal 1B on S. finishes the wiring of S.. 

The preamp chassis should be insulated from the scope 
chassis. The ground connection should be made only to the 
vertical -input ground terminal in the scope. 

Sourdes of Potter 
A great many scopes have a sufficient reserve of power to 

December, 1962 

provide the modest requirements of the preamp. The au- 
thor's scope, a Du Mont Model 241, has a very healthy 
power supply that provides regulated 180 volts with sufficient 
margin to power the preamp. If your scope cannot safely pro- 
vide the required power, possibly you can disable a portion of 
its circuitry (such as the little -used intensity modulation fea- 
ture) to get additional power. If there is room in the scope, 
a small silicon- rectifier power supply can be added. If power 
cannot be provided by any of the above methods, the preamp 
can be constructed in a small cabinet, with its own power 
supply, and used as an outboard unit. This method would 
have to be used if there is insufficient room inside your scope 
for mounting the preamp; several small metal cabinets are 
available that would be suitable. If you are going to use the 
preamp as an outboard accessory to your scope, a length of 
low -loss shielded cable should be used to make the connec- 
tion between contact IA on switch S. in the scope and the 
input of the preamp. 

You may experience motorboating due to the excellent 
low- frequency response and high gain of the preamp. This 
will be apparent by the sweep jumping up and clown when 
operating at maximum gain. Sufficient decoupling is provided 
by R.. C..., and R.. -C.. However, if motorboating persists, try 
taking power from a different point in the scope. If a point 
cannot be found which eliminates motorboating a voltage 
regulator (such as an 0A2) will have to be installed. 
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CIRCLE NO. 163 ON READER SERVICE PAGE 
76 

Genuine "No- Noise" 
Products 

BRAND NAME QUALITY MEANS 
MORE Effective 
PROTECTION 

No -Noise 
VOLUME CONTROL and 

CONTACT RESTORER 

Scientifically formulated to 
lean, lubricate, restore. pro- 

tect. NOT a carbon tet solution. 
Net to Servicemen 

$1°° $225 
bottle spray can 

No- Noise 
TUNER -TONIC 

with PERMA -FILM 
A non -tome. ,ntlammabie 
formula to clean, restore. lubri- 
Cate all tuners, Including wafer 
type. Use for TV. radio and FM. 
Just a little goes a long way! 

can 
$325 

Net to 
Servicemen 

N:°ill 

ELECTRONIC CHEMICAL 
new formula 

EC -44 
A must for all electrical contacts 
-cleans lubricates. conditions 
and a little does a lot! 

spra01. 

y Can 
E. 350 

FREE 5- PLASTIC Push Button Assembly 
Ith ALL Electronic Chemical products. 

Pin Poi Precision! Won't Cause Shorts! 

LECTRONIC CHEMICAL CORP. 
813 Communlpaw Avenue Jersey City 4, N. J. 

CIRCLE NO. 117 ON READER SERVICE PAGE 

FREE! FREE! 
RELAY 

New relay DPST 6 VDC Coil 15a 

Cont. with $10 purchase 

VARIACS VARIACS VARIACS 
115 VAC Input. 0.135 VAC Output 

1 Amp 5.50 6 Amp 12.50 1/ Amp. (spit .5.95 V r Amp 14.95 
2 Amp 7.50 20 Amp 39.95 
3 Amp 8.95 26 Amp 42.50 

Powerstat 
1r 'a Powerstat mounted in 4 "05 "x3" steel box 
W /2sw, knob 8. dial, fuse. pilot lite assy $6.95 
SILICON FULL WAVE BRIDGE RECTIFIERS 

150 V PIV 250 V PIV 
25A 17.50 25A 19.50 
45A 24.75 45A 27.50 
SO V PIV 30A 13.50 

SILICON CONTROLLED RECTIFIERS 
16a 400 PIV $4.35 

ESTERLINE ANGUS CHART RECORDERS 
Model -AW -0 to 1MA 
New $245.00 Used $175.00 

MARS POWER SUPPLY 
113V AC Input 12 -14V DC Output at 2 Amps in 
steel case- 12'08 "59" To close out 9 95 

CIRCUIT BREAKERS HEINAMANN 
1 Amp S Amp 10 Amp 120V AC- S1.09ea 
Curve IS, 5 in a carton 55.00 
SPECIAL! ORIGINAL CARTON 60 Amp-2 pole 
-Curve 1. W /NDWRE $4.26 ea. 

BLOWERS - REDMOND BLOWERS 
113 VAC 13 SO rpm extremely quiet 
N -imp Protected. 41/2" e 6" Black $9.25 

METERS 
5O 3" RD 

0.500 MMA ..53.95 0 -100 MMA DC . 4.93 
0.1 MADC 3.7S 0.1 MA -(ARB 
0.1 MV 3.75 SCALE) 425 

2" RD O -5 MA DC SQ .. 4.25 
0 -100 MMA. 0 -100 MA AC .. 3.7S 

(ARB SCALE) 3.75 0 -150 MA DC .. 3.9S 
O.1 MA DC 3.93 0 -200 MA DC ....4.25 
O -3 MA DC 3.75 0 -3 AMPS AC 
O -SO MA DC 3 93 IARB) 3.75 
0 -100 MA DC.... 3.96 0 -20 AMPS RF 3.30 
S Meter. 0 -130 V DC 

Nantmarlund . 3.95 WESTON 4.60 
O -LOA DC 3.95 0 -180 VAC 4 50 
0 -130 VAC 3.93 0.1 MA -4" SQ. 6.75 
We buy Surplus Inventories. All Shipments F.O.B. N.Y.C. 

ADVANCE ELECTRONICS 
79 Cortland, St., New York 7, N.Y. RE 2 -0270 

CIRCLE NO. 101 ON R 

TV Interference Problems 
(Continued from page 51) 

check confirmed that severe, cross -hatch 
interference was once more present, 
principally on channel 6. This looked 
like a real dilly, since just about every 
remedy known had had to be applied to 
arrive at a cure the first time around. 

Nevertheless, a portable TV set used 
as a probe could not pick up a trace of 
interference anywhere in the vicinity. 
\Ve decided to investigate the TV set it- 
self, to see whether something had hap- 
pened inside. The interfering pattern 
was intermittent in nature, coming on 
only for a few minutes at a time. Thus. 
after several repeat visits, we decided to 
bring the set into the shop despite the 
fact that TVI problems are best handled 
On the scene. Besides, we already sus- 
pected internal trouble. 

A bench check disclosed that the by- 
pass capacitor across the cathode bias 
resistor in the 4.5 -mc. i.f. stage (Fig..) 
was intermittently shorting. Every time 
it shorted, it would shift bias by shlnitil ig 

Out the resistor, and the stage would go 
into oscillation. After replacement of the 
capacitor, the cross -hatch pattern disap- 
peared. 

Similar problems, in which some cir- 
cuit or section of the TV receiver itself 
goes into regeneration or oscillation, 
have been encountered from time to 
time. This is not always due to an out- 
right defect. Sometimes a service tech- 
nician or the do -it- yourself customer 
himself has decided that the set would 
perform better if a tube in the huger or 
some other section were replaced with a 

similar but "hotter" tube type. In many 
instances, such a substitution works out 
well. However, it is always a good idea 
to check carefully whether impairment 
is not produced in some other respect. 

The examples described here do not 
exhaust all possibilities to which the TVI 
detective should be alerted. These pos- 
sibilities are not likely to be exhausted 
no matter how many more articles cov- 
ering unusual effects subsequently ap- 
pear. However, the more one becomes 
familiar with what can happen and why, 
the greater becomes the reduction in 

head- scratching time when these puz- 
zlers crop up. A 

Fig, 5. Receiver defects may cause TVI 
internally. When this capacitor shorted, 
its stage broke into heavy oscillation. 

4.5 
MC. 

4.5MC. INPUT 

SOUND 
I.F. 

INTERMITTENT 
SNORT 330A 

TO 
RATIO 
DET. 

6+ 
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Power Supply 
(Continued from page 47) 

and current ratings in the parts list. 
Older sets with twenty or more tubes 
used 200- or 300 -ma. transformers and 
chokes which will work well. The high - 
voltage winding should supply 750 volts, 
center -tapped, to produce a maximum 
no -load output of 400 volts. A five -volt 
winding for V,, and a 6.3 -volt winding 
are also necessary. On those transform- . ers with two 6.3 -volt windings, use the 
higher -current winding for V :. The other 
6.3 -volt winding can be used for the 
other tubes and connected to binding 
posts to supply filament voltage for other 
circuits. The choke used by the author 
was a Philco Part No. 32- 8479 -2 with 
ratings of 150 ma., 64 ohms, and 1.5 
henrys. These values are not critical, 
however. 

After the supply is turned on (close 
S. approximately 30 sec. after Si), turn 
R. to whichever extreme position pro- 
duces the highest output voltage. R.. 
should then be adjusted to produce the 
highest output voltage possible, 400 to 
420 volts if a 750 -volt transformer is 
used. With R. and Re set, V. is cut off 
and the full voltage of the supply will be 
delivered unregulated from J:: and Jo. 
(The grid of V,: is now negative with re- 
spect to its cathode and the plate of V.. 

and V.'s grids are positive causing V0 
to conduct heavily.) Adjust R. until the 
output voltage at J. and J. drops 20 or 
30 volts. R, may now be varied to pro- 
duce any desired output voltage. Within 
its rated current, the output voltage will 
remain stable within 1% with or without 
load. Below 50 volts the supply loses its 
ability to regulate well. R. makes avail- 
able 0 -150 volts, unregulated, at J, and 
Jo. S3, across J, and h, is normally closed; 
opening it puts a milliammeter in the 
circuit. S_ prevents high- voltage d.c. 
from being applied to the tubes before 
they warm up; PL lights when S_ is 
closed. V. is rated at 250 ma., but an- 
other 6AS7G (Tung -Sol) connected in 
parallel with it and a larger power trans- 
former will increase the current capa- 
bility of the supply. 

Voltage /current capability of power supply. 

Output Voltage Output Current (ma.) 

400 25 
350 80 
300 140 
250 250 
200 250 
150 250 
100 250 

90 250 
75 220 
65 200 
40 5 
30 3 

2 
10 1 

YOUR COPIES OF 

INPa MX 11 ELECTRONICS 
WODS.D 

ARE VALUABLE! 

KEEP THEM NEAT . . . CLEAN . . . 

READY FOR INSTANT REFERENCE! 

Now you can keep a year's copies of ELECTRONICS 
WORLD in a rich -looking leatherette file that makes it 
easy to locate any issue for ready reference. 
Specially designed for ELECTRONICS WORLD, this 
handy file -with its distinctive, washable Kivar cover 
and 16 -carat gold leaf lettering -not only looks good but 
keeps every issue neat, clean and orderly. 
So don't risk tearing and soiling your copies of ELEC- 
TRONICS WORLD -always a ready source of valuable 
information. Order several of these ELECTRONICS 
WORLD volume files today. They are $2.50 each, postpaid -3 for $7.00, or 6 for $13.00. Satisfaction guaranteed, or 
your money back. Order direct from: 

JESSE JONES BOX CORP. 
Dept. EW (Established 18431, Sox 5120, Philadelphia 41, Pa. 

December, 1962 

WIDE RANGE 
AUDIO OSCILLATOR 

The Model 655 is a wide range 
oscillator providing voltages throughout 
the frequency range of 20 to 20,000 
cycles. The signal is generated at its 
fundamental frequency by a capacity - 
resistance tuned bridge circuit which 
provides improved operating character- 
istics. No zero adjustments are required 
in the operation of this instrument. 

The full frequency range is covered 
in four logarithmic ranges providing a 
long effective scale length for maximum 
readability and accuracy. 

E lectricaI 
Instrument Co. 

124 McDonough St. Dayton, Ohio 
CIRCLE NO. 24 ON READER SERVICE PAGE 

Earn More Money 

Build a Better Future 

Advancement and increased earnings are waiting for you in 
the expaìtding communications field. The Motorola Training 
Institute's home study course in FM 2 -way radio servicing can 
enable you to take advantage of these profitable opportunities 
now. Learn all about servicing the new transistorized equipment 

learn advanced techniques for handling complex service problems easier and faster. 
In addition to this wealth of practical application knowledge, 

you will also be preparing yourself for your 2nd Class FCC Radio- 
telephone License. For full details, send coupon today. There is 
no obligation and no salesman will call. 

121MOTOROLA TRAINING INSTITUTE 
4545 West Augusta Boulevard Chicago 51, Illinois Dept. AEF248 

Please send me lull details on the Motorola Training Institute's 
planned home study program on FM 2- Way Radio Servicing. 
I now hold FCC License. 

Name____ 

Address 

City _Zone - State -. 
CIRCLE NO. 132 ON READER SERVICE PACE 77 
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FREE Catalog 
-s- OF THE WORLD'S FINEST 

ELECTRONIC GOV'T 
SURPLUS BARGAINS 

1?, 
DC SUPPLIES 

Operate from 115 volts 60 cycle 
and are complete with Trans- 
former. Rectifi- 
er. Capacitor. 
Switch. Line 
Cord. Pilot 
Light. Line 
Fuse. etc. Indi- 
cated ratings 
are for load 
conditions. 

Dual output 12/14 or 24/28 
VDC ar 6 amps. Size: 7 X 

6,'s x 13 "; Wt.: 17 lbs- 
STK ZPS- 12 /24VDC6A: 

KIT of Pars ..$20.00 
Wired complete .. 24.95 

Output 12/14 Volts DC o. 6 amps. Size: 51/2 X 

g: x 5 ": Wt.: 15 lbs. -STK _ PS- 12VDC6A: 
KIT of Parts..$14.00 Wired eemplet.. $18.95 

Output 24/28 Volts DC o, 4 amps. Size: x 

x 5 ": Wt.: 12 lbs. -STIl BPS- 24VDC4A: 
KIT of Parts..$13.00 Wired censplt..517.95 

Output 12/14 Volts DC o. 4 amps. Size: 5t._ x 
g:._ x 5 "; Wt.: 12 lbs. -STK ...:PS- 12VDC4A: 
KIT of Parts..510.00 Wired coasplet..514.95 

Output 24/28 Volts DC t" 1:2 amps. Size: 7 x 

6 x ": Wt.: 6 lbs. -STK CPS- 24VDC1.5A: 
KIT of Ports..5 8.00 Wired complete..510.95 

Output 12/14 Volts DC t" 2 amps. Size 7 x 6 x 5 "; 
Wt.: 7 lbs -STK r.PS- 12VDC2A: 
KIT of Parts..$ 7.00 Wired eemplele..$ 9.55 

PARABOLIC ANTENNA 
ANTENNA REFLECTOR - 
Four 14 i Foot diameter Alumi- 
num Parabolic Dishpan type 
with 21" antenna feed, and 

for 3" round mounting 
nt e ude. 1 -5/16" x 

Four mounting brackets with 
hardware. Painted gray. Net 
Wt.: 55 lbs. 25.55 Price ............$29.95 - with heater defrost 
attachment: $39.95 

Same as above -Six (6) Ft. Dia. $45.95 
(Not available with defrost attachment.) 

MICROWAVE 
REFLECTORS 

Añat.11 Ülwtcd fg 11 uration1 Mounted by framework of the reflector and 
shaped bracket. with ntces.ary 

hardware and guys: 
e Ft. Wide by $ Ft. Long -Net wt.: 

`225 
lbs.; Snug. Wt.: $7500 

:75 lbs. Price 
S Ft. W. by 12 Ft. L. Shpg. Wt.: 
MUD in 

Address Dept. EW Prices V.O.D.. Limo. O. 
25% Deposit ea C.O.D.'S Minimum Order $5.00 

SEND FOR CATALOGI 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

CIRCLE NO. 119 ON READER SERVICE PAGE 

e 315 is an e $clan con- 
verter for non -critical installa- 
tion with home or auto sets. 
Available in two ranges. 26 -54 
or 115 -170 MC. Tunes 12 MC in 
low range 30 MC in high range. 
Specify range. $14.95 
315A /T same as above but for use with 
small AC -DC table sets delivers audio. 

S14.95 
Order today or send for free catalog on full line 
of ters and receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

-Mon you need us! 
GET STARTED RIGHT by writing 
for FREE 8 page catalog dus- 
Crating over 30 business forms 
and systems designed specifi- 
cally for TV-Radio Service. 

` -J ON SALE AT YOUR PARTS JOBBER 

%, Detrick Ratification 4308 N. Milwaukee Chicago 41. III. 
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Radio & TV News 
Events in the Service Industry 

A PRELIMINARY report from Chi- 
cago touches highlights of the an- 

nual NATESA convention. The new 
president is Irving Toner of Buffalo, 
N.Y., who was eastern vice -president. 

Other officers include Larry Dorst, 
NIil vaukce, secy. gen.; H. O. Eales, Okla- 
homa City, treas.; A. Edward Stevens 
Miami, eastern v.p.; Paul Segars, St. 
Petersburg, eastern secy., Lyle Green, 
Oak Park ( Ill.), east central v.p.; Charles 
LaRoche, Grand Rapids, east central 
secy.; Earl Steffes, Kansas City, west 
central v.p.; Bill Childs, St. Joseph 
(Mo.), west central secy.; Pat Barr, Al- 

buquerque, western v.p.; and Les Quig- 
ley, Portland, western secy. Frank J. 

Nioch was retained as executive director 
for another two -year term by unanimous 
vote. He renounced $24,000 in salary 
accumulated during the term just corn - 
pleted. 

Other actions: The annual directors' 
conference in April has been discon- 
tinued. In its stead, four simultaneous 
divisional meetings will be held. 
NATESA finances were examined by the 
executive council acting as an auditing 
committee, with its approval report be- 
ing accepted by the entire body. There 
were reports on apprenticeship, licens- 
ing, station liaison, new affiliates, and 
other subjects. 

Convention business is reported to 
have moved at a brisk pace, with differ- 
ences resolved quickly and activities run- 
ning on or ahead of schedule. Time re- 
mained for considering new business. 

Missing Groups 
At least part of this smoothness is 

attributable to the absence of some asso- 
ciations no longer affiliated with 
NATESA. NATESA viewed the atmos- 
phere as "... democracy in action. No 
parliamentary gobbledygook. Disagree- 
ments? Yes, but sincere and honest ones, 
all settled through give and take. . . . 

Frictions were at an all -time low." Others 
took a less sanguine view, feeling that 
disputes, however vexing, belong inside 
the national body rather than outside it. 

Following the expulsion of ESDA of 
western Penna., there were expected 
resignations by ITTA (Indianapolis), 
ESA (Fort Wayne), the TV Bureau of 
Elkhart, and other Indiana groups. Also 
out is the state -wide TESA of Ohio. We 
have no run -down, however, on the 
status of individual affiliates in that state. 
TESA of Cincinnati, in a recently re- 
ceived copy of its monthly publication, 
continues to identify itself as "affiliated 
with NATESA." 

The documentation on hand concern- 

ing the ESDA matter and ensuing events, 
from all sides, is overwhelming in quan- 
tity. There is enough to fill more than 
one issue of this publication. The na- 
tional's viewpoint was published in a 

copy of " NATESA Scope." An issue of 
"Hoosier Test Probe" (IESA, Indiana) 
devotes several pages to the subject. 
ESDA of western Penna. has sent us a 

weighty collection of papers. We snuggest 

that readers interested in detailed scru- 
tiny of the matter address these sources 
directly for the information. 

In general, there is little disagreement 
as to what happened. Differences center 
on the matters of why and how. Dis- 
putants deal with such questions as: Was 
the ESDA ouster justified or should the 
affiliate have been retained? Was action 
against one of its members justified? Was 
the machinery used for effecting the 
ouster proper? Was it a democratic pro- 
cedure or was it engineered by a mi- 
nority? 

These are the issues on which inter- 
ested associations have taken their stand, 
one way or another. To this point, it ap- 
pears that most affiliates have rallied to 
the support of the national, endorsing its 
action and affirming continued member- 
ship. 

Business Notes 
A survey by the U. S. Census Bureau 

reports that annual receipts of the aver- 
age TV service shop come to something 
less than $13,000. Slightly less than 30 
per -cent of this gross goes into the aver- 
age pay check, which comes to $75.23 
a week, before taxes. Although total 
dollar volume had increased substantially 
over the amount reported in a survey 
taken a few years earlier, the number of 
service establishments had increased at 
an even greater rate. In other words, 
everybody gets a smaller cut of the pie. 
These figures simply confirm what we 
already know: consumer service in elec- 
tronics does not pay very well, by and 
large. 

Shop Size 
More statistics on the service business 

are mulled over by Bob Ebel, writing in 

"The Supreme Effort" (bi- monthly of 
TESA of Greater Kansas City). He notes 
that 16 full -time service shops closed 
down in his city during a recent six - 

month span. The thousands of customers 
these shops used to have must have their 
work done some place, he reasons. With 
a trend to closing of smaller shops, there- 
fore, remaining ones would have to ex- 
pand. 

This possibility brings the writer di- 
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rectly to the question of optimum shop 
size. Independent service has been han- 
dled on a personal basis, he reviews, with 
most shops being one- or two -man affairs, 
"able to compete with giant organiza- 
tions which are generally impersonal and 
less flexible." He also considers the fact 
that stores doing heavy volume in mer- 
chandising appliances have seldom 
found it profitable to run their own serv- 
ice departments. Many, in fact, prefer to 
contract their service to several smaller, 
independent shops. He concludes that 
there is an "efficiency barrier" resulting 
from a change in the method of opera- 
tion that becomes necessary once size 
gets to a point where more than a hand- 
ful of men are needed. 

Whatever the exact nature of this 
barrier, there is no doubt that the pattern 
has been that of the small shop. The his- 
tory of the service industry records many 
attempts to set up large organizations, 
but few long -term successes in this di- 
rection. Yet the average small shop can- 
not provide decent livings for the people 
who depend on it, considering its lim- 
ited volume -unless it takes on more 
people -which is not practical! 

What is the answer to this dilemma? 
If volume per shop cannot be increased 
efficiently -and it would take nothing less 
than an unexpected revolution in the 
present techniques of rendering service 
to do that -each shop must get more 
money for the same amount of work 
done. No matter what angle one starts 
out with in considering the industry's 
paramount problem, the conclusion 
keeps coming out the same: more money 
has to be charged for service. 

Publication Changes 
"PacTronics," official voice of RTA of 

northern California (Santa Clara, Santa 
Cruz, San Benito, and Monterey coun- 
ties), has abandoned its monthly, 
pamphlet -style format. It is now coming 
out as a weekly sheet. On the monthly 
basis, it often reached readers with news 
that was five or six weeks old. Editors, 
readers, and advertisers all felt that their 
needs were not being served on that 
schedule. The new format is not prettied 
up, but all concerned feel it will be more 
serviceable that way. 

"ETG News," organ of the Boston 
chapter of the Electronic Technicians 
Guild of Massachusetts, is merging with 
"State News" to become one expanded 
publication serving members of all Guild 
chapters. 

Miami "Tough Dog" Clinic 
Members of TESA -Miami are spend- 

ing week ends setting up a technical 
laboratory where service dealers will be 
able to bring in problem service cases 
for expert dissection and diagnosis. This 
combined facility will be available to 
members only. 
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Satellite Tracking System 
(Continued from page 53) 

of the signal between what was trans- 
mitted from the ground station and what 
was received back from the satellite, 
tracking station personnel can accurately 
determine the satellite's speed. 

To obtain the range or relative posi- 
tion of the space vehicle, the time inter- 
val principle is employed. In this pro- 
cedure, tracking site personnel measure 
the number of very -high- frequency 
pulses which have occurred between the 
time the signal is generated at the trans- 
mitter and received back at the receiver. 

Backing up the transmitting and re- 
ceiving equipment are punched -tape re- 
corders which present the data acquired 
in a format suitable for subsequent tele- 
typewriter transmission, and time- label- 
ing equipment to accurately "date" the 
information received. Also provided at 
each tracking station is a paper tape re- 
corder for system backup data record- 
ing. The recorded tracking data must 
then be transmitted to the Goddard 
Space Flight Center at Greenbelt, Mary- 
land for orbital calculations. As a result, 
there exists a need for two -way com- 
munications between the Goddard Space 
Flight Center and each tracking site. 

When the satellite is being tracked by 
a three -station complex, it is important 
that all three stations be time synchro- 
nized so that the data obtained is time - 
labeled the same by all three. To accom- 
plish this, each station's time is synchro- 
nized to the WWV national time stand- 
ard signal. 

FIELD -STRENGTH METER 
By GEORGE P. OBERTO, K4GRY 

WITH the crowded conditions on 
the air we can all agree that it 

pays to tune our transmitters up for 
maximum efficiency to buck the QRM. 
Various types of r.f. voltmeters, antenna - 
current meters, and field -strength meters 
were tried, with the remote field- strength 
meter giving the most accurate indica- 
tion of them all. 

The 2 % -mhy. r.f. choke, 1N34A di- 
ode, and .01 -0f. ceramic capacitor are 
mounted in a small plastic box sealed 
against the weather and located at a 
remote point from the transmitter. 
Small coax or lapel mike cable is buried 
in the ground leading from the 1N34A 
detector output to a convenient place in 
the shack for the meter. 

The 10,000 -ohm linear pot is adjusted 
for good sensitivity of the meter. In case 
sensitivity is lacking, use a longer an- 
tenna for the detector. Now grid drive, 
loading of final, antenna tuning, and 
making tests can be done efficiently. 
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NEW SAMS BOOKS 
TV Servicing Made Easy 

Wayne Lemons, an expert TV service 
technician, tells you, in serviceman's 
language, how to repair the tougher types of 'J'V troubles. Based on actual experience and case his- 
tories, this guide shows you how to troubleshoot, 
analyze and repair the problems you are most likely 
to encounter in every type of circuit. Ten chapters: 
Tuners; IF Amplifiers and Detectors; Video Ampli- 
fiers and Picture Tubes; AGC and Noise Limiters; 
Sync Circuits; Horizontal -Sweep and High -Voltage 
Circuits; Vertical -Sweep Circuits; Audio Circuits; 
Power Supplies; Servicing Procedures and Tech s. niques. 160 pages; Sit x 8'. Order SME -1, onlyS 

How to Repair Major Appliances 
The complete "A -to -Z" of major home appliance re- 
pairs. Explains universal operating principles, then 
Provides full details for troubleshooting and repair- 
ing the most widely used types of home appliances. 
Covers refrigerators, freezers, automatic washers, 
dryers, dishwashers, garbage disposal units, ranges, 
air conditioners, water heaters, dehumidifier., man- 
gles, etc. Includes both electric and gas units. s 
192 pages; 5% x 8y5'. Order MAJ-1, only.... 

Medical Electronics Equipment Handbook 
The most comprehensive, up -to -date book in the fascinating field of electronic medical devices. Covers 
all the major instruments now in use; describes func- tion, operation, adjustment, and repair. Eleven 
chapters include: Spectrophotometers; Radiation 
Counting Equipment; X -Itay Machines; Electro- cardiograph.; Electroencephalographs; Diathermy; 
Ultrasonic Devices; pH Meters; Titrators; Cell 
Counters; Special Power Supplies; Glossary. Pro- 
fusely illustrated. 256 pages; 5;§ x 8W; hard- 
bound. Order MED -1, only...... 

Fundamentals of Radio Control 
Leo G. Sands fully covers the subject of control of 
objects and devices by audio, ultrasonic, lightwave, 
infrared. microwave and radio frequency transmis- 
sions. Primary applications and principles of opera- 
tion are explained. Provides a clear understanding 
of radio control as applied to vehicle detection, 
traffic signal control, marine auto -alarm, remote 
control of base and broadcast stations, Autocall eye- 
terns, etc. Chapters include: The Transmission l'ath; 
Basic Control Systems; Analog Modulation & De- 
modulation; Digital Modulation & Demodulation; 
Input Devices; Output Devices; Control System 
Applications. FCC, DOT, and Fire Regulations. 
160 pages; 5% x 8;6". Order RCF -1, only.... JJ^ 

Broadcast Engineering Notebooks, Vol. 1 

Television Tape Fundamentals 
This first volume of an important new series pro - 
vides a full understanding of the operating principles, applications, and maintenance of video -tape equip- 
ment. Arranged in unique notebook form. it is the 
most authoritative reference for BC engineers, tech- 
nicians, and students. Explains the mechanics of 
time -space errors, system layouts. video circuitry, 
system blocks, etc. Seven sections include: Basic 
Concepts; Rotating -Head Theory; System Require- 
ments; Video -Signal Processing; Servo Systems; Op- 
erations; Maintenance. 256 pages; 5% x 8W. 
Order BEN -1, only.......... . . 

ABC's of Short-Wave Listening 
Len Buckwalter introduces you to the exciting world 
of short -wave radio, with its International Broad- 
casting, amateur operations (both voice and code). 
police and emergency transmissions, commercial aircraft and ship -at -sea communications. Tells you 
not only what programs are available, and how to 
get the most out of shortwave listening, but gives 
practical advice on how to hook up an antenna for 
beet reception on various frequencies, types of re- 
ceivers and how to make the best use of them; ex- 
plains the effects of radio -wave skip, the best time 
to receive particular frequencies, etc. A wonderful 
guidebook to this fascinating hobby. 96 pages; cm. S y x 8W. Order SWL -1, only... ........ 

NEW! AUTO RADIO MANUAL, VOL. 16! 
Just out -covers 41 popular late -model auto radios. 
Complete PHOTOrACTo servicing data on each model. 
160 pages; 81/2 x 11'. Order AR -16, only $2.95 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sam. & Co., Inc., Dept. M -12 
4300 W. 62nd Street, Indianapolis 6, Ind. 
Send me the following books: 

SME -I MED -1 BEN -I AR -16 
MAJ -I RCF -I SWL -1 

S enclosed. Send FREE Booklist 

Name 

Address 

City Zone Stole 
IN CANADA. A. C. Stimmonds 6 Sons, ltd., Toronto 7 - .... J 
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I. 
li AMERTRAN PLATE TRANSFORMER 

Primary 105 -125 AC. 60 Cy. Secondary 
1« 3100.0 -3100 V. AC P 600 MA G75 oO 
TIRO 12 MUA) Price ea .Y 

FILAMENT TRANSFORMERS 
All 110 VOLTS -40 CYCLES unless noted 

siSec. 6.3 V. .6 A. 750 Sec. 6.3 V. S A. 51.95 
Sec. 6.3 V. 3 A. 51.25 I Sec. 6.3 V. 10 A. 2.50 
Sec. 6.3 V. 4 A. 1.75 Set. 6.3 V. 25 A. .75 
Sec. 12.6 V. 5 A 5 2.95 
Sec. 6.3 V S A. 6.3 V 10 A. S V S A S 2.95 

MC Sec. S V 52 Amps (16 NV Ins) 517.95 

rrMyYASit 

RELAYS 
"'CO -A% RELAY SPOT Coll 110V.0 AC 6005....55.95yy Mpç6 

VOLT AC DPDT .95 
TS6 VOLT OC DPDT .95 r 16 VOLT DC 3PST -N.0 

12 VOLT DC DPDT 
10 V. AC PDT 15 Amp Cont 

eP.. SMSLS 10,000 Ohm BSens. 

11.000 Ohm Coll 1 Ma. Ath. SPDT 

SELENIUM RECTIFIER F.W. BRIDGE 
input 36.52 Volts AC., Output 24 $9.95 volts OC 10 Amps. Ea. i I11S 

PIV ]00 
200 
400 
750 
400 
100 
200 

SILICON RECTIFIERS 
Current 
500 Ma 
500 Ma 
500 Ma 
500 Ma 
750 Ma 
750 Ma 
2 Amps 
2 Amps 

price PIV Current 
S .25 400 2 Amps 

.30 330 100 15 Amps 

.90 
200 15 Amps 

.30 400 15 Amps 
S0 50 SO Amps 

100 50 Amps 
.55 200 SO Amps 

Price 
11.00 

1.50 
2.75 
3.75 
3.50 
4.25 
5.00 

BRAND NEW OIL CONDENSERS 
50 MED 200 VDC 4.50 

2 MCD 0110 VIDI' .50 
3 MFD ODII VIDC .60 
4 MFD 8110 VIDl' .75 
5 MFD 000 1'IDC .80 
6 MFD 600 VIDl' .85 
8 meo 1100 VI1C .95 

10 MFD I011 VOC 1.19 
12 MFD 000 VOl' 1.50 

1 MFD 10I111 VD(: .50 
2 MFD 1111111 VI1C .70 
4 MFD 111110 VDC 1.35 
8 MEO 1111111 V11C 1.95 

IO MFD 1111111 VID(' 2.50 
12 MED 1000 VDC 2.95 

1 MFD 1200 VDC .45 
1 FD 15110 VIIC .75 
2 MEO 1 5110 V11(' 1.10 
4 MFO 15110 1'IDl' 1.95 
8 MFD 15110 VIDC 2.95 
1 MFD'1000 VDC .95 

2 MFD 21100 VDC 1.50 
MFD 2111111 VDC 3.50 

6 MED 2500 VUC 5.50 
2 MEC/ 4111111 VIM 6.25 
3 MFD 411110 VOC 8.95 

MFD 411110 12.95 
1 MED 5000 VDC 4.50 
2 MFD 5000 Vlu 8.50 

.5 MFD 7500 VDC 2.95 
1 MFD 751111 VDC 6.95 
2 MFD 751111 17.95 
2 MFD 111,111)0 ' 29.95 
iMFD ; 2,500 34.50 

MM 15,000 2.50 
2 MED 18,000 - 69.50 
1 MED 20.0110 59.50 

.5 INED 25,000 34.95 
1 MFD 25.0110 69.95 

IO MED atm AC, 1.95 
3 MEO 1000 VDC 1.95 

PEAK ELECTRONICS CO. 
W66 W. Broadway, New York 7, N. Y., W0.2.2370 
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YOU 
SAVE 
MONEY! 

RUSH US YOUR 

LIST OF HI -FI 
COMPONENTS 
FOR A SPECIAL 
QUOTATION 
WRITE FOR FREE 

AUDIO DISCOUNT 

CATALOG A -15 

New low prices on amplifiers, tun- 

ers, tope recorders, speakers, etc. 

KEY 
ELECTRONICS CO. 
120 LIBERTY STREET 
NEW YORK 6, N.Y. 
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Mac's Electronics Service 
(Continuer! from page 46) 

for use under high electrostatic pressure 
can be satisfied if components are care- 
fully selected and properly protected." 

"That's what Roy and his friend con- 
cluded, although they point out most of 
their tests covered only short periods of 
time." 

"How and when did you meet this 
Roy ?" 

"That goes back to when you were 
wearing three -cornered pants. At the 
time I was fooling around with a home - 
brew ham station, and Roy and his 
chum, Langdon, were teenage Boy 
Scouts. Their scoutmaster suggested if 
they would look me up I'd show them 
my ham station. They dici and I did, and 
for the next several months I couldn't 
get them out of my hair. They caught 
the ham bug but good. I was peppered 
with questions, requests for demonstra- 
tions, and invitations to inspect and 
criticize equipment they built up. Both 
obtained their ham tickets in jig time. 

"After graduating from high school, 
both enrolled in Purdue University so 
they could pursue the interest in elec- 
tricity and electronics awakened by their 
amateur radio experiences. Upon gradu- 
ation Langdon went into the small mo- 
tors division of Westinghouse and dis- 
tinguished himself in that field. Roy 
worked in broadcast set engineering for 
a short time and then joined the Naval 
Research Laboratory, where he has been 
ever since. He never lost his interest in 
amateur radio, and you probably recog- 
nize his call, W3DZZ. His experimental 
work with the tuned -trap type of anten- 
na now so common in multi -band doub- 
lets and tri- bander beams first focused 
popular attention on this approach. 

"This brings up something I've 
thought about a lot. Every time there's a 
hurricane, sleet storm, or other disaster, 
we read how hams furnish vital emer- 
gency communication. We know how 
highly every branch of the armed forces 
regards this pool of self- trained elec- 
tronic technicians that can be tapped 
whenever a quick need arises. But 
neither of these is the most important 
contribution amateur radio makes to our 
country. The really important thing is 

that amateur radio attracts keen young 
minds into the field of electronics -a field 
absolutely essential to our military pos- 
ture, to space exploration, and to man- 
kind's growing conquest of disease. 
Amateur radio is the interest -filled 
'carrot' that lures youths into their fruit- 
ful scientific vocation. The story of Roy 
and Langdon is repeated over and over; 
and our country is richer, safer, wiser, 
and healthier because of the repetition." 

"I agree, now you point it out," Bar- 
ney reflected; "but getting back to how 

you feel about snow, maybe that's not all 
bad. Perhaps as we mature the accent 
shifts from feeling to thinking. I'm de- 
lighted by the way the snow looks, and 
I enjoy operating my ham station. You 
think about the trouble snow can cause, 
and you ponder the contribution ama- 
teur radio makes to our country. I'm 
storing up pleasurable experience -and 
that's an important part of life -but 
you're engaging in productive thought 
that may anticipate and so avoid trouble 
or discover the important significance of 
a hobby. I guess feeling and thinking are 
both part of a full man." 

"Keep on like that," Mac said teasing- 
ly, "and you're going to be old and wise 
before your time. Maybe we both had 
better come clown to earth and grind out 
some of these TV sets. What say ?" 

EIA CHAIRMEN RENAMED 
ROBERT C. SPRAGUE, chairman of 

the hoard of Sprague Electric Co., 
is the 1962 -63 chairman of the E1A's 
Electronic Imports Corail aittec, a post he 
lias held sines the ineepl' f the t 

-e four years ago. He has been an 
E1:1 director since 1943 und served as 
the president from 1950 to 1954. 

At the same lime, the EIA re- appointed 
J. A. Milling, president of the Sams Di- 
vision of Howard W. Sams & Co., Inc., as 

chairman of the EIA's Distributor Rela- 
tions Con 'e. He heads a 25 -man 
committee which works on behalf of 
electronic parts and tube numu l'acturers 
and distrib s. A 

CZECH DX CONTEST 
THE Czechoslovak Central Radio 

Club, Box 69, Prague 1, has an- 
nounced details of its International C\\ 
competition "OK DX Contest 1962." 

The contest starts at 0000 GMT and 
ends at 2100 GMT on December 9111, 

with the following bands to he used 
3.5, 7, 14, 21, and 28 me. Stations par- 
ticipating in the contest will call "Test 
OK." Stations will exchange code con- 
sisting of six numerals, the first three 
being the RST report, the latter three 
being the current number of the contact. 

Entries may be ruade in one of two 
categories: single -operator stations and 
multiple -operator stations. Separate logs 
are to be sub tted for each band. Logs 
are to be mailed to the Club no later than 
January 15, 1963. For full details on the 
rules governing the contest, contact the 
Club direct at the above address. A 

"It's my own Idea . to toll the kids." 
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Additional Notes 

on Transistorized 
Ignition System 

By BOGHOS N. SAATJIAN 
Design Engineer, Triad Transformer Corp. 

Modifications required for 
cars with 6 -volt ignition 

systems and 12 -volt systems 
that have positive grounds. 

AFTER publication of our article 
"Transistorized Ignition System" 

for 12 -volt, negative- ground cars in the 
August 1962 issue, we received so many 
inquiries requesting additional informa- 
tion on how the circuit could be adapted 
to cars with 6 -volt and 12 -volt positive - 
ground ignition systems that we decided 
to write a follow -up article to answer the 
numerous questions being asked. 

6 -Jolt, Negative Ground 
First, let's take the case of a 6 -volt, 

negative- ground system. This requires 
the simplest modifications of the original 
circuit. All one has to do is reduce the 
value of RI from the 0.5 -ohm value spec- 
ified for the 12- volt negative- ground sys- 
tem to at value between 0.05 and 0.25 
ohm, 50 watts. Start with a value of 0.25 
ohm and reduce this value until a pri- 
mary -coil current of 9.5 to 10 amperes is 
obtained, as read on a d.c. ammeter. 
Turn the ignition key on but do not start 
the engine when checking for this cur- 
rent. This test should be performed 
quickly otherwise the primary of the 
ignition coil and/or transistor may be 
damaged. This is the only modification 
required for a 6 -volt, negative -ground 
system. We have also found that a coil 
of 400:1 turns ratio will work better in 
6 -volt applications. We swill have more 
to say about this coil later. 

Posit ioe- Ground Systems 
For 6 -volt and 12 -volt, positive- ground 

systems, the modifications are more com- 
plex. As there are no equivalent rep -n 
power transistors, we must use the p -n -p 
type originally specified, for the circuit 
with positive ground. 

For 6 -volt, positive -ground systems, 
follow the steps given previously for 6- 
volt, negative -ground systems. In addi- 
tion to reducing the value of R,, you can 
either convert your car to a negative - 
ground system, which is not an easy task 
(but can be clone with the help of a 
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competent auto mechanic) or you can 
insulate the distributor points from 
ground. In the latter case, you will have 
two wires emerging from the distributor. 
You can use point -insulating kits avail- 
able for approximately $2.50 from sev- 
eral auto- supply dealers, such as the 
Automotive Electronics Co., 385 Park 
Ave. South, New York, N.Y. or the W.F. 
Palmer Electronics Laboratories, Inc., 
Carlisle, Mass. These companies, among 
others, have the 400:1 turns -ratio coil, 
ss'hich retails for around S I5.00 post- 
paid. Once again we would suggest that 
the 400:1 turns -ratio coil be used. 

Fig. 1. Modified circuit diagram to be 
used for cars that have positive grounds. 
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TO CENTER POST 
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POINTS 
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BATTERY 

R1- Three Drleo D1110 1952154 ballast re- 
sistors connected in parallel or two 1ohnl, 
50-watt power resistors in parallel. (For 
6-volt .o- .stem. See text.) 

ohm. 5 w. wirewnund res. 
R;- 500 ohm. 5 u'. wirraound re s. 
R: -5 ohms, 25 w. wirewnnad res. 
Ct -10l) put., SNIT v. non -inductive mira ca- 

paeilnr 
SR,- Silicon rectifier, 25 amps. 1511 p.!. r. I /n 

!emotional Rectifier 2511ß15 or equiv.) 
CR, Two .iN -v. hence diodes in series or 

equiv. 611 -volt, 1 -watt nuit (International 
Rectifier 17. -307.51 

S,- Car ignition switch 
11I --6- or 12-volt nub, battery Ise.. text) 
PI- Male plue (Jones 'r1'- 3II3- (:C1'I 
SOI- Female .socket Unties .S- 303.CCT'/ 
T,-- 411[1:1 turns ratio roil (see text; 
2- /(rat sinks (Delco Radio v72711725 or 

equiv.) 
1% Power transistor (2X171 or equiv.) 

GET IT from GOODHEART! 
VOLTAGE -REGULATED POWER SUPPLIES 

Dressen- Barnes. like new, grto. Line regul. 0.1¡ 
95 -125 v 1 ph 60 cY. Load regul. 60 -100 my no-load 
to full load. Max. ripple 2 -3 mv rms. Metered. All 
have bias outputs O to -150 vdc. All have 6.3 vac 
CT outputs to 10 A. Duals have 2 of above outputs. 
Hy outputs float. may be seriesd. All connections 
and V- controls on Iront panel. In 19 rack drawers. 
Regular prices range from $495.00 to $695.00 each. All fob Los Angeles. 
3.1MB: 0.300 V at 0.1000 ma de $250.00 
3- 1.5MB: 0.300 V at 0.1500 ma dc $325.00 5.300F: 0 -500 V at 0.300 ma dc. plot 

0 -300 V at 0.150 ma dc $195.00 03.5008: Dual. 2 each 0 -300 V at 
0.500 ma dc. $295.00 05.3000: dual. 2 each 0.500 V at 
0 -300 ma dc $295.00 

0.1 % SORENSEN Line Voltage Regulator 
.50005 regul. against 

h 

h a136n o 

& 

- 
put 110.120 v. holds to 0.1%. Harm. less than 3%. Recovery .15 e 
Regularly $695.00 less 
Spares. New. pares 
orig. pack. 285.5349.50 
lbs. fob Utica 
10005. 1 kva t 

ton Los Angel. 119.50 

aóó 0 Special. 
2S 

S0 to 

1ÌÓ.120 VO. Max 5 :1 di- 
$199.50 

-- _ ^:4»..1 8. 
- 

" " " "' 

'- ' "r' 

' i 
t! . . 

is - - 
' - -'- 0 526 

- "' `r` . 
Norwalk. Conn. 

MEASURE E, I, R TO 1 PART IN 10,000 
and with ZERO current drawn! 4 -digit 20K ohm 
KelvinVarlcy Voltage Divider. Air Forte spec. 1 
part in 10.000. Direct- reading Potrntiometric method 
for E and I. Plus .01; resistors for bridge.measure- 

meents 
of R. All nonInductive. Plus 100 -0 -100 uA 

ter w protective pushswltched multipliers. Plus 
complete 
Test Set. 

simple 
BRAND 

instructions. 
NEW. Handbook. 

For 
Shpg. wt. 

37 Ins.. fob Springfield. Ohio. $79,50 Only 

QUANTITY 1 -EACH GOODHEART GOODIES: 
Hewlett. Packard .100 -D LowFreq. Secondary f295.00 
Standard. 10 cy -100 Me. decade steps..... 
Boonton 160.4 Q -Meter SO ke -75 me. with á395.00 .516 -A3 Q.Standard 1.5.4 mc 
L & N .760 Wheatstone Bridge O.I5!'. with AC 
Dalvo .2370.0. mtd up $150.00 ready to use 

ARC -3 and ART-13A TECH MANUALS! 
Handbooks inteó per.. theory. :Chem. á10.00 dwgs, etc. Either book post ̂ aid. 

RADIO RECEIVER AND / OR SPECTRUM ANALYZER 
AN/APR-4 revr Is the U-tube 30 a IF etC. for its 
plug in tuning units: has 5-meter. 60 y pwr c 

Pan. Video & Audio outputs. AM. Checked. aligned. 
with heads for 38.1000 mc. t164.00 
Pwr plug & Handbook. fob Les Any. i 
Add 559.50 for 1 2.2 Mme: add $79.50 for Test 
Oscillator T5.47 'APR, 40 -3000 mc 21 CW. AM. 
PM. webuilt in 60 Cy paver sply. fob Los AnC. Add 
$45.00 to get AM FM revr Instead of AM. 

2 -METER RECEIVER & 2/6/10 METER XMTR 
SCR -522 revr. xmtr. rack & _ 

Case. exc. ond. 19 tubes ' 

Include 832As. 100.156 me 
AM. Satisfaction Arta. Sold 
at less than the tune cost in ' 

lus! Shpg wt 8S lbs. i5. 
FOB Bre i Bremerton. $14.95 Wash. y 

Add $3.00 foe Complete 
technical data group InClud 
Ing O iginal schematics & 
pasts 

instruct. F fortACrpwr 
holy. for 'Cyr continuous 
tuning, for x to 2 -meter 
use. and for putting xmtr on 6 and 10 meters. 

COMMUNICATIONS RECEIVER BARGAINS 
BC4538: 190 -550 Me 6 -tube superhet w 85 ke IF's, 
idea, as long -wave rev as tunable IF & as 2nd con- vert. W all data. CHECKED ELECTRIC. $12.95 ALLY! Geld. OK! 11 lbs. fob Los Angeles. 
Same, in handsome canine[ w pwr sply. spkr. {17.50 átc.. ready to use, is our Qx -535. 19 lbs.. 

8S: Navy's pride 2.20 mc ta. tuie superhet has 
voice filter for low noise. eer.seving ACC. high sens. &Select. IF Is 1255 Me. Checked. aligned. w pwr 

use. cords, teach data. ready to a e. fob á19.50 Charleston. S.C. or LOs Angeles 
0.45 ARR -7 brand new. 12 -tube superhet .55 -3 mc 
In 6 bands. S- meter, 455 he IFs. all filter. 6 sel, 
positions. tC. Hot and complete. it can be ado still better by double- converting into the a BC -453 or OX. 535. Pwr :ply includes DC for the automatic ál19.50 tuning motor. FOB San Antonio 

Time Pay Plan: $17.95 down. 11 x $16.03 

NEW COMPLETE MAGNETOMETER AN /ASQ -3 
OSe. 0.3 & Converter CV 1 In Case CY -4; Head (with orienters) DT -2: Dynamotor Assbly DY -6; Control C -8: Indicator 10.5 I is a t 2.0.1 2 ma de meter. may be parallelled by a recorder it desired!: set Of plugs: 
and 160 -Page Handbook. 5 gammas produce t 
dc. In Mfr's packing, clean and fresh. 

á349.5Ó Shpg wt 250 lbs. fob Phila.. Pa 

Add for Recorder RD -4 ASO. new $200.00 

NAVY LM FREQ. METER, .01% ACCURATE 
Crystalcalibrated every 1000 Mc w data to u e many 
minor all checks in between. gD is .005% or better. 125.20.000 he w usable harmonics ear beyond. W matchingserial cants book, xtl schematic. 

áS9.50 psssclÌl bdata. CH 
CHECKED 

AC 
ED OK fob Los Angeles JJ l 

Instruct. we furnish. 47 11,5 lob San Diego 59.95. 

FREQUENCY -METER BARGAINS 
TS -173 owe sply. 90 -450 mc..009% .S150.00 
TS.174. 20 -280 Inc. 01 t $150.00 79.323 ac pwr holy. 20.450 e 
.005 .00 m 

2 ¡ $275.00 
75 -186. .01.% w .002% xtl, 0.1 -10 kme 9295.00 
Various m . -tuned a lib. echo -box types 
State erect. range desired- up to X band. Any $ 79.50 

R. E. GOODHEART CO., Inc. 
P. 0. Box 1220 -A Beverly Hills, Calif. 
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Keep controls 
and switches 

QUIET! 

use QUIETROLE 
The original products of its kind. 

5 
An Industry 

Used by every segment of the in 

dustry. Those who know, know the 
difference that makes it the best. 
Imitations are only poor substitutes. 

Supplied in 
2 -4 -8 oz. 
bottles and 
6 oz. Spray - 
Pack with 
extender. 

manufactured by 

QUIElROLECOMPANY 
Spartanburg, South Carolina 

In Canada: CROSS CANADA ELECTRONICS 

12 Laurel Street, Waterloo, Ontario 
CIRCLE NO. 40 ON READER SERVICE PAGE 

THE INDUSTRY'S 
ONLY COMPLETE 

"LOOK -ALIKE" LINE 
Exact Replacement 
Needles/Cartridges 

ctuerk.4. 

After the distributor points have been 
insulated, follow the schematic diagram 
in Fig. 1 for 6 -volt or 12 -volt, positive - 
ground systems. 

For 12 -volt, positive- ground systems, 
the only modification required is either 
a changeover to a negative- ground sys- 

tem through the help of a reliable ga- 

rage, or distributor -point insulation. If 
it is decided to insulate the distributor 
points, then simply follow the circuit 
diagram shown here. No parts value 
changes are required. 

For either 6 -volt or 12 -volt, positive - 
ground systems, be sure to test for 
thorough point insulation before pro- 
ceeding with the connection of the igni- 
tion circuit to the distributor. Time spent 
on a good job here is time well spent, 
and will preclude non- operation or inter- 
mittent operation on the road at some 

Later time. 
Readers who have 12 -volt, negative - 

or positive -ground systems and who 
want to obtain even higher ignition effi- 
ciencies than those possible with the 
250:1 turns -ratio coil should also use the 
400:1 turns -ratio coil suggested for 6 -volt 
systems. This coil will deliver an output 
of up to 35,000 to 40,000 volts at idle. 

Read our original article in the August 
1962 issue first and follow all suggestions 
there about the heat sinks and parts 
values. All construction details and lay- 
out pointers in the first article apply to 

this one too. It is also a good idea to test 

and re -test the system before final in- 
stallation in your car. One final pre- 
caution after installation is to make sure 

that the car's ignition switch is turned 
off at the end of a drive. 

WORKBENCH 
TOOL HOLDER 

By R. A. GENAILLE 

AHANDY tool holder for miscellane- 
ous workbench tools can be con- 

veniently fabricated from a piece of 
scrap "Styrofoam" left over f the 
holiday season. All one need do is to 
lind a piece of sufficient width to pre- 
vent "top heaviness" and gently press 
the pointed or sharp ends of small hand 
tools into the "Styrofoam" block. 

This handy tool holder will help keep 
your smaller hand t Is f being scat- 
tered around your workbench, avoid in- 
juries due to sharp points or rutting 
edges being exposed, and protect the 
working port' s of the tools. 

Highest quality 
guaranteed/ At your 

E -V distributor's or write 
for FREE replacement guide, 

today! ElectroVoice, Inc., 
Buchanan, Michigan. Deb/. 1227N 
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OVING?ß 
o 

If you've recently changed your address, or plan 
to In the near future, be sure to notify us at once. 
Vi e11 make the necessary changes on your mailing 
plate, and see to it that your subscription contin- 
ues without interruption. Right now -print the in- 
formation requested in the spaces below and mail 
It to: ELECTRONICS WORLD, 434 So. Wabash Ave.. 
Chicago 5, Illinois. 

Name 

'Account No. 

Old Address 

City 

New Address 

Please PRINT! 

State 

City Zone State 

Mail copies to new address starting with 

issue. 

(Your Account Number appears directly above 
your name on the mailing label.) 

APN91R 651 Loran R,C -Intl. 
N.tv li k -1'd.0- Inspected 

and or lrha 
..Ulr.l - approved for 

.. 
' - 

. .. 565.00 
I wear ie 

,.A 
CCCnnorle aval lnbc - a95 

349.95 r,l IUi 5 en Apo N.115 31C Tuner 
TN2 ' :-1-:1_11 S24.95 
TN3 " 31111.1111111 529.95 
Sigma 4F 5111111 11hn1 relay 5 2.50 
Slem.l 80030 511011 ohlll rala, IPolar) S 1.75 
R1Il APRS 1111111.0111111 SI(' Iter. 569.50 
TS 13 AP "X" Hand TI.[ Set 39.95 
Ts35 AP NW. Gull. 29.95 
FR72 UP Echo BOX 29.95 
TS 62 AP 39.50 
TS li AP 14 11.0141 Sig. Gen. 39.50 
75666 AP (im11mier a1110:0or 39.50 
T5146 UP .,o-I... i1:1.1:1r 'l',.-t "t 599.50 
Battery Charger 28 Volts 30 Amos , ad)u.taldy) 537.50 
TS 34 AP ,1-vlllo-e.,11e . . ... . . . . 45.00 
R129U il:umn:,rluna uSuper Iro $59.50 

1Ir.. P.nvr; .uPplçl 
785/APTS 300-1.0111 MC Tran.m. 49.50 
T147/APT9 :910.2500 ._51111 31(' Tran.nl. 99.50 
Senior Volt Ohmist IItC:V \VV.07A1 39.95 

ml l:.11,li,m1nt 11,nd.et. Slides Tul. 
mpon,nt. .,,1,1 n,any other Items. Write rur 

at.` .502 

ARROW SALES- CHICAGO, INC. 
2534 S. MICHIGAN AVENUE 

CHICAGO 16, ILLINOIS 
CA 5- 4750 -4751 

rSAPPIIES 
PAYS $3 TO $5 AN HOUR 

Spare Time, Full Time Learn at Home 
FREE BOOK effete I 

low shows how VOU s-.0 
now have a good- paying 
business of your own, right 
in your home. No experi- 
ence needed. just simple 
tools. Learn to repair Elec- 
tric Appliances. Pays A3 -$5 
an hour' 

400 MILLION Appli- 
ances are in American 
homes right now. 76 Mil- 
lion MORE bought each 
year. People need them 
fixed, good times or bad. 
YOU make good motley do- 
ing it. In your basement. 
garage. even on your 
kitchen table. 

FREE BOOK 

QUICK WAY TO SET STARTED 

For Ic-s ilk, 
our easy, pictured In011ic- 
lion - barked by 4 C years 
of success in home training - prepares you for top 
earnings in this booming 
field. Earl Reid of Thomp- 
son. Ohio says: "Nlade 
3510 in one month spare 
time. NRI course is price- 
less." At no extra charge 
you e'en get all parts for 
your own Appliance Tester. 
too. Finds trouble- spots. 
speeds and checks your 
work. 

Get your FREE Book 
and FREE Sample Lesson: 
Mail coupon below. letter 
or postcard. ?IOW. 

FREE LESSON 

NATIONAL RADIO INSTITUTE, Appliance Division 
Dept. EN2, Washington 16, D.C. 
Send FREE Book. Free Appliance Repair Course 
Lesson. Am interested in: ] Spare Time Earnings r-t My Own Business 

p Bettar Job 
Name 
Address 

City Zone.. State 
_Accredited Member National Home Study Council__ 

ELECTRONICS WORLD 
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ELECTRONIC 
CROSSWORDS 

By N. F. LAVIGNE, JR. 

(Answer on page 99) 

ACROSS 
1. Devices for altering the imped- 

ance and potential in an elec- 
trical circuit. 

13. IR - 
14. This TV transmission band has 

just received a "shot in the 
arm.' 

15. Radar indicator used to deter- 
mine altitude and range of air- 
craft. 

16. Amplification factor. 
17. 5.5 yards. 
19. Unit of length in the metric sys- 

tem (abbr.). 
20. Device for changing rotary mo- 

tion into lineal motion. 
21. Three (prefix). 
22. Quiet! 
23. Standard used in the U.S. for 

steel and iron wire (abbr.). 
25. Indicates the plural. 
26. Type of No. 1 Across. 
29. North Central State (abbr.). 
31. Organization for drinkers who 

want to quit Iabbr.). 
32. Apiece (abbr.). 
33. Coupling (abbr.). 
34. Total E/R (schematic notation). 
36. EI 
37. African antelope. 
39. "J" scan pattern. 
40. Fish eggs. 
41. City in Arizona. 
44. Type of tube. 
47. Decay. 
48. Structure of sun -dried brick. 
49. No. 1 Across are always given 

this, usually in amps or ma. 
52. Past. 
53. I'R. 
54. Covering for the hand. 
55. This must be known to use No.1 

Across as an impedance- match- 
ing device (two words). 

57. A voltage that will not vary be- 
yond certain given tolerances is 
said to be this (abbr.). 

58. Suffix meaning quality of. 
59. All the resistance in a circuit 

i schematic notation). 

DOWN 
1. Winding found in special types 

of No. 1 Across. 
2.E /I =. 
3. One type of No. 1 Across. 
4. Northeastern State (abbr.). 
5. City in California (abbr.). 
6. Reciprocal of period (abbr.). 
7. Unit of E I. 
8. One mode of transportation 

(abbr.). 
9. Third tone in the scale. 

10. IR = 
11. Old designation for the elec- 

tronic trade association. 
12. Totals. 
18. Belong to the "riff-raff" 

I Scot. t. 
19. Unit of conductance. 
20. Unit system of force that will 

move a body weighing one gram 
one cm. per second at the end 
of one sec. 

22. Radar indicators have different 
types of this. 

23. Normally, the output section of 
No. 1 Across. 

24. I-R= . 

27. That portion of a waveshape 
that falls below a reference 
line. 

28. Schematic notation. 
30. Type of tube. 
35. Type of r.f. coupler. 
38. Not down. 
40. An automaton. 
42. Mountain range forming the 

natural boundary between Asia 
and Europe. 

43. Device to convert electrical en- 
ergy into mechanical energy. 

45. Every one of any number or 
aggregation considered individ- 
ually (abbr.). 

46. Professionally characteristic 
garb. 

49. Grid resistor (schematic nota- 
tion) . 

50. No. 27 Down (abbr.). 
51. Symbol for conductance. 
53. A variable resistance. 
55. Total impedance (schematic 

notation) . 
56. Voltage. 

I 2 3 4 5 6 7 8 9 10 II 12 

13 

17 18 

14 

15 

6 

19 PO 

25 21 

22 
23 24 

26 27 28 29 30 

31 32 33 34 35 

36 37 38 39 40 

41 42 43 44 45 46 

49 

47 48 .. 
50 51 52 53 

54 . 55 .. 56 

57 58 59 

December. 1962 

OLSO 
ELECTRONICS, INC. 

IltAP e n 

DISCOUNT 
HOUSE 

DISCOUNT STORES IN: 
AKRON, OHIO 69 W. State St. 

ATLANTA, GA. 485 Peachtree St., N.E. 

BUFFALO, N.Y. 711 Main St. 

CHICAGO, ILL. 4101 N. Milwaukee Ave. 

CHICAGO, ILL. 123 N. Western Ave. 
CHICAGO, ILL. 2641 W. 95th St. 

CLEVELAND, OHIO 2020 Euclid Ave. 
CLEVELAND, OHIO 6813 Pearl Road 

COLUMBUS, OHIO 142 N. High St. 
INGLEWOOD, CALIF. 4642 W. Century Blvd. 
MILWAUKEE, WISC. 423 W. Michigan 
PITTSBURGH, PA. 5918 Penn Ave. 
PITTSBURGH, PA. -3405 Saw Mill Run Blvd. 

O 

FREE Olson Discount Catalogs 
NOW! Come in to any of Olson's 13 Electronic Discount Stores and 
see the tremendous NAME BRAND Electronic Bargains! You'll find 
SPEAKERS - CHANGERS - TUNERS - AMPLIFIERS - CB EQUIP- 
MENT - TOOLS - TUBES - CONDENSERS - KITS. etc., all at 
money saving low prices! If you live beyond our store areas, fill 
out coupon below and receive Olson Electronic? Discount Catalog 
FREE for one full year. All Hi -Fi and CB at u Discount Price 
on Credit. 

MAIL TO: OLSON ELECTRONICS, INC. 
635 S. Forge St., Akron 8, Ohio 

NAME 

ADDRESS 

CITY ZONE STATE 
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[aLurvit3 iii GEMJ 

I/ 

III 
1 

COLLINS ART -13 TRANSMITTER 
In Mr. 1.1 W. uw u . ASH W. Exrr1...539.95 

APN-1 TRANSCEIVER: l'_II \I.. k'\i. HIM FM 
\\1:11nIatnr. Comp- with tubes 1111k 53.95 

G.E. BRIDGE SILICON RECTIFIER 
.1/111 111. 

. -111 peak 11:.1 
EA. 57.95 

...1.11: E ::110 I 1 for :11 5- .1..111 

RBS RECEIVER 
549.95 

RT-19/ARC-4 TRANSCEIVER 
SII:TI:Il5 1.111.1-11 Slr. t.: "II 

12 or 2.1 I . .529.95 
12 V. DYNAMOTOR 111r .:11111:: 4:xrellrlll 

1 o1111. 514.95 

COMMAND RECEIVERS 
All Excellent Cond. & Terrific Buys! 

-1 Mc. New .$14.95 M' S 9.95 1. !\I. I: :1 
101.-150 K: 22.95 1:.01.-,:.11 Ar... 19.95 

. -1_11 1.10:1 Ar. Itr.1n0 0.11. .1.1129.95 
lamp 2 -METER TOE RADIO 
TRANSMITTER TRANSMITTER 

:1u1l.IHio of E x - 

W. HAit c )for 1111. 
41441o. 

. 1.1 . II 1, u.:: 1 11k.1 
ono 

t.IS295.00 1 

111 '- I 1 ST -u' 56.95 1 1111 11.Ií In.1n It 

HEADSETS & MIKES BARGAINS! 
HS -33 HEADSET: 11,:11111 1 . 55.95 
HS -23 HEADSET: 1 1 111 :15111) 4.95 
HI Fl HEADSET: rrlal'l'IWith ,\x/111 ,IA Inn:11111r `t;' ,. I111 o11111. 9.95 
7-2913 CARBON MICROPHONE: I1r.n111 n 6.95 
M -29 U CARBON MINE: 1-5I5 1:114 A 1111' 9.95 
11nln. Tills 15 la 1- n r . Ex001. 

COLLINS TCS TRANSMITTER RECEIVER 
1.5.12 .Ur Ir :II VED 

11h 
1- 

\'. 11. nl,l . °Ik' 1$150.00 
1: "I .110111 1 :II11 111:11: 1 11 : 1:1 :1II . . 

TUBES! ALL NEW & GUARANTEED! 
2C39WA $12.95 250TH 522.50 
4.65A 9.95 100TH 9.93 
4 -125A 19.95 8000 9.95 
4x250B 22.50 829e 4.95 
4 -400A 24.30 832A 3.93 
4 -1000A 75.00 4E27 7.95 

BC-375 TUNING UNITS 
Tl'.It.= M. -II, r"In.A$1:,.nn1:11nr 'rlu unl. 
1'r. i-V: 21111- 19.IUm 6r. 4:xr 11`Inlí°$1.95 eá. .Illo.`;'IIiVplxllt.. ] p1.. 1.1.1.'I.Y 

BC-610 HALLICRAFTERS TRANSMITTER 

I 

r 

p 

u 

U. "I2-111 

1 u 

Mr. 

i. n111 

. 
1 11a :1. 

n with 5,1,11 1 :nn11 1111rr 
n4l :antenna nowt . 1.'l 1'11, . 

'"1"'"" $650.00 
GNI58 GENERATOR:\4'11r t11:Il;lu !1 A IIII: $25.D0 1n 1. This ul It 15 1 

BATTERY: IDA In:lt1' lrk:.ll11i'h111n01.1'11._ 
vnc.. rmlr +m11.binur r:ll::r1tr. I. _ : - $1.69 
r1.r c .ol ..1 .. . 

x'i'Iru 
BATTERY: iIII.'1': ::; T. 1 1-5:1104.4 . . 1:. '- 9fJA 

- EACH V 
H81] HEAD IBAND: ,For lthe 115 21 .1n11 115,1:1. Aft/, Ix 121111 

l'.r11. aul, YJV 

1 

r 
: 1V 

2 4V. 

11 

PP 112/GR VIBRATOR POWER SUPPLY 
: 

11 ̀ 11 
lA 

m.ba' e O$69. 50 

COLUMBIA ELECTRONICS 
4365 WEST PICO BLVD. LOS ANGELES 19, CALIF. 

CIRCLE NO. 113 ON READER SERVICE PAGE 

engineering degree in 27 mos. 
Become an Electronics Engineer. College graduates 
enjoy higher income ... sure advancement. Major 
corporations visit us regularly to interview and em- 
ploy seniors. BACHELOR 01- .SCIENCE /DEGREE 
L \' r MONTHS in Electrical (Electronics or 
Bout:, major), Aeronautical. Chemical. Mechan- 
ical, Civil Engineering. IN 36 .11LINTIIS a 13.S. 

Degree in Business Administration. Small classes. 
Campus. New dorms. Lou. costs. Enter Jan., Mar., 
June, Sept. Founded 1884. Write J. IL MiCmiby 

for Catalog and "Your Carrer in En. 
giuroing and Co ru inerte' Hook, 

6122 College Avenue Angola, Ind. 

84 

Convert any television to 
n Hive. 

BIG -SCREEN OSCILLOSCOPE 

í1e:./1 ..... Sr) 
111 -.1 1 LI 

111 ,111TECH- 
NICIANS!í EXPERIMENT. 
ERS. BROADCASTERS. 
.11,111. .11111:11. 1.11. Any set -.on 

FULL PLANS $2. 
RELCO, Dept. EW 11, Box 10563, Houston 18, Tex. 

>- ,-1 .-- -. 
Calendar of Events 

NOVEMBER 28 -30 
1962 Ultrasonics Symposium. Sponsored by IRE 

Professional Group on Ultrasonics Engineering. 
Columbia University, New York City. Program in- 
formation from R. N. Thurston, Bell Telephone 
Labs, Murray Hill, N. J. 

NOVEMBER 28- DECEMBER 2 
First International Communications Fair. Spon- 
sored by International Communications Fair, 310 
Madison Ave., New York 17, N.Y. Open to public. 
Consumer and industry show covering CB, ham, 
SWL, and communications equipment, FM and 
two -way radio. New York Coliseum. 

DECEMBER 4 -6 
Fall Joint Computer Conference. Sponsored by 
AFIPS (PGEC, AIEE, ACM). Sheraton Hotel, Phila- 
delphia, Pa. Program details from E. Gory Clark, 
Burroughs Research Center, Box 843, Paoli, Pa. 

DECEMBER 6 -7 
13th National Technical Conference on Vehicular 
Communications. Sponsored by PGVC of the IRE. 

Disneyland Motel, Los Angeles, California. Infor- 
mation from W. J. Weisz, Motorola Inc., Com- 
munications Div., 4545 W. Augusta Blvd., Chicago 
51, III. 

DECEMBER 10 -11 
First Annual Symposium on Unconventional Iner- 
tial Sensors. Sponsored by Republic Aviation 
Corp., Bureau of Naval Weapons, Air Force Sys- 
tems Command Scientific and Technical Liaison 
Office. Meeting classified. For details contact 
Milton J. Minneman, Symposium Secretory, Scien- 
tific Research Staff, Republic Aviation Corp., 
Formingdale, New York. 

JANUARY 8 -10, 1963 
Millimeter and Submillimeter Conference. Spon- 
sored by the Orlando section of IRE and PGMTT- 
IRE. Cherry Plaza Hotel, Orlando, Florida. Pro- 

gram information from J. W. Dees, Martin Co., 
P.O. Box 5837, MP -172, Orlando, Florida. 

JANUARY 21 -24 
Ninth National Symposium on Reliability and 
Qualify Control. Sponsored by PGROC, Los An- 
geles Section of IRE. Program information from 
L. W. Ball, Boeing Co., P.O. Box 3707, Seattle 24, 
Washington. 

JANUARY 21 -31 
The 1963 Engineering and Management Course. 
Sponsored by University of California. Los An- 
geles Campus. Intensified 10 -doy short course, 
8 a.m. -5 p.m. daily (excluding Sunday). Brochure 
on course available from Reno R. Cole, Coordi- 
nator, Room 6288, Engineering Unit II, University 
of California, Los Angeles 24. 

JANUARY 30- FEBRUARY 1 

Fourth Winter Convention on Military Electronics. 
Sponsored by PGMIL and Los Angeles Section of 
IRE. Ambassador Hotel, Los Angeles, Calif. Pro- 
gram information from IRE Los Angeles Office, 
1435 La Cienega Blvd. 

FEBRUARY 8 -10 
1963 Pacific Electronic Trade Show (PETS). Spon- 
sored by Association of Electronic Distributors. 
Shrine Exposition Hall, Los Angeles. Details from 
Association, 10480 National Blvd., Los Angeles 
34. Att: Charlie Silvey, executive vice -president. 

FEBRUARY 11 -15 
Third International Symposium on Quantum Elec- 
tronics. Sponsored by IRE, SFER, ONR. Unesco 
Building & Parc de Exposition, Paris, France. Pro- 
gram details from Madame Cauchy, Secretair, 7 

rue de Madrid, Paris 8eme, Fronce. 

FEBRUARY 20 -22 
International Solid State Circuits Conference. 
Sponsored by PGCT, ATEE, Philadelphia Section 
of IRE, University of Pennsylvania. Sheraton Hotel 
and University of Pennsylvania, Philadelphia. Pro- 
gram information from S. K. Ghandi Philco Scien- 
tific lob, Blue Bell, Pa. 

MARCH 25 -27 
Convention on H.F. Communication. Sponsored 
by the Electronics Division of the Institution of 
Electrical Engineers. Program information from 
Secretary, IEE, Savoy Place, London, W.C. 2, 

England. 

MARCH 25 -28 
IRE International Convention. Sponsored by all 
Professional Groups of the IRE. Coliseum and 
Waldorf -Astoria Hotel, New York. Details from 
Dr. D. B. Sinclair, IRE Headquarters, 1 E. 79th St., 
New York 21. 

APRIL 16 -18 
Cleveland Electronics Conference. Sponsored by 
IEEE, ISA, Cleveland Physics Society, Cose Insti- 
tute, and Western Reserve University. Hotel Sher- 

aton, Cleveland. Details from Lapine Enterprises, 
310 Hotel Manger, Cleveland 14, Ohio. 

APRIL 17 -19 
Southwestern IRE Conference and Show. Spon- 

sored by Region 6 of IRE. Dallas Memorial Audi- 
torium, Dallas, Texas. Details from Prof. A. E. 

Salis, EE Dept., Arlington State College, Arling- 
ton, Texas. 

International Conference on Nonlinear Magnetics. 
Sponsored by IRE and AIEE (IEEE). Shoreham 
Hotel, Washington, D.C. Program information 
from J. J. Suozzi, Bell Telephone Lobs., Whip. 
pony, New Jersey. 

APRIL 23 -MAY 2 
London International Engineering Exhibition. 
Sponsored by Industrial & Trade Fairs Ltd. Earls 

Court and Olympia, London. Details from Press 

Office, Commonwealth House, New Oxford 
Street, London, W.C. 1, England. 

APRIL 24 -26 
Seventh Region Technical Conference. Sponsored 
by Region 7 of IRE. San Diego, Calif. Details from 
George C. Tweed, Jr., 8080 Pasadena Ave., La 

Mesa, Calif. 
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Instrument -savings up 
to 50%. 
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Stereo HI-F1 
Complete selection of 
components and sys- 
tems; latest All -Tran- 
sistor equipment and 
Stereo Multiplex FM. 
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- _, Complete recorders, 
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and pre- recorded tapes 
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Transistor, FM -AM Radios 
Best buys in all types of 
compact transistor 
radios, including quality 
FM -AM portables. 

Ham Station Equipment 

PLUS 

Largest selection of 
receivers, transmitters, 
antennas -everything in 
Ham station gear. 

f 

Citizens Band Radios 
Latest 2 -way radio -no 
exam required -com- 
plete selection of top - 
value CB equipment, in- 
cluding Walkie- Talkies. 

Phonographs & Records 
Big values in phono - 
graphs; latest stereo 
portables; famous - 
brand records at amaz- 
ing discounts. 

Test Equipment 
Save on every type of 
instrument for home or 
professional use -all 
leading makes available. 

PA Systems & Intercoms Top values in Power Tools, Soldering Guns, Hardware 
Biggest selection of TV Tubes, Antennas; Parts, Tubes, Transistors, Books 

satisfaction guaranteed or your money back 
NO MONEY DOWN: Now! More Buying Power with Your Allied Credit Fund Plan! 
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EW Lab Tested 
(Continued from page 24) 

Treble Tone Control Range (15 kc.): 
=14 db, - 21 db versus 32 db total (10 
ke.). 

It is evident that the KX -200 meets 
or exceeds practically all of its perform- 
ance specifications. The principal devia- 
tion is in the power response where we 
use a much more stringent test method. 
However, the plotted power response of 
the KX -200 is very uniform over the 
entire audio spectrum. Intermodulation 
distortion is shown in the accompanying 
graph. 

The construction manual for the am- 
plifier made enjoyable reading, even 
though we did not construct the unit 
ourselves. It is written in an informal, 
conversational style, devoid of stuffiness. 
Correct soldering and lead dressing pro- 
cedures are clearly explained and illus- 
trated by photographs. Each of the 20 
stages of the assembly has its own page 
and fold -out pictorial drawing. The parts 
used in each stage are separately pack- 
aged. 

The assembly and wiring instructions 
for each stage tell the builder what 
portion of the circuit he is wiring, and 
cautions him on possible pitfalls at criti- 
cal points. At intervals in the procedure 
there are suggestions such as "take a 
break" and "there are a few more hours 
of work remaining, so don't try to finish 
it tonight." The construction time for 
the unit we tested was 101i hours, which 
is quite reasonable for an amplifier of 
this complexity. 

In listening tests, the considerable 
power reserves of the KX -200 were ap- 
preciated, since it drove a variety of 
speaker systems at high levels without 
signs of strain. The exceptionally uni- 
form power response assures that the 
amplifier can drive almost any speaker 
system throughout the audio spectrum 
without risking distortion or overload. 

The Fisher KX -200 sells for $169.50. 
Metal or wooden cabinets are available 
at extra cost. 

"Well, for one thing, the data on this 
tape happens to be about 1200 feet of 

Frank Sinatra... . 

December, 1962 

SUPERIOR 
PERFORMANCE 

3 
MOTORS 

3 
SPEEDS 

3 
HEADS 

73 PRODUCTION COMBINATIONS 
For HOME STUDIO RECORDING LAB 

Tops in Performance per Dollar! 

Write Dept. EW -1262 for person- 
alized information on your spe- 
cific needs. 

STR 
CARLISON 64 WATT 

STEREO AMPLIFIER SALE 
REGULAR McGEE'S 
$199.50 PRICE 99.95 

McGee Special Carload Purchase Sale! Newt Factory 
n 104 watt 132 tt, per channel' + o.HIFI 

'Audio Amplifier. a2(3,10Ì ASION1.n. It's all there Is In 
óRallly and value. Made to 11 at S200.00,r McGee ,, tiúm fer Only SOLIDS. Metal cover, $5.95 eaten. Works 

I HIFI '.,,kr +t. Only 500 to sell. order 
' 1,11,PIng !weight. 3-2 Ibn. 

n 

"Ñdn tinn offer:.SSIt.1180. 114 waft c amplifier will, Gar Type "A.'' Shure 5171/ cartridge and 
two . ephena 120FR iderange 12' speakers. all 
Die Only $2$3.40. 
Wno,l ha -e for Type A. 54.95. 1-R53. 45 RPM spindle. 
53.80. ueW.ald \BUZII, Am selpowered tuner. 
$54.50 extra. 

SPECIFICATIONS 
The StrombergCarlson ASR 880 is 

n 
of Inc most 

powerful stereo amp!, tre,S available at any price. Designed with the flexibility of d Ording Studio 
O trol panel, each channel has individual tone con- trols and professional mixer-type Separate volume 

controls which Operate In conjunction with Inc master ain Control. Specially engineered Output transformers 
utilize massive, grain- orienteO Steel for 
eeptionally good low frequency power handling with minimum distortion. In rating the ASR880 a leading 
test laboratory reported "A pleasant surprise came In measuring the power Output of the ASR.88O. Each tban eltl livered 50 watts at 2; harmonic distor- 
ion. or 48 watts at 1; distortion. this is unusual 

In amplifier area at 32 watts per channel. Only 0.6 or 0.7 millivolts at the phono inputs will drive 
the amplifier to 10 watts output per channel. AI 
normal gain settings Of the unit the hum level is 
Netter than 70 db below tO watts e on phone 
has 
input. This 

combination 
eof Inaudible. 

high gadin 
an 

very 
low hume The amplifier hast number of 

and 
speC al 

features such as channel output and a very effective nel. balancing asystem, well as the 
usual stereo functions found in all good ampli tiers. Sensitivity: Tuner. 0.2V: Magnetic Phono. 2.5MV: 
Ceramic Phono. 0.4V. Input Impedance: Tuner Aux.. 
1 gohm: Magnetic Phone. 711 ohm: Ceramic Phono ' Tape. 2.2 m ohm. Output impedances of 4. 
8 and 16 ohms on both channels and 8. 16 ohms across 4 ohm taps on speaker. High imped- 
ance output for tapent order. Tone control range: 
Bass 50 cps, plus or minus 17 db: Treble 1205eí 

switched. Overall 
15 db. 

131 a' 
AC High and 13í']'e 

deep. Tubes: 4.7355. 2.7199, 4ECC83s. Gold finish metal front panel with gold Color Snobs. 
WRITE FOR McGEE'S 1963. 176 PAGE CATALOG 

McGEE RADIO CO. 
1901 McGee St., Kansas City 8, Missouri 

CROWN INTERNATIONAL 
Division of 

INTERNATIONAL RADIO 8 ELECTRONICS CORP. 
ELKHART, INDIANA 

TRANSISTOR 
IGNITION 

READY -TO- INSTALL CONVERSIONS 

YOU can get TOP MILEAGE, HIGI-EST PERFORM 
ANCE. LONGER POINT f: PLUG LIFE, BETTER WIN. 
TER STARTING, and MANY OTHER ADVANTAGES with 
one of our INEXPENSIVE TRANSFIRE systems. 
These include HERMETICALLY -SEALED AMPLIFIER, 
HIGH.RATIO COIL, BALLASTS, Leads & hardware. 

MODEL T 6 or 12v. neg. grd. $39.95 
MODEL 12 TWO TRANSISTORS, 

250:1 coil $44.95 
MODEL TP 6 or 12v. pos. grd. direct 

installation wo. insulating points $49.95 
MODEL TS Special, 40kv system $59.95 
MODEL TS? TWO TRANSISTORS, 

400:1 coil $49.95 

TWO- TRANSISTOR KITS Everything needed to build 
conversion. Includes transistors, coil, ballasts. 
heat sink. decal, etc. 

KT2 with TX250 coil for 30kv output . $34.95 
KTS2 with T400 coil for 40kv output . $39.95 

6 or 12v. Negative -ground only. Point insulation 
kit adapts to positive ground, $2.50 pp. 
1 oz. Epoxy potting plastic in mixing bag $1.95 pp. 

HIGH -RATIO IGNITION COILS with free circuit dia- 
gram. 

TX250 Heavy duty coil 250:1 ratio $ 9.95 
1400 HIGH EFFICIENCY 400:1 coil for 

HIGHER OUTPUT and'or LOWER 
TRANSISTOR VOLTAGE $14.95 

FULL LINE of PARTS at NET PRICES. 
Free lists. Dealer opportunities. Marine models 
available. When ordering. specify voltage and car. 
Add postage for 4 lbs. on kits and cony's; 3 lbs. on 
coils. $5.00 deposit with COD'S. 

PALMER ELECTRONICS LABORATORIES Inc. 
CARLISLE 12, MASS. 617 -AL 6 -2626 
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COMPONENTS TOOLS TEST EQUIPMENT HI -H AUDIO CB HAM COMMUNICATIONS 

New Products 
and Literature 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, simply fill in 
the coupon appearing on page 15. 

TRANSISTORIZED SIGNAL TRACER 
1 International Representatives Corp. is han- 
I tiling the U.S. distribution on a highly sensi- 

tive. rapid -testing signal tracer. the "Minitracer." 
made by Unified Development Corp. 

This self -contained. transistorized unit pin- 
points defective components, locates electrical 

hum, mechanical t ibtation. and other sitol func- 
tion. in . \\I and FM radios, TV sets, communica- 
tions equipment, servo -control circuits, and other 
industrial gear. 

It is being offered in "laboratory and indus- 
trial" and in "general service" versions with the 
latter not including the transducer, inductor, and 
microphone probes. 

ELECTRONIC IGNITION SYSTEM 

2 
Palmer Electronics Laboratories, Inc. is now 
offering a transistorized electronic ignition 

which has been trade named "-I'ransfire." 
the company is offering two unassembled kits 

of parts for the build -it- yourself group or in fac- 
tory assemble) versions for a variety of marine, 
am tomot ive. and police applications. Depending 
on the model, the kits include coil, blank ex- 
truded chassis, two transistors, one or more VR 
diodes, ballast. resistors. leads, screws, terminals, 
transistor mounting kits, decal, and c plete 
instruc - details. Since various models arc 
available for 6- and 12 -volt systems, positive- or 
negative -ground, details should be obtained from 
the manufacturer before ordering. 

COLOR -TV DEGAUSSING COIL 

3 
Stancor Electronics, Inc. has just introduced 
a new degassing coil for color TV servicing 

which features rugged design for maximum con- 
venience and usability. 

the Model DGC -I00 includes a 10 -foot line 
cord with line switch at the coil end. This elim- 
inates the treed for repeated plugging and un- 
plugging from the a.c. line. 

FIBRE OPTICS CRT 
4 General Ant ronics Corpora has developed 

a new fibre optics cathode -ray tube for use 

in nuclear energy studies. The 7" round -face 
tube, Type \11036, permits rapid recording of 

88 

information displayed against highly atutrant 
reference lines which have been applied directly 
onto the rectangular fibre bundle surface. 

Accuracy of the reticle is better than a teeth 
of the spot size. which is sufficiently small to 

resolve 111110 lines per inch. The tube can be cus- 

trnnizetl for specific applications. including photo- 
graphic recording of rapid single or repetitive 
events superimposed on a known accurate co- 

ordinate system of the user's choice. 

PORTABLE TEST INSTRUMENTS 

5 
The Triplett Electrical Instrument Co. is 

now offering a new line of a.c. and d.c. port- 
able instruments engineered to laboratory ac- 

curacies. 
The d.c. portables feature the company's na- 

pe movement (no pivots. no bearings, no 

hairsprings. thus no rolling friction). Other fea- 

tures are a 6-13/32" mirror scale, knife -edge 
pointer, and fully open meter front with top 
and side natural lighting. The unit measures 
7W'x6- 7/16 "x31 " with carrying handle attached. 

U.H.F. CONVERTER 

6 
Gavin Instruments, Inc. is now marketing 
the Model G -2 u.h.f. converter which features 

a long -life. low -noise nuvistor circuit. The com- 
pany claims that this new unit provides 50% 
more picture power than other single4ube con- 

verters. An isolation transformer provides a cold 
chassis for safety and service. The built -in u.h.f: 
v.h.f. coupler permits use of the existing v.h.f. 
antenna and transmission line. 

SUBMINIATURE CAPACITOR 
1 Erie Resistor Corporation is now offering a 

new line of subminiature tubular capacitors 
which have been specifically designed for use in 
industrial and military equipment. 

General specifications of the Style 390 include 
a capacitance range of 5.6 through 1200 µµf.: 
tolerance ±10%, ±207, or GMV depending on 
capacitance: working voltage of 100 at 85 degrees 
C or 50 at 125 degrees C: and MIL specifications 
meeting or exceeding 5111.-C-11015. 

MINIATURE R.F. CHOKES 

8 
Nytronics, Inc. announces the availability 
of a line of r.f. chokes that meet MIL -C- 

15305A, Grade I. Class 11 specifications. 
These epoxy encapsulated inductors come in 

three sizes to fit design requirements: 90" 
long x .31" diameter and inductance values f 
i to 10.1100 phy...60" long x .25" diameter with 
inductance values from 1 to 1000 phy., and .4l" 
long x .I6W' diameter with inductance values 
from .1 to 100 (thy. 

DIODE TESTER 

n 
Disc Instruments. Inc. is now marketing a 

new dioee tester which provides direct con- 

nection to all standard oscilloscopes for display 
of E -I curves for zoner, computer. power, and 
tunnel diodes. 

Forward current and reverse voltage on the 
tester is continuously variable through five ranges. 
Push- button control allows rapid forward and 
reverse testing. Reverse leakage and forward 
current is controlled to prevent overloading by 

use of limiting circuitry. 
The Model 11151) operates on 117 volts a.c. and 

measures 544"x8 "x71/2'. 

STRAIN -GAUGE LOAD CELL 
lUBraincon Corp. has developed a new silicon 
semiconductor swain -gauge load cell for use 

its measuring and monitoring tension of ecpiip- 
ment used in a wide variety of undersea appli- 
cations. 

'hhe i'ype 210 load cells are available for force 
ranges from 0-100 and 0. 1110,000 pounds. The cells 
utilize piezo- resistive silicon semiconductor strain 
gauges with temperature c pe cation. Their de- 

sign provides output levels of 250 mv. which drive 
indicators and recorders directly without compli- 
cated electronic amplification. 

WIDE -BAND VOLTMETER 

11 
Keithley Instruments is now offering a new 
electronic voltmeter which measures signals 

from 70 pv. to 300 volts over a Il) cps to 100 me. 
spectrum. 

Designated the 
Model 120, the circuit 
employs u.h.f. transis- 
tors in the amplifier 
circuit to achieve a 

bandwidth 211 times 
greater than that of 
s-.t.v.m.'s. The instru- 
ment provides ranges 
of I my. to :N00 v. full - 
scale, rise time below 
6 nanoseconds, noise 

on the 1 mv. range within 70 pv., and full -scale 

output of 200 nn . on all ranges. 
The unit measures ills "x 71 "x 133'i" and 

weighs 17 pounds. Input requirements are 105- 

125 volts or 210.250 volts, 51) cps -400 cps. 

12 

IN- CIRCUIT TRANSISTOR TESTER 
American Electronic Laboratories, Inc. is in 
production on an in- circuit transistor tester 

which incorporates automatic lead finding which 
eliminates the nef to k lead configuration. 

The instrument will test transistors both in- 
circuit and out -of- circuit. It checks for opens. 

shorts, and no gain. It will handle virtually every 
type of transistor including power, switching. 
small- signal, junction, alloy. point- contact. and 

military types. Results aire indicated by lights. 
The instrument operates from a standard 117- 

ELECTRONICS WORLD 
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GROOVE -GAUGE BOARD 
Miniature Vert ronit (Art nits, Inc. has sir 
'.eloped the GG (groom- gauge) hoard W hit It 

is said to tt,tnhine the advantages of haul wiring 
and priwlrd 6.,:111. .1 hr hnavd etiliu-s shoat 1.11 

gauge stile rmotor tin s iwbrddc11 ill milled 
g1 rime.. I hest tilo tmotto mota ter min. la ill 
suldcrrd csrlels \n. st :uul.ud PhrnaIit .a rlattsr 
base ola tri tal ma. be .pet died. 

AUTOMATIC CABLER 

1 

A The 7ipprn obino t onyi.ua li.a- lt ,t Inla,tl a t uric .1110111.11 it t l0,1 m; .an' st .11inq 10.,1 I 11:1 
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Willi ihr tits 11.111.1 111.1d 111111. wile. . atut.- 

litaiica1ls is 1.1 purl in the jacketing and scaled 
Willi s 

l 
alct 5 Loomis l.. l he ton slip bandit- 

of the tool isadcsig,t-iI lei moils.l:abi, giiiping. 
The suald tont, i mal ill Ihr hood lc and : 

!onion room.' releases it in ("liar t .nuinn1s :nut 
ol(trs pu,it is. r111-011. ihr 1001 isrll is ntad1- ul 
brass, tool so el. anti ,dominion. 

NEW TYPE CONNECTOR 

15 
Pyiou Gp n nnm)y, Ina. ha, retells is in .1111,,t 

J a ncW hpr ul t-lcn t ìc' t.nutlnr st ili( It has 
been Ir :idan :rl nel -S11:111.- 

l hr unir ansìsls ill a I1,11í.11. rondo, li sr 
elasonner lfndet ss hit it proti tilt'. Moto Is loom 
a loose lilting conta Mel I he iLnlonat r t. lini rl 

is hce t. sua11l 1.111 i.111% Ili IC c.naprc.cd as- 

i:lls Su 1 114 ..lien umnruitna i5 nt:ulr. a grill lc. 

uo5ilis tlin- :nea tontau is Al 

1 lae 00111.1101s .11 1- uniinnriI dioned luir each 
app'iraliun with ttnlatl di.uncicn mooing from 
I/:;'" llmuuob 1 a .n.iiLibl1-. 

DIGITAL COMPUTER KIT 

1 

11 Ss ientilit Ue.rlol ill (or uut.l inn is 11411V 

o httiug .1 lulls 11 an.isis,i ü,ul digital nnn- 
puler in kif lut 111 as lilt' 

Ur. elnurl uiimacil. :Is a Iran lino lr. ire. the 
twit lees II:ln.i.101 in.,' -nul'- tilt titi. . Mond in 
maw. tonui,n 1.11 1011111111, s. lu dc11141,1 ale all 
bait 10111 1/1111.1 nprn111011 . I he kif toots (I nl. 
oleo. with detail,' .srembh hem maim. and a 

eonylobcn,isi nl.uul.11 listìuo iller IUU rspevi. 
ni,nts and utuganus tnlrling l und :11ncn l:11s ul 
1011111111 11' let 11110l0,\. \\ lino .1,,p1111111,1 Ibc 11101 

nt(A,11t IG "'s l "s;t 

11 

INDUSTRIAL RECTIFIERS 
Imre n.ttiun.tl Itrt Eihof (ill po1.uiun is not 
oll rtino .i II, .s .t1 les III 7 .amp motioned 

rat ifit-a5 whit la lam. lern 't .it 'laud I sues 
1 \I,;. \ -"_ \1- \ Ihr 0p, alaMg temperaunr 
1 :nagt is Ist tl. -,t rr. higlni than aha uriginalb 
1gi.tt at'' _\ 1 771 .a rat 

t)115 i.iting lrml net .tm.r laligi low Ilu- oat 
is is tu - ISn 'co weis (. I h\ allow operation 
In lud dcgi res (: st 1111 trill pr 

a.111111- 

al 11111 111 1 rill 
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rati 1, Ira nn lutrt W111141.11 111c 
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PRINTED CIRCUIT SWITCH 
(.Ili, ago Ss. ill h Uiiiio list. just i111 1u1111(r11 

at, malt' prin(rd tilt ail sa ilrh. ihr 
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HI -FI -AUDIO PRODUCTS 

STEREO TAPE RECORDER 
1'11 i l rd \ 111161 1'1011111 Is has 1,1'11115 inha- 
t1wr' a nt'.. '.t'ont, I l oe rccurdcr as the 

\bole! I (. -12 -Sil. 
1 lie insu umrnt pros ides lutin 11.0 k .t1- tro /manu 

Ill ord :1111 plis bark and .per.! es on Muer 
speeds 11 -... 1.7. and ;. ipsi. . \II loot lions are 

24 HOUR SHIPMENT 
On One Year Guaranteed 

RADIO & Tv TUBES 

100 TUBES OR MORE: 

30c 
PER TUBE 

EACH TUBE LIFE AND MUTUAL CON- 

DUCTANCE TESTED. INDIVIDUALLY 

6 HANDSOMELY BOXED & BRAND 

ED. TUBES MADE IN USA ONLY! 

024 3CS6 
1B3/1G3 3CY5 
113 3DK6 
1R5 3DT6 
1S4 3S4 
155 3V4 
1T4 385 
1U4 4AU6 
1U5 48C8 
1V2 4807 
1X2 4858 
28N4 4826 
2CY5 4BZ7 
3A3 4CB6 
3AL5 4CS6 
3AU6 4EW6 
3ÁV6 5AM8 
3BC5 5AN8 
3BE6 5405 
3BN4 5ÁS4 
3BN6 5A18 
3BU8 5AN8 
38Y6 581(1 
3826 5887 
3C86 5BR8 
3CF6 5CG8 

5C18 
5C 08 
516 

518 
5U4 
5U8 
5V3 
5V4 
5X8 
5Y3 
6A B4 
6AC7 
6AF4 
SAGS 
6AH4 
6AH6 
6AK5 
6A15 
6AM8 
6AN8 
6A05 
6A07 
6AR5 
6AS5 
6ÁS8 

6AT6 
6ÁT8 
6AU4 
6AÚ5 
6AU6 
SAUB 
SANS 
SANS 
6AW8 
6AX4 
6AX5 
6BA6 
6BA8 
6BC5 
6BC8 
6BD6 
68E6 
68G6 
6BN6 
6BR8 
6816 
681(5 

6BK7 
6617 

FREE BONUS OFFER 

TERMS: All orders over $5.00 postage 
tree. Under SS. 00 add 501 for postage and 
handling. Send 755, Oeposw on all COD 
Orders. Canadian and Foreign Orders. send 
approximate postage. All Orders subject to 
prior sale. 

December, 1962 

Genuine Leather Hand Tooled Key Case 
Yours Free with every order of 25 

Tubes or more. 
NO TUBE SUBSTITUTIONS MADE 
WITHOUT YOUR PERMISSION!!! 

Tubes are all guaranteed and field tested new, factory seconds or used tubes and are so marked. 

68N4 
6BN6 
68148 
6805 
6886 6C U6 
6807 
6BR8 
6BS8 
68U8 
60X7 
68Y5 
6BY6 
6826 
6827 
6828 
6C4 
6C86 
6CD6 
6CE 5 
6CF6 
6CG7 
6CG8 
SCHI 
6CL6 

6CL8 
6CM7 
6C N7 
6C08 
6CS6 
6CS7 
6CU5 
6CU8 
BCXB 
6CY5 
6CY7 
6C25 
6DA4 
6DE4 
60E6 
61166 

601(6 

60N6 
6D 06 
60117 

6016 
6EA8 
6E88 
6EM5 

6E M7 
6E55 
6EU8 
6EW6 
6GH8 
6GM6 
615 
616 
61(6 

616 
6S4 
6SA7GT 
6SC7 
6SH7 
6SK7GT 
6517 
6587 
6507 
6T8 
6U4 
6U8 
6V8 
6W4 
6W6 

6X4 
6X6 
7A8 
7A U7 
8AW8 
8805 
ICU 
8C X8 
9AU7 
10DE7 
10DR7 
11CY7 
12AD6 
12AF6 
12A05 
12AT6 
12AT7 
12AU6 
12AU7 
12AV5 
12AV6 
1241/7 
12A%4 
12AX7 

If not shipped in 24 hrs. 
YOUR ORDER 

FREE! 

12AZ7 
1284 
12BA6 
12806 
128E6 
1214E6 

128117 
1281(5 
12816 
12806 
12BR7 
12BY7 
12827 
12C A5 
12CU5/12C5 
12C X6 
1204 
12006 
121(5 

1216 
12SA7 
12SK7 
12SN7 
12507 
121/6 

12W6 

12X4 
13DE7 
13067 
17AX4 
1704 
17DO6 
19A U4 
19BG6 
254X4 
25886 
25CD6 
25D N6 
2516 
25W4 
2526 
35A5 
3585 
35C5 
3516 
35W4 
3525 
5085 
5005 
5016 
11723 
11726 

ATTENTION 

QUANTITY BUYERS 
Ask for Special Discounts 
Write for 'Private Brand' Deal 
Submit your Tube needs for 
price quotation 

CORNELL ELECTRONICS CO. 
Dept. EW -12 4217 University Ave., San Diego 5, Calif. Phone: AT 1 -9792 

CIRCLE NO. 156 ON READER SERVICE PAGE 89 
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why 
this 
quarter wave 
CB whip 
is only 

96" long! 
In WONDEROD - 
Style 10 -3 - Shake- 
speare fiberglass con- 
struction dielectrically 
loads the conductor and reduces 
the velocity of electromagnetic 
propagation. This gives a phy- 
sical shortening effect similar to 
that of a coaxial transmission 
line. You need only 96" of 
WONDEROD to get the efficien- 
cy of a 102" metal whip. 
Shorter length is just one WON - 
DEROD advantage. In addition, 
it insulates to reduce hazard of 
operating under live wires; 
won't corrode or rust ... is light 
weight; has more flexural and 
impact strength. 

p COLUMBIA PRODUCTS COMPANY 
Shakespeare Co. Subsidiary, Columbia, S. C. 

CIRCLE NO. 114 ON READER SERVICE PAGE 

NETO ELECTRONIC 
V.T.I. training leads to success 
as technicians. field engineers, 
specialists in communications, 
guided missiles, computers. 
radar and automation. Basic & 
advanced courses in theory Sr 

laboratory. Electronic Engi- 
neering Technology, an ECPD 
accredited Technical Institute 
curriculum. Assoc. degree in 
29 mos. B.S. also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Feb.. 
Sept. Dorms. campus. High 
school graduate or equivalent. 
Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 

90 

actuated by fully mechanical push -buron con- 
trols. The circuit includes automatic shu l'off and 
a 10 -watt dual amplifier. There is direct output 
for use with hi -fi comixment systems. \lonitoring 
facilities are provided on both channels while 
automatic locking prevents operating errors. 

The two speaker systems are incorporated ated in 
easily removable top and butt lids of the carry. 
ing case. The instrument is housed in a two-t1110.' 
case measuring 19 "x13 "x I0" and weighing 32 lbs. 

20 

HIGH -EFFICIENCY SYSTEM 
Electro-Voice, Inc. has re- inooduced its 
"Patrician 81111" high-efficiency speaker sys- 

tem in a nets and redesigned version. 
Featuring a solid 

cabinet of one.inch- 
thick wood through- 
out. the system in- 
cludes a 30" woofer to 
provide increased ef- 
ficiency and extended 
bass response. .\I- 
Ihough designed for 
corner operation. the 
system can be placed 
in almost any roost 
location without seri. 

lv hampering its 
overall performance. 

Frequency response is 20- 31.11011 cps and the 
ss stem will handle 1110 watts of program ma- 
ul iad. Above 100 cps a second 12" mid -bass 
speaker provides matched high elliciencs anti un- 
colored response. Above 8110 cps a new -1250 
treble driver takes over with the final brilliance 
added by the T350 v.h.f. driver operating from 
:i-d10 cps to beyond audibility. 

TRANSISTOR ORGAN KIT 

21 
11,1111 (:omp:uty is nut oar-ring a kit version 
cal Ihc - Fhum.0 n.msinn organ as the Model 

(all -232. 
The instrument includes ten true organ voices, 

variable bass pedal volume aware!, manual bal- 
ance control, variable vibrato, an expression 
pedal, 13 -note heel and toe bass pedals, over- 
hanging keyboards. 20 -watt peak power amplifier 
.o hl speaker system, all housed in a hardwood 

o ,third which measures 341/2" high x :I!13" wide 
s 21 1 _" deep. 

100 -WATT TRANSISTORIZED AMP 

22 
.\hied Radio C.orpor :u ion has announced the 
availability of its "Knight KN. 450A," a fully 

transistorized 100.watt stereo amplifier. 
I)esigned to drive any speaker up to Ifi ohms 

impedance. the new Unit features a cool- running 
I8- transistor circuit with two silicon rectifiers pro- 

siding increased reliability and instant warm -up. 
The circuit features military -t pc terminal 

board wiring, 13 controls. and 50 watts per chan- 
nel IHF\I music power (based on bohm speaker 
impedance). Frequency response is 20- 30,0011 cps 
± 0.5 db. ilarnumic distortion is 0.5% at rated 
power. 

The instr cot measures 314 "x l3r /s "x 121í" 
and c s in a dark brown textured metal case 
with polished brass control panel. 

min'upNhuOnIc 

S 

sChAicNh t 

MIKE 

23 aed 

elod 

epseid g na e d 
mobile and fixed -station use in areas of high vul- 

background noise. 
The Model 488 "Sono -Bar" provides highly in- 

telligible speech communication while cancelling 
out unwanted background noise in such typical 
noisy installations as airplanes, helicopters, mo- 
torcycles, trucks, etc. The unit incorporates the 

firm's patented 'controlled reluctance" cartridge. 
Correct placement of microphone for "close -talk" 
is assured by the rubber lip guard mounted on 
the unit's performed grille. 

Three Lei -nuns are currently available: high 
impedance. low impedance, and transistorized for 
direct replacement of carbon microphones. 

24 

NEW ANTENNA FOR FM 
JP!) Electronics Corporation has added a 
t rams istorizel electronic FM antenna, \lotlel 

l V'fF \I :l511G -:\C. tu its line of "Stereo -cone" 
units. Des eloping 34 ill, gain, the rated operating 
range is said to be up tu 21111 miles. 

1 he new antenna features a built -in transistor. 
ized amplifier fur increased signal -to -noise ratio 
on all FM frequencies 88 to 108 inc. The ampli- 
fier is integrated in to the ricin -driven dipoles of 
the antenna where it amplifies ENI mono and 
stereo signals at the point of interception. The 
six wide- spaced antenna elements are Mills 
tuned and phased to pinpoint distant I \I star 
lions. eliminate interference, and [timid, full 
limiter action. 

25 

TRANSISTORIZED STEREO PREAMP 
lannan-Kaudou, Inc. is now marketing an all- 

transistor stereo prcantp as its "Citation A." 
According to the company. the new prcantp has 

uniform frequency response from I lo 1. 11011.11011 

cps. The unit has two individual power switches, 
: six -position function selector, a five -position 
node selector, blend control. and separate turn- 
( ver and roll -off equalization controls. Separate 

front -panel tape head controls adjust equaliza- 
tion for any tape head, irrespective of age or 
tape speed. 

Also included are step -type tone controls for 
each channel, a zero to infiniis balance control. 
run tullir and channel reverse sss itt Iles. low- cut and 
high frequency filters anti :t switI h that permits 
monitoring of tape while rearding. l'her'e are 
four train preaunp nutpuls. one center -channel 
output, and two tape nut Inns for recording, 

26 

SOUND COLUMN SPEAKERS 
The R. T. Kozak Shunit.n tiering Co. has an- 
llounoed the asailabilirs of a new series of 

sound mluntn speakers es i' ''is designed for use 
in auditoriums. I hea lei s. outdoor stadia. halls. 
and other large -anthem:. areas. 

1 he new units feature groupings of the com- 
pany's \I I09 outdoor speakers arranged in ver. 
tical array and enclosed in weatherproof baffles. 

21 

CB- NAM -COMMUNICATIONS 

S.W.R. BRIDGE 
Lafayette Radio faro uemius Corporation has 
added an S.W.F. bridge and r.L power meter 

to its line of test equipment for communications 
and ham use. 

The T\I -38 provides s.w.r. and direct.pxmwer 
readings up to ro no. It may be inscrtcl perma- 
nently in the transmission line for s,w.r. and 
relative power mmnitoring. \then the 3- position 
selector swi ltIi is set to "Power." the meter will 

ELECTRONICS WORLD 
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indicate r.f. power up to 15 watts. into a built -in 
52 -ohm dummy load. Full -scale accuracy is 10' ; ;. 
The meter has a 50 -µa. movement, calibrated 
directly in watts from 0 -15 and in s.w.r. from 
I to 4. 

28 

TELEMETRY ANTENNA 
Technical Appliance Corporation is now 
offering circularly polarized, manually 

' able parabolic antennas in 4, 6, 8, and 10 
for of diameters. 

Each of the antennas. which operate in a fre- 
quency range from 940 -9811 Inc.. is of all -aluminum 
construction and includes hvd rofornted ribs ex- 
tending from a hub at the vertex to the outer 

edge ul the relics r. 1 he tubular tirs undercut ial 
rings are welded to the ribs to insure rigid strut- 
turc and excellent windload characteristics. 

29 

TRANSISTORIZED CB UNIT 
Cadre Industries Corporation has added a 

5 -watt transistorized transceiver to its line of 
(:B equipment. 'I he Model 510 is adaptable for 
field use with its own portable power pack with 
rechargeable batteries. Audio power is a full 2.5 
watts. 

The instrument is M43" high x I l 4" wide mak- 
ing it suitable for installation in a car or on a 

H/ FI e 2rfReo 
COMPONENTS' 

ANO 

desk. There are five receiving and five transmit- 
ting channels plus full receiver coverage of the 
23 CB channels. 

The circuit uses 18 transistors and 8 diodes. It 
has a dual built-in power supply. 

NEW "HANDIE- TALKIE" 
)totorola's Communications Products Divi 

du elan has just released a fully transistorized 
porlablc F sl two -way radio which weighs only 
33 ounces. 

The new "Handle -Talkie" portable radiophone 
features a powerful transistorized transmitter and 
highly sensitive receiver. The unit is especially 
designed for police and fire departments, rail- 
roads. construction companies. pipeline firms and 
utilities. governmental and industrial organiza- 
tions. 

-tile unit is powered by a single mercury cell 
or rechargeable nickel cadmium battery. 

COMPACT TRANSCEIVER 

31 
ITT Kellogg lias announced the development 
of a tiny, compact radio transceiver which is 

no larger than a package of cigarettes. 
The 9 -ounce "KeI- O -Rad" unit provides hands - 

free two -way voice communications in a variety 
of severe military and industrial environments. 
The transceiver consists of a single package con- 
taining a crystal -controlled transmitter and re- 
ceiver powered by two rechargeable batteries. 
The unit is attached to the user by a clip. light 
belt, or nylon cord. '111e original connection of 

December, 1962 
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/NW C /9TE0 
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/S* 7/Me 

30 
PAGES OF 
BARG-A /NS' 

NOT IN "Air 
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CATALOG 

RUSH COUPON 

TODAY./ 

BURSTEIN- APPIFBEE CO. Dept. M, 
1012 -14 MsGee St., Kansas City 6, Mo. 

' T] Rush me New 1963 B -A Catalog No. 631. 
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CIRCLE NO. 109 ON READER SERVICE PAGE 

itellittl VALUE EVER OFFERED! 
$200 HEARING AID (as shown) -Your Price ... $2 
We S - I the \I ..t on 15000 of these NEARING AIDS from one of the Lead- ing Al ,: eturers name withheld, who switched to the Transistor Type. 

Each ill._\ItING AID INSTRUMENT is a Complete AUDIO AMPLIFIER 
and inr lodes -a CRYSTAL MICROPHONE, 3 SUB -MINIATURE TUBES 
and a Superb Beige Phenolic CABINET. 
Indeed a TOP ITEM for the Experimenter -can be modified and con- 
verted to: RADIOS -INTERCOMS- TRANSMITTERS -SECRET LISTEN- 
ING DEVICES - MICROPHONE for Tape Recorders - PRE -AMP & 
MICROPHONE COMBINATION for Public Address Systems -ETC. 

5". 21A". 1 "- Shipping Weight 1 lb. 
Complete as illustrated -including a detailed informative 
SCHEMATIC DIAGRAM (less Earphone and Battery) 
Sold without limit or reserve! Order as many as you wand! Rush your order! 

BROOKS 84 Vesey St., New York 7, N. Y. 
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o *0.0.0.0.0 *00004,0 *0.0 
KEEP CANDEE HANDEE!ó 

CATALOG!!!¡ 
'O 

Hundreds of bargains in receivers,* 
transmitters. tubes, test equipment.° 
accessories. Send for your FREE* 
copy today! 0 

BUTTERFLY COND.: good for NO.30u Mc tj 
O Hex 52.950 

CANDEE'S ARC SPECIALS 
OR11128V1 Iii-550 KC. Exc. cond.... $44.950 
529429V) Ile :lux MC. 5:xe. Como1.... S49.99 

522(28V1 54 u-1amo KI', Exc. c d..... wow* 128V. dynamotor) Exc. cond..... S 9.952 i10A 128V. filter-amplifier) Exc. cond.. S39.95Ó 

AN /APR /AN/APR-4 RECEIVER: 
R CYR IL TUNING UNITS 

Oattalned by S101ouN Plug in lie::dn. ESecl 
TN.s6 TUNING UNIT: Ereq.: 38.115 51c, 

591.95 
O Excel . .. 34.95° 78.17 TUNING UNIT: Freq.: T -/ -aíÓ Mc. 

E 1 34.950 OTN -18 TUNING UNIT: Freg.: 3f1Ó -i Óllti Mr. E:xrrl. .. .... 38.95 
0'N.19 TUNING UNIT: Freq.: 073 -2240 

1 

68.95. 0 

Ó VN -5Fxc 
UNING 1lie T: Freq.: 2150.411u1I 

148.950 

1 APX -6 TRANSPONDER 
^slats of a super -bet rereirer and pulse trans. miller. for ncuration from 115!1.1215 Mc. With, Innr modification. will operate great o 12150 °we. Excellent condition. Only 1$19.95 WAS IS: Minus minor parts 14.95. 0APX0 CONVERSION 1100KIET 1.300 

INDUSTRIALS: we solicit your inquiries for a 11it Otrora of Test E t quipmen Speedy answers! O 

HEWLETT -PACKARD 803A VHF BRIDGE 

°For 
measurement r VHF ImPedane,, $595.00 .SW8. Freq.. 511.51i0 Me, Excellent 

MEAS. CORP. MOD. BO SIG. GENERATOR Freq.. 2.400 Me. In Ii bands. AM and ;395.00o rulae modulation. Excel. condition. . 

LM FREQUENCY METER ° : 
m . 

with matching calibration books. $475O Excellent condition. Only ° 
TS- 239/UP OSCILLOSCOPE 

tage ,lic r :ninî0 O vole nrnLL,r timing marker generator .trigger generator. Has s 
WIf.104t:dnrd If ver `ol v "ply 104125 V.. 210 .. , 1100 cycles Al O 

ceet cnloll rrrles to s Mc. $99.50. 
Only 

COMMAND GEAR SPECIALS. All Excellent! 
OR23: 190.550 K,. 171(10 Is famous Q 5'er) 512.95 in-RS: 

3.0 Mc.c 180 imetersjmA. 
l 14.95 

°R -27: 
3.0 

Mr. 40 me 9.950 T1ß TRANSMITTER: 241.1 Mc. 
T -19 TRANSMITTER: :l -4 Mc. oT20 TRANSMITTER: 

4.95 
6.95 

M 4.950 T21 I:2 =MM S.:I.7 Mc. 4.95. 
O 

NP -4758 TUNEABLE BOLOMETER MOUNT O 
Óohm 0.85ÌaÌ Késtrllmra into juif or121111 ó l'1.010m 
eler. Cont. tuneable. 1000 -.Inn) .Mr. n$60976.4 
°Used, excellent rond 

AII items FOB Burbank, subject to prior sale. In4 
°Calif. odd 4%. Min- order $3.95. o 

° Je J CANDEE CO. Dept. EW O ° 509 No. Victory Blvd., Burbank, Calif. 
Phone: Victoria 9 -2411 O 

S0.O.oo.00.0.0.o.0.O.0 
CIRCLE NO. 111 ON READER SERVICE PAGE 

Send for NEW 
FREE CATALOG r 962 

with oscillator 
circuits 

Citizen Band $2 95 

Class "D' Crystals 
CITIZEN BAND CLASS "D" CRYSTALS 

ara 1 tolerance - 
.et gall l (( ents. Hermetically 

sealed 1I1'ò /e holders I pin spacing. 
.0511 pins. (Add 15r per crystal for .093 
Pins). 

All 2:3 Megacycle fraqutneles in sock: 211.1111 
211.1185. 27.013, 27.015. 27.4(25. - 1:15. - 1p1í5 
27.075. 27.085.:7 .1,15. 27.115. 
27.1115. 27.175. 27.185. 2 I.,. _ -.215. 7.223. 

74atchéd crystal sels for ALI. to units (Specify equipment 
make and nrvael nurnber, I 

per set 

RADIO CONTROL CRYSTALS 
in HC6, U HOLDERS -SIX FREQUENCIES 

In .o el. ca. Imr,r.Ir(Ir Help. cry III eO ., nett" p, J, .I hI 

1ïß,0)iules l,drrnn,e .0U5 ,. 1..' pin P +cog. 
in diameter. (.003 Phis available. Mid 1Sc per 

.1: :I.1 Specify fr,Imney nv- ire, {. 
26.995, 27.045, 27.095, 27.1451 $ 
27.1951 27.25 .........., 

Z95 
and St per crystal for postage- handling4 

ENGINEERING SAMPLES Ind small quanta., t r rI ..pe- 
made at either Chicago or Fort Myers plant, will: 21 hour 

service. IN CHICAGO. l'lIONE Gt.adatone 3 -3555 

IF YOUR PARTS DEALER DOESN'T STOCK Tesas 
order direct ands n1 us his 

RUSH YOUR ORDER NOW TO 

tiTEXAS CRYSTALS 
Div. of Whitehall Electronics Corp. Dept. R -122 
1000 Crystal Drive, Fort Myers, Florida Ph. WE 6-2100 

I FOR SHIPMENT VIA FIRST CLASS MAIL AT NO EXTRA 
COST ATTACH THIS ADVT. TO YOUR ORDER! 
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cable is all shat is required. A voice.operated 
tl :ul.utit xK kill turns ell the transmitter when 
the user talks into the microphone. It is designed 
for operation in the 27.70 me. band. 

SSB CRYSTAL FILTERS 

32 
Recces -I Intim an Df sfsfun has int rod uet-d four 
singer- sidrh :uul ClV5I3l filters designed spa 

cili,i I IS for trictununun Ica t ion receivers with a 

Carrier frequency of 2i0.000 kc. Carrier attenua- 
lion is :10 db minimum for F2211 and F2212 and 

1realer IIlan 2f) db for the models F2213 and 
:2211. Models F2211 and 2213 are upper side. 

baud ispcs while the F2212 and F2214 are lower 
silt-band. 

Case dimensions are 1-5/16"x1.5/16"x 4" ex- 
cluding terminals. 

SSB TRANSCEIVER 

33 
liar Radio Corporation has recently intro- 

loved a nca' one -hand SSB transceiver which 
leauu'es It four-way meter function with "S" 
meter. transmitter p.11. grid, transmitter p.a. 
plate. and transmitter "a.ntc." 

known as the "Mono. Bander." the new unit 
Ives a 2.1 -kc. mechanical filter while the driver 
stages enlphiv electronic tuning. Separate models 
ale .ISailable for I0 -, 15., 21).. 40 -, 01 811-meter 
it Ind tilh tnuunereial frequencies available with. 
in Ihi. !dug, 

V.H.F. -FM RECEIVER 

34 
l'le. trou Corlmr :uioli has recently redesigned 
ils ' Pyrol" ullxlcl radio receiver for inn 

proved selrr fis its and sensitivity. 
%sailabie in 111111k. mist groin, red, blue -grey, 

,Ir st hilt', the romprait unit fr:uures lute operating 

cost. remote speaker outlet. attached antenna, 
and permits continuous monitoring of any single 
fixed frequency. .\ relay -controlled squelch elim- 
inates 110iSe between transmissions. 

MANUFACTURERS' LITERATURE 

MICROWAVE COMPONENTS 

35 
Nlicrolah is now distr Muting topics of is 

J Catalogue 12 which covers over 10,500 micro - 
wave components. 

phis 112 -page book illustrates the fir's com- 
plete line of attenuators, presclectors, directional 
couplers. power dividers, filters. monitor tees, 

d.c. shorts, d.c. blocks. signal samplers. tuners. 
terminations. crystal mounts, and crystal mixers. 

Each product line is fully described with con plele 
specifications. both physical and electrical. plus 
pertinent schematics. 

DIODE REPLACEMENT DATA 

36 
Raytheon Company's Semicnndunor Division 

0 issued a -F -page folder tchich pros ides 
replacement data for more than 2711 dindes. 

Comparison characteristic curves and charted 
ratings illustrate how specifications of several 
hundred desires are moat or exceeded by the com- 
pany's 1N3728 universal silicon diode. 

TELEMETRY ANTENNA SYSTEMS 

37 
Technical Appliance Corpora ' has issued 
a lb-page catalogue tchich provides complete 

details on its line of telemetry anienuas and 
systems. 

The catalogue covers the gamut f rent rely 
controlled multi -mode units to small special- 
purpose antennas. The booklet pictures and de- 
scribes cross -polarized vagis, steerable parabolic 
antennas. manually posit fnnable parabolic units 
as well as helical, tri. helical, and quad helical 
servo -controlled systems. 

38 

MOBILE MIKE DATA 
The Asiatic Corporation has released a Iwo- 
color data sheet on its X7,11 mobile eel:i udc 

microphone which lists characteristics including 
output. type of ceramic element. type of response. 
type of switch, description of cable, repairs and 
service. housing material, size and weight. In 
addition. the sheet carries a schematic of the unil 
along with a variety of dimensions relating to 
Iu,th exterior and interior elements. 

PUSH -BUTTON SWITCHES 

39 
Switeheraft, Inc. has issued a new -page, 
2.color catalogue covering its "Tiny -Frame" 

push -button switch. In addition Io full dam on 
this unit. the catalogue describes the firm's "l.incl 
Switches," "Button Switches." "Cord Switrhes.'- 
and cullers, 

Designed as an industry guide for engineers. 
the publication lists engineering data, design 
features, dimensional drawings. and :Ipplicui :,e 
ideas, 

MAIL -ORDER CATALOGUE 

40 
Radin Shack Corporation offering copies 
of its new 1963 consumer Inaiborder catalogne 

covering over 10.001) indisidual items in its 284 

pages. 
Ill addition to a c ploc line of audio equip- 

ment at bargain prices. the catalogue lists prod. 
ucts of interest to hams. experimenters. sers ire 
tech^ it ions. as well as phut , airily fans and 
spur omen. 

DIGITAL LOGIC MODULES 
i Solid State Electronics Corpora has pub- 

it a 28 -page, two -color catalogue outlin- 
ing in considerable detail its 11101) Series of digilal 
logic modules. 

In addition to listing the special features of 
these components, tilt' publication includes a 

weed, of generalized informal ion on the subject 
of nodules. definitions and terminology. Isle 
color codes. electronic characteristics. intercon- 
nection methods. as well as detailed specifications 
on the products themselves. 

42 

15 -AMP POWER TRANSISTOR 
Tung -Sol Electric Inc. has issued a technical 
data sheet on its new high -power Type 

2N2490 germanium transistor. The bulletin in- 
cludes a listing of absolute maximum rating, spe- 

cifications for a typical switching application. and 
electrical characteristics at 25 degrees C. Outline 
drawings of the TO.36 case arc given along with 
four characteristic curves on collector and base 

voltage and current and one on temperature vari- 
ations with changes in h1 E. 

SPECTRUM ANALYZER DATA 

4 3 
Raytheon Company's Industrial Components 
Division has issued a compact 8 -page hand- 

book describing applications of spectrum analy'z- 
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ers in telemetry, biological research, and measure- 
ment of Doppler cllauige., seismic vibrations, and 
burning stability of rocket fuel. 

Illustrated with pl graphs, drawings, block 
diagrams. and charts, the handbook also describes 
the operation and speciliunions on the firm's 
" Raysp;m" spectrum aura peers. 

44 

CRYSTAL UNITS 
Reeves- Hoffman is now offering a two -page 
leaflet that gives detailed specifications on 

its 14 to 150 -kc. N element crystal, a double - 
rotation cut plate that vibrates on its width -length 
fundamental mode. 

Frequency range. holder n tine hers, temperature 
range. frequency tolerance. oven operation, fre. 
quency- tenpelature coefficient. maximum effec- 
tive resistance. typical electrical equivalent pa- 
rameters. and applicable military specifications 
are covered. 

HI -FI COMPONENT GUIDE 
AE Fisher Radio Corporation has just released qj its 1963 guide to custom high -fidelity stereo 
congonenls, a 12 -page publication which pro- 
vides complete technical specifications on a Ss-ide 
range of multiplex receivers, tuners. amplifiers, 
speaker's, multiplex adapters. and stereo acces- 
sories. 

Each hein is pictured and described in con- 
siderable detail, ;long with the outstanding fea- 
tures and circuitry of the particular unit. 

46 

RECORDING TAPE DATA 
Eastman Kodak Company has issued a com- 
pact and concise single -page data sheet sup- 

plying e ploc specifications and features on its 
Type .x301 sound recording tape. \lagnetic and 
electromagnetic properties. physical properties. 
and a host of technical details arc ',unlike!. 

41 

VOLTMETER -CONVERTER BROCHURE 
Houston Instrument Corporation has issued 
an 8.page, two -color brochure which carries 

a technical description. schematic specifications, 
and applpcatiun data on a wide -range Model 
H L \'C -150 log -vol ureter- converter. 

A new design principle is also discussed which 
permits accurate measurement of a.r. or d.c. volt - 
ages or voltage ratios on a true lugs rithmic scale 
over a 3160:1 or 70 db continuous range. A d.c. 
output is provided for recording. 

48 

U.H.F. TRANSMISSION LINE 
Surface Condos , Inc. is offering a four - 
page short durnl catalogue sheet covering its 

line of u.h.t. transnlissiiln line. launchers, con- 
ductors. amplifiers. atlenuators. antennas, anti 
filters. 

Since the "(; -Line" is suitable for CB and TV 
service installations. details on its applications arc 
provided. 

49 

PRESSURE -ACTUATED SWITCHES 
The Nick -trim Corporation has just released 
au elaborate engineering manual covering 

pressure -actuated switches. 
Included is our extensive glossary, mechanical 

and electrical characteristics on the firm's line, 
methods of measurement and measuring devices. 
circuit symbols, applications. and data and ref- 
erence table's. 

The manual is spiral is d. 

CRYSTAL CATALOGUE 

5 
Texas Crystals has issued an 8 -page catalogue 
which lists hundreds of crystals for CB. am- 

ateur, low- -frequency, marker, and pressure ap- 
plications, along with information on crystal 
holders, recommended circuitry, sockets, company 
representatives. and ordering information. 

PACKAGE CUSHIONING 

51 
Armstrong Cork C patty's Insulation Di- 
y'. has released a chart which facilitates 

the selection of corner cushions for protection 
against shock. 

Of interest to the electron is equipment field, 
the chart pros ides information obtained in the 
course of a series of actual drop tests which were 
used to determine the shock an item can be ex- 
pected to experience in shipment when protected 
by varying thicknesses and types of the firm's 
" Resilo- Pak." 
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PHONO NEEDLE GUIDE 
Transcriber Company, Inc. is now offering 
a new catalogue and ready -reference needle 

guide which includes three easy -to -read sections 
enabling the user to locate the proper needle 
from any infurmat ion available whether cartridge 
name and number. phonograph, or actual needle 
of any manufacture. 

TRANSISTOR LINE 

3 
Sprague Electric C pang has just issued a 
0 -page consolidated list of the most popular 

transistors in its line. 
Short Form C;u alll,ue CN -116(: lists silicon 

transistors for (1a :ppt't .rut it i' :did high -frequency 
applications, \I.\ I germ:tili tint. MA DT german- 

. and F.CDC gentian' transistors for high. 
speed switching. high -frequency communication 
applications, and core driver use. 

REGULATED POWER SUPPLIES 
Kcpco Inc 191 -38 Sanford Ave., Flushing 52. 

N.Y. has issuer) a 40 -page reference handbook 
on applications of regulated power supplies for 
systems use. 

l'he new publication is designed to assist en- 
gineers in making full use of t he versatility of 
many of today's power supplies. Information 
rangts from basics of how to select a power sup- 
ply, lower supply classifications, and a glossary 
of her supply terms to detailed theoretical dis- 
cussions on applications of a voltage- correcting 
system. 

Copit- of this publication are available only 
on coon lat-Ict ter head req lest. 

"DO -IT- YOURSELF" 
TUBE CHECKERS 

Al 1 5 The Original Cost! 
$36,95 

nays for itself r in month Or 

less! . :ii!li rlr,itA',ua 
.,I:, ,'bs 

i :,l 
il!le -.I 

h : t 

TV CONSOLES 
so us ar!aty 

Trull Knoll. To Bark 
No lulrm-:l Out Picture Tubes 

Satir Tr: I.b.rll,r.! 
sfaction Guaranteed Or Your 

Money Back! 
Shipped Railway Erpress, F.O.B. I0"- 12" -14' 51.115 las ist 

S13.03 1,1 

ONE YEAR GUARANTEED 
TV PICTURE TUBES l'oreol As Los Inrht 

Here are just a few Spectacular 
sample pr lees) 
ín111'.1 -S4. un 17117.1.1-S10.03 

I 21.P.1-57. l tl 10AP4- 515. ] 3 
I -m1.1 -BM.25 21 E1'.i- 5111.115 I01i14 -51-1.05 21 A3111- tt' --.ns 
17111'4-S0.05 _ 1, 4:1'.1- SlM.0:, 

F NUTS:: No loud Required On Any Of The Abuse rube TSP.., 
A 

'rttention! 

All PI tubes sold 
by Nation -Wide Contain only new 
parts extent fore leagldss envelope Ì opt closely )inspected prior to manu- facture to Insure clear and 
feet Pictures! All picture tubes 
Shipped F.O.B. end for Nation- Wades complete picture tube Ilse. Dept- CL. 

IMMEDIATE 
DELIVERY! 

BRAND -NEW 
FACTORY SECONDS 
USED TUBES 

Used and 'or 

factory second 

1 -YEAR GUARANTEE ON ALL TUBES! 
Before shipping. each order of tubes is Scien- 
tifically Tested by Nation- Wtdes own Duality - 
Control Department! All shorted and Low 
Emission tubes are immediately destroyed! You 
receive only TOP DUALITY. LONG -LIFE, 
Hickok and set tested tubes! 

INDIVIDUALLY BOXED! CODE DATED! 
1 

024 
103GT 
ILO 
1LB4 
1LN4 
1LNS 
INSGT 
IRS 
ISS 
174 
IU4 
IGS 

FREE POSTAGE n All Orders. 25e 
Ii u:I Lin.; S II,l.I!e Oui Order. 1'n,1er $' ! Deposit Of 25,1 ulo.' -' ,.. -, rot eign order. nd aPProslnbate P,l :o!un 
REMEMBER. if I you're not Completely satisfied with any merehan- 
ulise. Nation -Wide will Refund Your Money within Five (SI days! Immediate shipment on all orders! 

I tubes tit. ante eed for ne full year TUBES 
r 

NATION-WIDE BLDG. 
WIDE I UB E HARRISON, N.J. HUmboldt 4 -9848 

per 

HUNDRED 
For all type 
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1 X2 
2AF4 
2BN4 
2CYS 
3AU6 
3SC5 
3BUB 
3BZ6 
3CB6 
3C56 
301(6 
DT6 

304 

354cT 
374 
4406 
ABCS 
4BCS 
4BO7A 
4BS8 

4BZ6 
aces 
4DT6 
SAMS 
SANS 
SAPS 
SASS 
SATE 
SB X7A 
SORB 
SCGS 
SCLSA 
SCZS 
SJe 
STA 
504G 
SUAGA B 
SUS 
SWAG 
5X0 
5Y3GT 
6488T 
6404 
SAC] 
Cara A 
SAGS 
6AH4GT 6SK7 12SN?GT 6AH6 65L7GT 12V6GT OAKS 65NTGTA /8 12W6GT GALS 6507 12 %4 GAMS A 6t4 131307 64NS A 618 A 1407 
6AP5 A 6U8 A 1406 
6AS5 6V3A 14F7 
64T6 6V6GT 17AVSGA OATS A 6W4GT -A 11AX4GT 6AU4CT A 6W6GT 19AU4GTA 6AUSGT 6 %4 198G6G'A CALM A 6550T 19T8 6ÁU8 6X8 A ZSAX4CT 
GAVSGA 

65Á6G A 25806 
6AW8 A ]4] 

25C5 
2SCD6GA'B 6A%4GTA B ]AB 

6AX5GT 1AC7 
2SCU6 
25006 6806 ]AU] 25006 6BC5 

707 
25W GT 

6BE6 ]B] 25ZGGT 6BGS 105 35ASGT 
68116E A !CO 3505 
680 6 ]F9 3505 6808 7147 35e5 

S A 35 
]Y4 6BKS 35W4 

681e74 B B 3523 
O GT A SCOT 3523 CONS 5 SCSI 33250T 6085 SCSI SOBS 

60066 AA B 8C51 SOBS 6B0 A 8C511 SO 
60118 BSN]GTB SOEH EMS 6BYSCA 
60X6 
602] 
6C4 
6CB6 A 
6CLGC A 
6C 
6C 

6C08 13Á] 
Oche 12ÁV5 
6CU8 12AX4GTA B 604 I2AX7 
613026 /A /B I2AZ1 
6076 1284 
OEA] 12BÁ6 
SEAS 12BE6 
6EBB 12B141 /A 
GEMS 12006 
6ERS 1213Y7 
6E5.5 

6GT 12CR6 
6GN6 12CUS/12e5 
6H6 12CU6 
6JS 1204 
6J6A 12085Á 
6N6GT 12006'Á'B 
6K] 12K]GT 
6L6GA;'B/C 12L6GT 
6S4 t20]GT 
6507 12$8GT 
65C] 1250] 

65M? 
125F7 

CUBA SO6GT 
IODE] 50Y7GT 
10EG1 70L7GT 
I2ABGT 75 
12ABS 80 

13ÁQ5 Ì1T23 
12AT6 117Z60T 

partial nsting -send for free complete tube listing. FREE SURPRISE.BONUS.ON 
ORDERS OF SS OR MORE! 
FREE TROUBLE -SHOOTER 
GUIDE WITH EVERY ORDER! 
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Memory , 
Unlimited 

IJUMPED into the first railway com- 
partment which seemed empty: my 
eyes fell on a book left on the seat 

opposite by a previous passenger. 
I took it up absent -mindedly and ran 

through the first lines. Five minutes later 
I was reading it as eagerly as a clue to a 

hidden treasure. I learned that everyone's 
memory is capable of fantastic feats; that 
an ordinary person if he has taught him- 
self to control the way in which his brain 
stores impressions can memorize accu- 
rately long and complicated lists of facts 
after reading them over only once or 
twice. I thought I would test the truth of 
the statement. 

I took a timetable out of my suitcase 
and began reading quietly in the manner 
prescribed, the names of about one hun- 
dred railway stations. I observed that. 
after reading them over a few times. I 

could recite the whole list off with hardly 
a mistake. With a little more practice I 

found I had committed them so corn - 
pletely to memory that I could remember 
them in the reverse order and even pick 
out one station from the list and say 
which number it was, and what were the 
names of the towns before and after it. 

I was astonished at the memory I had 
acquired and spent the rest of my journey 
on more and more difficult experiments 
in memory, and reflecting how this new 
control I was achieving over my mind 
would materially help me to a greater 
success in life. After this, I worked hard 
at this wonderful memory system, and 
within a week I found I could recall pas- 
sages from books and quote them with 
ease; names, addresses and business ap- 
pointments were remembered immedi- 
ately; and in four months I had succeeded 
in learning Spanish. 

If I have obtained from life a measure 
of wealth and happiness, it is to that book 
I owe it, for it revealed to me the work- 
ings of my brain. 

Three years ago, I had the good for- 
tune to meet its author, J. K. Borg, and I 

promised him to propagate his method, 
and today I am glad of this opportunity 
of expressing my gratitude to him. 

I can only suppose that others wish to 
acquire what is, after all, the most valu- 
able asset towards success in life. 

Borg's address is: J. K. Borg, c/o 
Aubanel Publishers, 14 Highfield Road, 
Dublin 6, Ireland. Apply to him for his 
little book, "The Eternal Laws of Suc- 
cess." (Postage 70 for a postcard to 
Ireland by surface mail). It is free to 
all who wish to develop their memory. 

F. ROBERTS. 
(ADVERTISEMENT) 
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962 INDEX 

VOLUMES 

67fi8 

AMATEUR 

MISCELLANEOUS 
Coaxial -Line Impedance Nomogram 

(Kyle) 
Coil- Winding Charts (Moffat) 
Golden Anniversary of Ham Licensing 

to Honor Old Timers 
Horn of the Year 
Mac's Electronics Service (Frye) 
"One- Up- Manship" for the Amateur 

(Howard) 
Parallel -Line Impedance Nomogram 

(Kyle) 
Pioneer Wireless Station (Pyle) 

HAM GEAR 
Amateur Transmitting Tube Testing 

(Genaille, K4ZGM) 
Band -Scanning 10 -11 Meter Converter 

(Fischesser) 
Compact Nuvistor Product Detector 

(Mendelson, W2OKO) 
Economical 813 Final for the Ham 

(Smith, WBVVD) 
Evolution of the Communications 

Receiver (Part 1: Pre -War Sets) 
(Johnson, W3TRR) 

Evolution of the Communications 
Receiver (Part 2: Post -War Sets) 
(Johnson, W3TRR) 

Improved Microphone Circuit 
(Lamb, K8ERV) 

Low & Medium Frequency Converter 
(Ives) 

U.H.F. Grid -Dip Meter for the Ham 

Shack (Huie, K2PEY) 

Using the Nuvistor on V.H.F. Bands 
(Marshall, WA4EPY) 

BUSINESS MANAGEME 
Identify Your Components (Pyle) 
Mac's Electronics Service (Frye) 
Servicing Automatic Steam Irons 

(Anderson) 
U.H.F. Conversions are Profitable 

(Cantor) 

Jan. 35 
Aug. 54 

May 69 
May 58 
May 34 

Apr. 82 

Feb. 31 

Feb. 76 

Jan. 42 

June 86 

July 27 

Feb. 86 

Nov. 60 

Dec. 54 

Feb. 99 

Aug. 48 

Nov. 58 

Aug. 43 

NT 

Feb. 101 

Aug. 42 

Feb. 62 

Sept. 42 

CITIZENS BAND 

Canadian Citizens Band (Sands) Aug. 34 

CB Antenna Matching (Sands) Jan. 41 

Design of Transistorized CB Transmitters 
(Rheinfelder) Feb. 34 

Multi -Watt Transistorized CB Trans- 
ceivers (Stoner, 11W1507) July 45 

"S" Meters for CB (Stoner) Sept. 36 

Three -Transistor CB Transceiver (Norris). Nov. 38 

COMPUTERS & COUNTERS 

Feedback Loops in Binary Scaler Design 
(Brumbaugh) May 80 

Mac's Electronics Service (Frye) Oct. 40 

Neon Bulb Flip -Flop Circuits 
(Sherer, Jr.) Oct . 52 

CONSTRUCTION PROJECTS 

Additional Notes on Transistorized Igni- 
tion System (Saatjian) Dec. 81 

As a service to our readers we 
are again presenting a com- 
plete listing of all feature 
articles which appeared in 
ELECTRONICS WORLD during 
1962. We suggest you keep 

this for reference. 

Audio- Operated Panelescent Lamp 
Display (Shields) May 73 

Doorbell Monitor for the Deaf (Gordon) Dec. 48 
Electronic Vibrato (Calvert) Apr. 75 

Grid Board Used to Build Decade 
Counter (Curtis) Mar. 77 

High -Power Transistorized "Photo - 
rhythmicon" (Wortman) Aug. 31 

Light -Interval Meter (Gannon!) July 48 

Linearizing the Thyratron Timer (Ives) May 92 
Neon Lamp Leakage Tester (Hastings) May 74 
QRM Eliminator for Communications 

Receivers (Crowell) Mar. 52 

Selenium Photocell Light Meter 
(Mangieri) Feb. 96 

Semiconductor Noise Filter (Pugh) Aug. 71 

Signal -Strength Meter for CB (Berhley, 
2 W 3640) Mar. 80 

Transistor- Operated Portable Lamp 
(Barmore) Aug. 39 

Transistorized Darkroom Timer 
( Bammel) Apr. 32 

Transistorized Ignition System 
(Saatjian) Aug. 52 

Transistorized Metal Locator (Osborne) Mar. 86 

Transistorized Photorythmicon- Dancing 
Lights (Wortman) May 49 

Versatile Electronic Switch (Miller) Mar. 50 
Versatile Programmed Timer (Horwitz) Nov. 53 
Vibrato Simulator ( Ippolito, Jr.) Nov. 44 

HIGH -FIDELITY & AUDIO 

AMPLIFIERS 
Anode -Follower Stereo Preamp (Boegli) July 38 

Design of Transistor Hi -Fi Power 
Amplifiers (Jones) May 35 

Eico ST84 Stereo Preamplifier 
(EW Lab Tested) Oct. 22 

Fisher KX -200 Stereo Amplifier 
(EW Lab Tested) Dec. 22 

Fisher X -101 -B Stereo Amplifier 
(EW Lab Tested) Jon. 102 

Pilot Model 248 Integrated Stereo 
Amplifier (EW Lab Report) Feb. 14 

CIRCUITS 
4- Channel Audio Mixer (Williams) Apr. 49 

Light -Bulb Volume Expander (Arroyo) Feb. 104 

Mixer for Multi -Use Audio System 
(Wortman) July 50 

RC Equalization Curves (Burstein) Apr. 53 
Switched Resistor Controls (Re) Sept. 64 

Unique Output Circuit in Transistorized 
Hi -Fi Amplifier (Kramer) Oct. 55 

Wide -Band FM Booster (Dickson) Nov. 50 

FM MULTIPLEX 
Automatic Switching for Multiplex 

Adapters (Mordwinkin) Aug. 61 

Cover Story Feb. 38 

Directory of FM- Multiplex Stereo 
Adapters (Snitzer) Feb. 37 

Eico MX -99 Multiplex Adapter 
(EW Lab Tested) Sept. 14 

Fisher 500 -B FM Stereo Multiplex 
Receiver (EW Lab Tested) Apr. 14 

Fisher FM -100 -B Multiplex Tuner 
(EW Lab Tested) Sept. 16 

Fisher MPX -100 Multiplex Adapter 
(EW Lab Tested) Oct. 26 
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Fisher MPX -200 Multiplex Adapter 
(EW Lab Tested) Nov. 24 

FM Multiplex Stereo Detection Methods 
(Crowhurst) Jan. 50 

FM Stereo: A Broadcaster's Viewpoint 
(Bolgiano) Sept. 27 

FM Stereo Multiplex Adapter (Helber) Nov. 43 
FM- Stereo Programs Reach 70- Million 

Listeners Aug. 75 
Harman -Kordon "Citation Ill" FM Tuner 

(EW Lab Tested) Jan. 22 
Phase Distortion in FM Multiplex 

(Hooper) Mar. 68 
H. H. Scott LT -110 FM Stereo Tuner 

(EW Lab Tested) Nov. 22 
Signal Generators for FM Multiplex 

(Feldman) June 73 
Transistorized FM- Multiplex Stereo 

Adapter (Blaser) Mar. 31 

MISCELLANEOUS 
Close Talking with a Ribbon Mike 

(Reeder) Oct. 64 
Loudspeaker Intercom Systems (Shiver).Sept. 52 
Mismatching Hi -Fi Amplifiers (Burstein) May 54 
Noise and Its Measurement (Van Veen) May 25 
Non -Directional Stereo Effects (Hirsch) Oct. 41 
Reverberation in Audio Reproduction 

(Hahn) Apr. 37 
Sound (Special Chart) Aug. 35.36 
Versatile Voltage, Power, and Decibel 

Nomograms (Special Chart) (Kyle).Aug. 37 -38 

PHONO 
Astatic 45D Stereo Cartridge 

(EW Lab Tested) Jan. 18 
CBS Laboratories STR -100 Stereo Test 

Record (EW Lab Tested) Mar. 16 
ESL S -2000 "Super Gyro /Balance" 

Tonearm (EW Lab Tested) July 20 
ESL T -200 "Gyro /Spension" Turntable 

(EW Lab Tested) Aug. 12 
G -E VR -1000 Stereo Cartridge 

(EW Lab Tested) Apr. 20 
"Knight" KN -1020 Stereo Tonearm 

(EW Lab Tested) May 14 
Pioneer SH -100 "Stereoscope" 

(EW Lab Tested) May 16 
Roanwell Stereo Phones 

(EW Lab Tested) Sept. 92 
Sharpe Model HA -10 Stereo Phones 

(EW Lab Tested) May 14 
Shure M33 Stereo Phono Cartridge 

(EW Lab Tested) June 14 
Sonotone 9TASD -V Cartridge 

(EW Lab Tested) Nov. 26 
Superex Model ST -M Stereo Phones 

(EW Lob Tested) Mar. 14 

SERVICING 
Mac's Electronics Service (Frye) Sept. 44 
Simple Tape Recorder Repairs 

(Buchsbaum) Mar. 37 
Stereo Tape Head Tips on Adjustments 

and Measurements (Reed) Feb. 81 

SPEAKERS & HOUSINGS 
Acoustical Lens (Augspurger) Dec. 34 
Cabinart "Mark I" Speaker System 

(EW Lab Tested) June 20 
Distortion in Loudspeakers (Villchur) , June 27 
Fisher KS -1 "Slim- Line" Speaker System 

(EW Lab Tested) Aug. 16 
Importance of Speaker Efficiency 

(Augspurger) Jan. 38 
H. H. Scott Model S -3 Speaker System 

(EW Lab Tested) Mar. 14 
Sherwood Model SR -3 "Ravinia" Speaker 

System (EW Lab Tested) June 14 
University UCS -6 "Uniline" P.A. Speaker 

(EW Lab Tested) July 14 

TAPE RECORDING 
Eico Model RP -100 Tape Recorder 

(EW Lab Tested) Dec. 20 
"Knight" KN -4000 Tape Transport 

(EW Lab Tested) July 14 
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can mEan 
A BETTER HOME ... 
A BIGGER CAR . 

AND MONEY 
IN THE BANK! 

Mobile radio- already a great and growing 
business -will grow far larger. The FCC is as- 
signing many more channels ... and now any 
type of business or industry can have its own 
2 -way radio system. Right now there are over 
2,000,000 transmitters in the Safety and Special 
Radio Services. Citizens Radio is exploding. This 
equipment needs installation . maintenance ... repair . .. and FCC- required checks. Most 
earn profits for their owners and must be kept 
on the air 12 months a year (often 24 hours a 
dayl -so this work pays well. 

Not many radio and TV servicemen bother 
to qualify to profit in this booming busi- 
ness- because an FCC operator's license is 
necessary. A far -sighted few are making big 
money. To learn how you can be one of these 
few, mail coupon below for your free copy 
of the booklet ['NOW TO MAKE MONEY 
IN MOBILE -RADIO MAINTENANCE ". 

MAIL THE COUPON NOW - 
THERE'S NO OBLIGATION ! 

LAMPKIN 205.A FM 
MODULATION METER 

I RANGE 25 TO 500 MC. 
LAMPKIN LABORATORIES, INC. I PRICE $270.00 
MFM Division, Bradenton, Florida 

At no obligation, please send me the free booklet 
"HOW TO MAKE MONEY IN MOBILE -RADIO 
MAINTENANCE." Also, technical data on Lamp - 
kin meters. 

Name 

Lampkin meters are the preferred 
mobile -radio test equipment! 

_AMPKIN 103 -e 
FREQUENCY METER 
ANGE 0.1 TO 175 MC. 

AND UP 
PRICE 8260.00 

Addres 

City State 

NEW: The Lampkin PPM Meter to check frequency on split 
channels above 50 MC, Accuracy 0.0001%. Price f141.00. 

LAMPKIN LABORATORIES, INC. 
MGM Division 

BRADENTON, FLORIDA 
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BARGAIN TV 
NONI /N6? 

SERVICEMEN! 
Write for SENSATIONAL CATALOG 

HENSHAW RADIO SUPPLY 

r 
r 

3619 TROOST KANSAS CITY, MO. 

Hl -FI COMPONENTS 
TAPE RECORDERS 

SLEEP LEARN KITS 

MERITAPE Lopw 
cost, high quolity retording 

toe. in bows or Cons. 

'rim, FREE 1963 CATALOG 

DRESSNER 1523 JERICHO TPKE. 
\XIY NEW HYDE PARK 16 N.Y. 

ALL TAPE HEADS WEAR OUT! 
Is head wear causing you to lose the clean, 
crisp sound which only tape can give you? 

There's no such thing as a wear -proof tape head! Heads 
do wear out - so get the most from your investment in 
tape equipment by insisting on NORTRONICS correctly 
matched replacement heads! NORTRONICS heads are 
selected by the nation's top manufacturers for use on 
their better recorders because of their premium quality, 
excellent performance and long life. 

HAVE YOUR TAPE HEADS CHECKED FOR WEAR! 
Now - for the first time - your Hi Fi dealer, Radio / TV 
serviceman or camera store can check the tape heads on 
your recorder and supply you with the correct NOR - 
TRONICS Replacement Heads and "Quik -Kit" mounting 
hardware- Easy -to- follow detailed drawings and instruc- 
tions speed up installation! Replacements for more than 
250 popular models are now available. with more to 
come! If your local dealer or serviceman can't supply you, 
ask NORTRONICS for the name of your nearest source. 

Write today for FREE copy of "The NORTRONICS Guide 
to Tape Recording" - packed with information for all 
tape enthusiasts. 

%101#)LonúaQ.= 
812/ "'est lOtn Ave., North 
Minneapolis 27. Minnesota. 

Nuose:=A:a 
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GIANT CB SALE!!! 
UTICA TRANSCEIVERS 
(TOWN COUNTRY MALE 

s1 / 1 9.95 
COMMAND GP -1 GROUND 
PLANE ANTENNA. Solid 
Alum. radiais, heavy duty. $ Reg. 816 SALE 
COMMAND CB SILENCER 
KIT -Model SN -3 (15-pc. mo- 
bile noise suppression kit: 
contains tunable generator 
suppressor, spark plug & dis- 
tributor suppressors, gen. e 
cond. feed -thrust SALE W 

COMMAND 3X LIMITER KIT 
3 FILTERS (HI -PASS. LO- $ PASS. LINE) SALE. 

8.99 

4.99 

3.99 

GET THAT SIGNAL OUT WITH 
ULTRA -LO -LOSS FOAM COAX CARLEIII 

î 50 It. -RGSSu Coax Cable 
100 ft. -RGSeu Coas Cable 

SO It. -RGSu Coax Cable 
100 It. -RGSu Coax Cable 

SALE $2.49 
SALE 53.99 
SALE 54.95 
SALE 69.99 

JAMES KNIGIITS CB CRYS- 
TALS (Specify make, model 
and channel) SALE 

CER 
AMIC CRYSTAL SOCK- 

PL -259 COAX CONNECTORS 
10 for 

SO -2:19 COAX CONNECTORS 

UG -175 ADAPTORS 10 for 

$1.99 
99c 

$3.50 
$3.50 
$1.19 

COMMAND CB GOLDEN BEAM 
3- Element Beam -Corn-Gold Treated for 
Extra Power -Com -Gold Treated to Pre- 
vent Rust and Corrosion -Fights Off the 
Rusty. Salty Coat of Weather to Deliver Top 
Performance! MODEL GB -3 

LIST -550.00 SALE $10.15 

TRIUMPH "WALKIE TALK- 
IES." 9- transistor deluxe unit. 
leather case, etc. 2 for 558.99. 

SALE 
COMMAND XS -12 CHANNEL 
SELECTOR (adds 12- positions 
to your unit) SALE 

$29.99 

$ 5.95 

iJ SPEAKEASY (Famous audio 
comp. amp.) Reg. Price 534.75. 
INCREASE YOUR SIGNAL $24.95 PUNCH!! SALE 

Check items wanted. Return ad or order 
with check or money order. Include postage, 
excess refunded. 50r service charge on or- 
ders under $5.00. Beams and 102" whips 
shipped Railway Express. 50'. deposit on 
C.O.D.'s. 

' CB DEALERS: Write for Quantity Prices! 

GROVE ELECTRONIC SUPPLY COMPANY 
4119 W. Belmont Ave., Chicago 41, 111' s 

') Rush items checked 
IJ Send FREE catalog of giant CB Values 

Name 
i please print) 

Address 

City Zone.... State 
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HELP YOUR POSTMASTER 
GIVE YOU BETTER 

CHRISTMAS MAIL SERVICE 
WRAP PA( ;KAGES SECURELY 

ADDRESS LEGIBLY -I \( :LURE 
POSTAL ZONE NUMBER AND 

YOUR RETURN :\I)I)RESS 
SHOP AND MAIL EARLY 

To (hit-of-Town Points. by Decem- 
ber 10th. For Local Delivery, by 
December 15th. 

Amazing "New fan" 
AND VERSATILITY . . 

nTa ra 
with your Hi -Fi, Tape Re- 

corder or Record Ployer. L : Send lOc for Audio Access- (C; 
sory Catalog A -401 W. 

SWITCHCRAFT, INC. 
t 5577 N. Elston Ave., Chicago 30, III. 

96 

"Knight" KN -40018 Tape Preamplifier 
(EW Lab Tested) Aug. 12 

On- Location Sound Recording (Ashton) ..July 56 

Shure 245 Series "Uniplex" Microphones 
(EW Lab Tested) Oct. 26 

INDUSTRIAL ELECTRONICS 

Constant- Current Power Sources -Their 
Characteristics & Applications 
(Leichner & Smith) Oct. 60 

Counter as a Test Instrument 
(Buchsbaum) Nov. 48 

Cover Story Jan. 33 

Cover Story May 40 

Cryogenics -Electronics at Ultra -Low 
Temperatures (Gilmore) July 23 

Delay -Line Nomograms (Moffat) Nov. 35 

Digital Voltmeter (Collins) Sept. 45 

Direct Heat -to- Electricity Energy 
Converters (Zalar) Moy 39 

Electrometer: Where It's Used, How It 

Works (Collins) July 33 

Electronic Weighing (Buchsbaum) Dec. 38 

Electronics & Biology (Jaski) Feb. 27 

Facsimile Techniques & Equipment 
(Plevy) Aug. 21 

Flow Measurement- Electronic Techniques 
& Devices (Buchsbaum) Oct. 45 

Fuel Cells (Gilmore) Sept. 23 

High -Frequency Response of Cascaded 
Stages (Moffat) Moy 44 

High- Precision Sound -Speed 
Measurements Mar. 94 

Integrated Circuits- Evolution in 
Electronics (Stern) Nov. 31 

Lasers and Their Uses (Gilmore) Dec. 29 

Mac's Electronics Service (Frye) Jan. 56 

Mac's Electronics Service (Frye) June 42 

Mac's Electronics Service (Frye) Nov. 52 

Mac's Electronics Service (Frye) Dec. 46 

Maintenance in Teaching Labs (Pavlat) May 46 
Making Multiconductor Cable (Kolb) Jan. 100 

Nuclear Radiation Gages for Industry 
(Buchsbaum) June 23 

Operational Amplifiers (Rymsha) Oct. 37 

Oxygen Analyzers (Collins) June 54 
Parallel Resistance Calculator 

(Hammond) Apr. 45 
Photographic Oscillograph (Shiver) July 52 

Portable Solid -State Laser Mar. 60 
Pulse -Modulation Techniques (Bulinski) Feb. 52 
Radiation "Fingerprinting" (Collins) Dec. 58 

RC- Coupled High- Frequency Amplifiers 
(Rheinfelder) Sept. 61 

Relay Electronics (Shattuck) Sept. 48 

Self- Balancing Potentiometers (Meem) Sept. 33 
Servicing Diathermy Apparatus (Collins). Apr. 42 

Solid -State Optical Maser Operates 
Continuously Mar. 36 

Superconducting Magnet System Apr. 70 
This Month's Cover July 24 

This Month's Cover Nov. 33 

Transducer Controlled Relay (Horwitz) Jan. 84 
Troubleshooting Transistorized Digital 

Circuits (Glickstein) Apr. 29 

Ultrasonics in Testing (Bobbin) Jan. 31 

Unsoldering on Printed Boards 
(Burlingame) June 90 

Universal Control Circuit (Wilson) Jan. 62 
White Noise: Its Nature, Generation, and 

Applications (Edwards) Nov. 40 
X -Ray Analysis -Theory & Application 

(Collins) Feb. 49 

PERSONNEL & TRENDS 

Advanced Training for Technicians 
(Buchsbaum) Feb. 42 

Automated Testing: Men & Machines 
(Lavoie) June 52 

Cover Photo June 51 

Cover Story Mar. 26 
Electrocardiograms Recorded by Remote 

Control Apr. 64 
Electronic Concepts: Fact or Fiction 

(Heller) Nov. 56 
Electronics Manufacturing Occupations Aug. 66 

W90Á96083 

"When does my 

subscription 

expire ?" 

This question is often asked of us by 
subscribers to Electronics World. You 
can check the expiration date of your 
own subscription by reading the code 
lin(' on the mailing label of Electron - 
ics World as follows: 

W= Electronics World 

90= The month and year in which 
your subscription started - in 

this case, Sept., 1960. 

R980= (Filing instructions for our use 
only) 

83= The month and year in which 
your subscription will expire - 
in this case, Aug., 1963. 

UARANTEED 
Outperforms speakers costing five 
times more or your money back! 
ALL NEW 51995 
ALL WOOD only 
the KENT- 

FEATURES AND 
SPECIFICATIONS 

24" wide, 10" high, 9" deep; 8" high compliance 
woofer; 3" hardened tweeter cone; coaxial wound 1" 
voice coil; silicone treated edge allows for V." cone 
displacement; Alcomax III 1 -Ib. 5 -oz. magnet; 10,000 
gauss flux density; 8 ohm impedance; zero external 
magnetic field; 40- 18,000 cps; up to 30 watts power 
capacity; 1450 cubic inch volume; Fibreglass acoustic 
dampening; matched for stereo. 
ORDER NOW to Insure prompt delivery! This remark- 
able speaker is not available in retail stores. Direct fac- 
tory sales only... and you save a bundle. Price -$19.95 
F.O.B. factory. Shipping weight 18 pounds. 

Anglo American Acoustics Ltd. EW -12 -62 - 
129 Maryland Ave., Freeport, New York 
Gentlemen: Enclosed is my check for $ - - 

Please ship me -"Kent" natural wood cabinet 
speaker(s) at $19.95 each. 
I UNDERSTAND THAT THESE SPEAKER SYSTEMS ARE 

GUARANTEED AND IF I AM NOT COMPLETELY SATISFIED 
I MAY RETURN FOR A FULI. REFUND WITHIN TEN DAYS 
AFTER RECEIPT. 

NAME 
ADDRESS 

LCITY ZONE STATE 
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FCC Warns on Home Broadcasting May 71 
Industrial Electronics vs TV Service Jan. 49 
Mexican Electronics Market Jan. 88 
New Pay -TV to be Tested June 78 
1962 British TV Trends (Halliday) Jan. 66 
Patent Information for the Inventor 

(Part 1) (Verruso) July 70 
Patent Information for the Inventor 

(Part 2) ( Verruso) Aug. 82 
Technicians in the Computer Industry 

(Jones) June 50 
Technicians with Passports (Degler) Sept. 39 
The Technician: His Role in Industry 

(McClamrock) Mar. 25 
U.S. Electronic Exports Rise in 1961 Mar. 89 

POWER SUPPLIES 

Miniature Power Supplies (Lederer) Nov. 71 
Power Supply Regulation Nomo- 

gram (Moffat) Dec. 33 
Regulated Supply for Transistor Circuits 

(Glaser) Jan. 53 
Simple Voltage Control Circuit Mar. 104 
Tunnel Diode Bias Supplies (Reed) Feb. 45 
Variable -Voltage Regulated Power 

Supply (Rodgers) Dec. 47 
Voltage- Conversion Nomogram (Moffat) Mar. 30 

SPACE ELECTRONICS 

"Advent" Space Antenna Installed Apr. 41 
Britain's New Radiotelescopes (Halliday) Mar. 40 
British Ground Station for Satellite 

Communications (Holliday) Dec. 41 
Cover Story Apr. 26 
Electric Engines for Outer Space 

(Gilmore) Apr. 25 
High -Accuracy Satellite Tracking 

System (Kirsh) Dec. 52 
On Our Cover Dec. 53 
" Telstar" Communications Satellite 

(Shennum) Oct. 34 

TELEVISION & RADIO 

GENERAL 
Design for on All- Purpose TV -FM Antenna 

(Monser) Nov. 36 
8 -Tube TV Design Sept. 50 
New Motorola TV Design July 36 
New Westinghouse TV Circuits Mar. 56 
Status of Color TV Aug. 25 
Zenith Color -TV Features Feb. 46 

SERVICING TECHNIQUES 
A.C. Calibration (Finkbeiner) May 95 
Accurate V.O.M. Resistance Measurement 

(Jaski) Feb. 108 
A.C. Meter Calibration (Jaski) Jan. 60 
Ailing Picture Tubes -Repair or 

Replacement (Buchsbaum) Jan. 46 
Analyzing Color Set Defects Aug. 40 
Check that Grid Bias (Randall) May 72 
Day in the Shop with the Scope (Gentry).July 41 
Delco Radio Service Hint June 67 
Don't Overload Capacitors (Burke) Jan. 36 
Dynamic Tests with a Service Scope 

(Straughn) Apr. 46 
How to Make Your V.T.V.M. Reliable 

( Straughn) Aug. 30 
In -Home Television Service Techniques 

(Zbar) June 47 
Leaky Electrolytics in Transistor Circuits 

(Smith) June 39 
Mac's Electronics Service (Frye) Feb. 48 
Mac's Electronics Service (Frye) July 44 
Making the Most of Meter Movements 

(Farthing) Jan. 54 
Oscilloscope Lissajous Patterns 

(Special Chart) June 33-34 
Routine Job (Crandall) Apr. 78 
Salvaging Solt-Watered Radios (Mastin) Mar. 63 
Servicing Transistor Sets with a V.T.V.M 

(Stroughn) Oct. 56 
Solder Remover (Russo) Apr. 94 
Solving Square -Wave Test Problems 

(Hartkopf) Feb. 54 

December, 1962 

SEND THE HANDY COU- 
PON INDICATING YOUR 
NEEDS 

RO H N 
Manufacturing 

Company 
BOX 2000 

PEORIA, ILLINOIS 

ROHN 

The most Famous /Name in 

TOWER of ALL HMV 
Here are the advantages you get 
when you insist on 

ROHN TOWERS 
LARGEST FULL RANGE OF TOWERS -you can get any- 
thing from home TV and amateur radio towers to 
heavy -duty communication and micro -wave towers. 
Included are 170 foot self- supporting towers, 1.000 
foot guyed towers, and "fold- over" towers. Regard- 
less of your needs. ROHN can supply it. 
UNQUESTIONED LEADERSHIP IN DESIGN AND MANU. 
FACTURE -you get the latest in advanced tower engi- 
neering. All communication towers are engineered 
to EIA specifications, and are proved by thousands 
of installations. No other manufacturer can surpass 
the quality and fine reputation of ROHN. 
QUALITY MATERIALS AND WORKMANSHIP -Only high- 
est quality steel is used which fully meets the speci- 
fications for the job. ROHN towers are hot -dipped 
galvanized after fabrication -a feature ROHN pia.. 
!leered! 

SERVICE WHEREVER YOU WANT IT -ROHN represent - 
atives are world - wide. Complete erection service for 
communication systems, broadcasting, micro -wave, 
and other needs is available; also competent engi- 
neering service to help you. 

Settl for the BEST in TOWERS -ROHN -today the 
scurld's largest, exclusive manufacturer of towers of 
oil kinds! 

For your needs. contort your local ROHN salesman, 
,I,slrihutor or dealer; or irrite direct for information. 

ROHN Manufacturing Company 
Boo 2000 
Peoria, Illinois 
Send me complete literature on the following ROHN Products: 

Home TV Towers Amateur Towers 
Communication Towers AMFM Broadcasting Towers 

Woo. Towers Government 
Nome 

firm 

Address 

City State 
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R. E. T. S. ELECTRONIC SCHOOLS 
"World's Largest Resident Electronic Training Organization" 

OFFERS COURSES IN 
PRACTICAL ELECTRONIC ENGINEERING, ELECTRONIC 

TECHNOLOGY, INDUSTRIAL ELECTRONICS - AUTOMATION 
HAS OPENINGS 

FOR INSTRUCTOR PERSONNEL IN OUR DETROIT, NEWARK, 
PHILADELPHIA, BALTIMORE, BOSTON & MIAMI SCHOOLS. 

For Complete Information 
CONTACT THE NEAREST R.E.T.S. SCHOOL 

OR WRITE 
INTERNATIONAL HEADQUARTERS 

1625 EAST GRAND BLVD., DETROIT 11, MICHIGAN 
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to guide you 
to a 
successful future 
in 

ELECTRONICS 
RADIO -TV 
COMPUTERS 
ELECTRICAL 
ENGINEERING 
This interesting pictorial booklet 
tells you how you can prepare for a 
dynamic career as an Electrical En- 
gineer or Engineering Technician in 
many exciting, growing fields: 
MISSILES RADAR RESEARCH 
ELECTRICAL POWER ROCKETRY 

AUTOMATION AVIONICS 
SALES DEVELOPMENT 

Get all the facts about job opportu- 
nities, length of study, courses 
offered, degrees you can earn, 
scholarships, part -time work - as 
well as pictures of the Milwaukee 
School of Engineering's educational 
and recreational facilities. No obli- 
gation - it's yours free. 

MILWAUKEE SCHOOL OF ENGINEERING 

MAIL COUPON TODAY! 

L 
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MILWAUKEE SCHOOL OF ENGINEERING 
Dept. EW -1262, 1025 N. Milwaukee St. 
Milwaukee, Wisconsin Me -113 

Please send FREE "Your Career" booklet 
I'm interested in Electronics Radio -TV 

Computers Electrical Engineering 
Mechanical Engineering 

(PLEASE PRINT) 

Name....... 

Address 

City__ _....__.._..__....Zone._._.. State.._........_. 

I'm eligible for veterans education benefits. 
Mischarge date..._ _. _ _..... 

.5 

Should You Pull the Chassis? (Margolis)..Oct. 59 
Transistor Test Techniques with an 

Ohmmeter (Buchsbaum) July 66 
Transistorized TV Compensator 

(Wagner) Mar. 64 
TV Interference Problems (Oberto, 

K4GRY) Dec. 50 
Using the Oscilloscope Delayed Sweep 

(Buchsbaum) Aug. 26 
Value Check for Electrolytics (Mangieri) Mar. 42 

TEST EQUIPMENT 

Conar Model 211 V.T.V.M. 
(EW Lab Tested) Apr. 22 

Constant- Current Power Sources -Their 
Characteristics & Applications 
(Leichner & Smith) Oct. 60 

Counter as a Test Instrument 
(Buchsbaum) Nov. 48 

Digital Voltmeter (Collins) Sept. 45 
Directory of Color -TV Test -Pattern 

Generators Aug. 51 

Direct Writing Oscillograph (Shiver) Jon. 57 
Dosimeter (Gary) June 43 

Eico Model 680 Transistor & Circuit 
Tester (EW Lab Tested) July 75 

Eico Model 955 Capacitor Tester 
(EW Lab Tested) Aug. 72 

Eico.250 A.C. V.T.V.M. and Amplifier 
(EW Lab Tested) May 20 

Electrometer: Where It's Used, How It 
Works (Collins) July 33 

Electronic Aids for the Blind Oct. 50 
Instrumenting the Service Shop (Frye) June 30 
"Knight -Kit" Laboratory Oscilloscope 

(EW Lob Tested) Apr. 73 
Lafayette Model TE -20 Signal Generator 

(EW Lab Tested) Mar. 20 
Mac's Electronics Service (Frye) Mar. 44 
1962 Directory of Kit Test Equipment June 57 
1962 Oscilloscope Directory June 35 

Nuclear Radiation Gages for Industry 
(Buchsbaum) June 23 

Operational Amplifier (Rymsha) Oct. 37 

Photographic Oscillograph (Shiver) July 52 

Precision ES -150 Oscilloscope 
(EW Lab Tested) Oct. 101 

Sencore PS120 Oscilloscope 
(EW Lab Tested) Sept. 92 

Precision Model 650 Tube Tester 
(EW Lab Tested) Nov. 78 

RCA WG -360A Phase Checker 
(EW Lab Tested) Feb. 16 

Sencore SM112 Combination V.T.V.M. 
(EW Lab Tested) Feb. 20 

Sencore SS117 Sweep -Circuit Analyzer 
(EW Lab Tested) Apr. 72 

Service That Meter Movement 
(Hackett) Dec. 44 

Test Equipment for Communications 
Servicing (Smiley) June 44 

CONSTRUCTION 
Adjustable Current Fuse (Kaufman) ....Oct. 94 

Compact, Transistorized Impedance 
Bridge (Bammel) Aug. 46 

Dynamic Transistor Bridge (Bammel) May 52 

50 -Volt Transistorized Megohmmeter 
(Hileman) Mar. 45 

Improved Resistance Thermometer 
Bridge Mar. 75 

Miniature Transistorized Oscilloscope 
(Bar more) Feb. 40 

Multi- Output TV Test Generator 
(Shields) ...Apr. 36 

Oscilloscope Voltage Calibrator 
(Wiedeman) Sept. 32 

Preamp to Increase Oscilloscope 
Sensitivity (Van Houten) Dec. 74 

Silicon Rectifier Checker Nov. 98 

Transistor Sine -Wave Generator 
(Barmore) Oct. 72 

Voltmeter Field- Strength Adapter 
(Frederick, Jr.) Mar. 92 

White Noise: Its Nature, Generation, and 
Applications (Edwards) Nov. 40 

N 'I' It O U l (' I l) It l' U F F F: It 

FREE! 1 
POLY PAK OF YOUR CHOICE LISTED BELOW 

FREE WITH EVERY SIO.00 OFFER 
WORLD FAMOUS $1 POLY PAK KITS 

1 
20 PNP TRANSISTORS, '° 

- - 

S1 

i 20 NPN TRANSISTORS, f °' '° Si 

_) 10 2 amp SILICON RECT'R5, ,' Si 

I 25 TOP HAT SILICON RECTIFIERS SI 
] 10 MICROSWITCHES, I '. ' -s: Si 

110 TRANSISTOR SOCKETS, ° NIN Si 
J 25 POWER RESISTORS, "'' 0 10K Si 
J 60 ASST DISC CONDENSERS, ..02. to d KV Si 
1 10 PANEL SWITCHES, nurr,, r c . IWr Si 

o 
] 60 MICA CONDENSERS, t .oI'nr. 5 10'' S1 
J 25 SILICON DIODES op to 75°104. 3165i si 
] 40 PRECISION 1% RESISTORS, 'o 1 n'eit 51 

i 50 ASST RADIO -n -TV KNOBS, color. .Ise., 'Si 
] 10 ELECTROLYTICS, d0.í -0. Ante-. too s1 

10 ASST. VOL. CONTROLS, w'Sh Mwltch 100.. 51 
I 6 ASST SUN BATTERIES, to Dr" .1Se° S1 

' 4 PNP TRANSISTORS, like 2N107 Si 

10 ASST TRANSISTOR ELECTROLYTICS St 

$25 SURPRISE PAK, rwu re- wi.r, elr S1 

60 COILS -n- CHOKES, 11. u, 0. 
e 

eie s1 

60 TUBULAR CONDENSERS' 11111io,5mf tO I KV s1 

j 10 1N34 DIODES, ''niwr coded. lln, s1 

1 10 RCA PLUG -n -JACK SETS, Amps. inner Si 
11 60 CERAMIC CONDENSERS, Tuhulsr ". dl -e Si 

] 60 SOCKETS, reclO, 1.112e., unce.liI,Wr si j 60 HI -O RESISTORS, 1 . I. 2W, BPI ton s1 

,] 50 TERMINAL STRIPS, ul' io 12 lug, SI 

100 PRINTED CIRCUIT fart. 
5 GRAIN O WHEAT LAMPS, 3.2V wrholder 51 

1000 pc HARDWARE KIT, .ho0 mu.t Si 
60 ALLEN BRADLEY RESISTORS, sr too Si 
100 PART SURPRISE, '"ere e 

TESTED SILICON POWER 
Amps Solt.. de 

511 $0.19 
2 1011 

110 .44 
411)1 .77 

2 0110 .88 
o Pun 1.49 

12 r,o .88 
12 1nn .99 
12 2110 1.25 
12 11(11 1.88 

DIODE STUDS 
.\ump .,l 

1: 52.50 Se 
1.17 

35 10í0 1.95 
35 21111 2.50 
35 400 3.30 
SII Ito 1.49 
511 25 1.95 
50 50 2.88 
In 111 3,8 
0. - 4.9S 

TERMS: Mall with Cheek, nonev order: plus postage. 
..,\. wt, p'r Ink 1 11..; \Ii1 l,,r 11\IIGAIN F'I.YF.a.S. 

POLY PA K S S. P.O. 
BOX 

.ß` 

í942W 
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ELECTRONICS WORLD HAS 

A BUYER FOR YOUR USED 
EQUIPMENT OR COMPONENTS! 

The 200,000 purchasers of ELECTRONICS 

WORLD are always in the market for good 

used equipment or components. So if you have 

something to sell, let EW readers know about 

it through our classified columns. It costs very 

little: just 60c a word, including name and ad- 

dress. Minimum message: 10 words. 

For 
further 

information 
write: 

Martin Lincoln 
ELECTRONICS WORLD 
One Park Avenue 
New York 16, N. Y. 

BC -221 FREQUENCY METER. 
$69.50 "LINE NEW" . l I 11 , 

1.,1. 110,11. I checked ut Only 
RC same as above 

WITH MODULATION checked out ONLY 89.50 
RC -455 -6.9.1 Mc Receiver ........... 9.95 
AN APN -9 LORAN Receiver Indicator 5. 1111 

124.95 'III' Itl\'.'rter. 'her k r,l w1" k: 

AN'APN -4B LORAN Re with 
9.5D 21 I,,Sertr' I heeled 8 

AN APR4 ... 352200 MC Receiver with 
3J 59.5 D I Tuning Volts. Exce .......... 

MAGNESYN CO MPASS SYSTEM COMPLETE. 
conditi reading for plane or hon'. Excellent 24.95 condition. With Manual 

14.95 ARC -3 Transmitter 1110.150 MCASI. ..... . 

ARR -2 Receiver -I I Tube.. With ('R Con rer 6.95 

Send Money Order er Cheek with Order 
Write for Latest Flyer -LOADS OF BARGAINS! 

R W ELECTRONICS 
2430 S. Michigan Avenue Dent. EW 
Phone: CAlumet 5 -1281 Chicago 16, III. 

ELECTRONICS WORLD 
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TUBES & TRANSISTORS 
Mac's Electronics Service (Frye) Apr. 44 
1962 Tube Inventory for Service Shops 

(Larsen) May 42 
Short History of Semiconductors (Taylor) Oct. 104 
Testing the Tunnel Diode (Reed) May 29 
Transistor Characteristic Curve Trocer 

(Anderson) May 30 
Transistor Power Ratings & Heat Transfer 

(Jones) Mar. 66 
Transistor Precautions (McLaughlin) Feb. 94 
Transistors or Tubes for Hi -Fi? 

(Tepfer) Oct. 29 
Transistor Storage Effect (McGuire) Mar. 48 

TWO -WAY RADIO 
Business Radio Service (Pettengill) Dec. 42 
Coaxial Cable Communications Systems 

(Craig) Oct. 38 
Marine Radio Service Instruments 

(Robberson) July 30 
Private Radio Signaling (Craig) Mar. 28 
Transistorized Transmitter for College 

Stations (Barmore) Apr. 52 
WWV Frequencies Changed Slightly Mar. 71 

Answer to Electronic 

Crosswords 

(Appearing on page 83) 

T R A N S F O R M E R S 
E U H F H R I M U 

R O D MM C A M 
T R I S H S W G S 

I R O N C O R E S D 
A A E A L C I T 
R G N U O R O E 
Y U M A P E N T O D E 

R O T A D O B E 
R A T I N G A G O P 
G L O V E Z R A T I O 

R E G T Y R T 

PHOTO 1'I1F:1117'S 

Page Credit Page Credit 
20 Eke Electronic Instrument Co. 48, 49 Armour Research Foundation 
22 Fisher Radio Corporation 52 Motorola Inc. 

30 (top) Bendix Corp. 54 (left) National Company 
30 (bottom), 32 .Hughes Aircraft Corporation 54 (right) The Hallicrafters Co. 
31 (left) Bell Telephone Laboratories 55 (left) Hammerlund Mfg. Co. 
31 (right) Sperry Gyroscope 55 (right) Collins Radio Co. 
35 James B. Lansing Sound, Inc. 59 Nuclear- Chicago Corp. 
40 Exact Weight Scale Co. 64 Channel Master Corp. 
41 H M Postmaster -General 72 American Optical Co. 
42, 43 Radio Corporation of America 99 Brite -Lite Corp. 

A transistorized computer that automatically records individual or team scores in 
bowling, provides each player with a printed record, and projects scoring to an 
overhead screen has been developed by Bright -Lite Corp., Phoenix, Ariz. The com- 
puter, which receives information from automatic pinsetters when pins are knocked 
down, is to be contained in a desk -like console. Individual score cards, auto- 
matically imprinted, will also be projected onto a 3 x 5 foot overhead screen. The 
equipment works in conjunction with other automatic equipment, such as foul -line 
detectors and ball returns. One computer serves two lanes. The system could be 
coin operated. It is expected that bowling alleys would rent the equipment for use. 

December, 1962 
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TRANSISTORIZED 
ELECTRONIC IGNITION 

BM'. I, 
Increases power up to 10% ... assures 
fast starts at low end ... full power at 
high rpm ... up to 20% more mpg ... 
prevents fouled plugs ... increases spark 
plug life 3 to 5 times over normal ... in- 
sures 75,000 mile point life ... gives in- 
stant starting in sub -zero weather . . . 

eliminates frequent tune -ups ... simple 
20 minute installation by anyone ... cures 
ignition problems ... MOBILE RADIO IG- 
NITION INTERFERENCE REDUCED 50 %. 
In conventional ignition sysi ems. high volt- 
age at the spark plugs, falls off over 50'; as 
engine speeds increase. The result is a weak 
spark causing incomplete combustion. loss 
of power. fouled plugs and poor gas mile- 
age. The rugged AEC 77 electronic ignition 
increases and maintains maximum high 
voltage output at the spark plugs with no 
high voltage fall off at any speed. Its hot 
spark guarantees more efficient combustion. 
delivers full engine power at over 7.500 rpm with up to 20'; more mpg. 
WORLD CHAMPION 
RACING DRIVER PHIL 
HILL USES AEC 77 ... 
REPORTS- 

"AEC 77's strong spark 
can make up for a multi- 
tude of little sins, such as 
wont points or improperly 
gapped spark plugs. It will 
snake your car run 
smoother. particularly at the low end and 
will appreciably improve its performance 
and economy." 
Every AEC unit uses high quality compo- 
nents such as Delco high voltage 15 ampere 
transistors and Motorola 50 watt zener di- 
odes ... while others use two low voltage 
transistors in series with two 1 watt zener 
diodes. Every AEC Ignition coil is wound 
with Formvar insulated wire, oil impreg- 
nated and hermetically sealed for maximum 
insulation and cooling ... while others use 
enamel insulation in a tar filled coil that 
cannot handle the power AEC 77 delivers. 
Proven in over 2,000,000 mises of testing. 
AEC 77 is so dependable in performance de- 
sign and engineering, that every unit is reg- 
istered and GUARANTEED FOR 3 FULL 
YEARS. 

COMPLETE DO IT YOURSELF KIT! 
AEC 1(4 400:1 coil $32.95 

NEED COILS ONLY & BALLAST RESISTORS? 
400:1 Coil (1 3mh. primary) $11.95 
Ballast resistor .5 ohm 75 watt $ 1.25 

FACTORY WIRED UNITS, COMPLETE 
AEC 77 with 400:1 coil ratio, 6/12v $39.95 
AEC 77 P (British cars only), 6/12v $59.95 

ORDER NOW 
Please add 75( for postage and handling. 

25ro deposit on COD's. 

AEC ELECTRONICS, 387 Park Ave. S., N.Y. 
Industrial and Commercial inqu,ries invited 

AUTOMOTIVE ELECTRONICS CO. 
387 Park Ave. So., N.Y. 16, N.Y. 

Please Send Me. __ 

NAME 

ADDRESS 

Free Brochure on AEC units 
r_ 
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99 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


AN/ART-I3 100-WATT XMTR 
11 CHANNELS 
200-1500 Kc 

2 t5 18.1 Mc 

$ó9só 
OWN 

Complete smith T s 

Mt t 
t1 

k 11 

VEtt. 1111111 lo Slat too I 

P19,1 Is n Iutat, 1.13 in final ul I 

A heal "IiUT" Ham buy at our tow 

"' $79.50 AN ART.,] EMTA as above. Like New 
0.16 Low Fruo. Ose. Cod for ART13 
24V Dynamotor for ART -13 
Same 

Carry 
above nleletemline 

of snare part' 
39 o 

APR -1 Navy VI IF -UI IF radar se111i h L.et ivet 
KO Mc LO 950 Mc in 2 bands. BRAND 
NEW $79.50 
TUNING UNITS for nbovc: TN1. TN2. TN.I. 
B RAND NEW. rech $39.50 

AN /APR -4 RECEIVER only. :ts to 4000 arc in 
5 tuning unit ntngea. High precision bib instru- 
ment. Input 1 I V60 cc. Like New $79.50 
Tuning Units TN16. 17 In each $39.50 
Tuning Unit TN19. Brand New $89.50 
Tuning Unit TL'74 $149.50 

LIMITED QUANTITY SPECIALS! 
BC312 MOBILE RECEIVER I Re te. 14 

BC -312 for AC operation 
.t..l. 1.1.. Ni .. 

$89.50 
AN APT -5 AIRBORNE RADAR SET. syl II, 
N..... $49.50 
AN APT -5 BRAND NEW .. S69.50 
POWER SUPPLY for AN APT -S. 

514.95 

FAMOUS BC-645 TRANSCEIVER 
15 Tubes 435 to 500 MC 

40(141° 
toe. 
4 1er' ' teltit 

uñ InÌ 470GdIn 
o1m ruine. 

none than Hole :..I 

nHD \ 7F7. 4-7117. _ 

NEW 
1{Fn. --s 3 
'flr. . nN1,.ul''i 

1b:nut r Iq'.0.15 writ t 
.'Im:;,I:"n factory . 

$1 9150 rinPtmF .,s..gnl 23 Ms SECIAL!... 
PE101C Dynamotor. 12 21T mein. ... 
UNF Antenna Assembly. .. . . 

Complete Set of 10 Plugs. S so 
Cmitrol Box 2 25 

SPECIAL "PACKAGE" OFFER: 

S29.50 

rT, 1111 --I TG -34A CODE KEYER 
' ( 

1 
produces 

practice gnrt. re 
p.oduces coed autotope gnats re- 
corded on paper tape. By LSO of 

.d l i matte signals toprovides re Per 
s at Speeds from 5 to 25 WPM. 

ÇLike New, 
d Tested $26.50 

. I 

L J _ 1.1 
III \ . 

P 

MOBILE -MARINE DYNAMOTOR 
Model DM35 

Input 12V DC. Output: 825 V 
D li, 225 Ma. for p, sdo 
talk iWter ill! Ian 
Sip.: 1. 14 lbs. 

RAND NEW I$14.95í 

OTHER DYNAMOTOR VALUES: Excellent BRAND 
Type Input Output Used NEW 
DM -32A 28V 1.1A 250V .05A 2.45 4.45 
DM -33A 28V 5A 575V .16A 

28V 7A 540V .25A 1.95 3.75 
DM -340 12V 2A 220V .080A 4.15 5.50 
0M -534 28V 1.4A 220V .080A 3.75 5.45 
DM -64A 12V S.1A 275V .I5OA 7.95 
PE -73C 28V 20A 1000V .350A 8.95 14.95 
PE -86 28V 1.254 250V .050A 2.75 3.85 
DM -42A DYNAMOTOR 

III \ 

Sta. \.'t ` . 

DM -37 DYNAMOTOR` I 

CARTER GENEMOTOR 

BRANDT $8 95 LIBANO Ni w. p, r,,,l 

' 
M 

dMICROPHONES 
De.eri`t,on 

T17D. n Rand .tlke i RS-38 Na T. ne !land St 

1 
EXC. RAND, 
USED NEW 

54.45 $7.95 
e 3.93 . 5.75 I 

HEADPHONES Excellent BRAND 8 
Model Deteriotion Used NEW 

g NS -23.. High Impedance $2.18.. $4.49 
HS-33.. Low Impedance 2.99.. 4.59 

I U-160 U 
Imp 3.75... 7.95 

TELEP HONIICS 
NE\ \f 1 f :Ñ PAIR mbe.lance 

111..A0. 
53 25 - ' CD 307A 1 , r l and .11121. 1 k 99 

I:t aM aM aM sM sM sM MOM >a aM O 1M. MN 1 

S. 111111%%%%%%1111111111111' . 
IMPORTERS - EXPORTERS ; 

of ELECTRONIC EQUIPMENT $ 
SWe specialize in the export of military surplus; . electronic equipment: 

S S. \II at LOU EST IItLV.SII.INO1,'IIICES. I 
In addition 

Is. 
Hellh .hown o Oil.: page. we hate: 

. `n tnek tie .111.1111 for e.nurl e , OIl nllli- 
I:.nI..rl,I,Itie',..lulmllent 

made fur" World II. S 
.le :In \Var, anti later. 

Il IF YOU DON'T SEE WHAT YOU WANT HERE,$ 
WRITE US YOUR NEEDS. INQUIRIES WEL.S 
COMED. 

*SEND FOR LATEST FREE G & G BULLETIN OF; 
SURPLUS MILITARY ELECTRONIC EQUIPMENT. 

BAK...%%S WA NN111111111111 AWIP 

LORAN APN -4 
FINE QUALITY 

,\ /CIS 
NAVIGATIONAL EQUIPMENT 

exact geographic position of your boat 
or plane. Indicator and receiver complete with all 
tubes and crystal. 
INDICATOR ID -68 /APN -4, and RECEIVER 
R-913/ APN-4, complete with tubes, Exc. used 

Receiver- Indicator as above, BRAND NEW$88.50 
Shock Mount for above $2.95 

INVERTER POWER SUPPLY for loran. Made by 
FI Ipse- Pioneer Div. INPUT: 24 V DC l'r 75 A. 

OUTPUT: 115 V AC III 10.5 Amps, 800 cycles. Com- 
plete with two connecting plugs BRAND NEW$49.50 

12 -Volt Inverter Power Supply, Like New. P.U.R. 
We carry a complete line of spare parts for above. 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

Used in ships and aircraft. Deter- R_, 
knows xmitt radio signals from 
known xmitters. Accurate to within 
1% of distance. Complete with 
tubes and crystal. Exc. used. 
Value $1200.00. Our Price $79.50 
Used, less tubes, crystal and visor, but with 3BP1 
C.R. tube $29.50 

INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT - 

PUT: 115 V AC. 800 cy. BRAND NEW $49.50 

12 -Volt Inverter Power Supply, Like New .P.U.R. 
Shock Mount for above $2.95 
Cl II nit diagram and con more ng plugs available. 
We carry a complete line of spare parts for above. 

LORAN APN /4 ;y 
OSCILLOSCOPE e : 

Easily converted for use on e.. i 
radio -TV service bench. o.r4 
LIKE NEW! Less tubes, but 
including 5" Scope. $14.501 
IN pe SCPI only 

BENDIX DIRECTION FINDERS 
For igat 1 oats 

l' 7 ]Ir 
$19.50 

27.50 
. 4.95 

,i .. . lia .roll.. I , 
2.95 

SCR -274 COMMAND EQUIPMENT 1 
ALL COMPLETE LETE WITH TUBES Like 
Tem. Descrmtton Used NEW 

I 512.95 514.95 
1 12.45 17.95 

f 11.50 13.95 
1, 

Ito 
'I t' 111111111 Now S17.95 

110 Voll AG Power Supply nit. for all 2741% air. 
Alle' -6 IA eeotro. Complete wilt In tat $8.95 

lu-vucbun. 
l'+1. ior. wired, ' tested ready to operate..512.50 
SPLINED TUNING KNOB for 274 -N and Altt .. 
Ill. II I\'í 11\. Ells 11C -433. BC -471 and 49c 

a.1 ',1 tat. Transmitter. Ilrand NOW 512.95 
BC -457 TRANSMITTER -4 -5.3 Me. e11nlplete 
hid. all hams and crystal. TIRANO NEW.. $9.75 
Like New 57.95 
RC458 TRANSMITTER -5.:f to 7 MC Complete 
Al till,,- :.I..1 CTy' -Iola $10.95 
11110511 NEW 57.95 Like New 
719 TRANSMITTER a mica complete with $9.95 

1 e11Inl Eve. l'.ed 
BC -696 TRANSMITTER :1 -4 Isle Complete .;'1111 $11,95 
\II 111111.. A Trystod. Like New 
M1.í 1-P Modulator .... USED 3 45 NEW 5.95 
TD7 Modulator. Like New .. .59.95 

A'L ACCESSORIES AVAILABLE FOR ABOVE 

WE Mercury Relay \lilt!.-1,I..r.ol,.It coil u'IIh a I \' I 

l i , . : 1 1 e r . \ . 1 = I . - I 7 1 ' . " 1 , - I 1 hIIAN'I. NEW S2.95 

SCHEMATIC DIAGRAMS ;,°'tMO1 ;a7,r!, ". 7, "t. 65c 
Please include 25o. Deposit with ore -r- Balance C.O.D.. 
or Re.nttlance in Full. SOc Handl.n9 Clades on all orders 
under 55.00. All shipments F.0 S. Our Warehouse. N.Y C. 
All M.eh,,.olse soel Ct te P.1n. sale and P,.Ce Chan, 

G & G RADIO SUPPLY CO. 
Telephone: CO 7 -4605 

77 Leonard St. 
New York 13, N. Y. 

JUST RECEIVED! VICTOREEN RADIATION 
DETECTOR 

- (DOSIMETER) t 4 
$g95 

S45.00 SPECIAL. WHILE THEY LAST 

ARC -3 
RECEIVER! , 

111 

t from 
Pre selected 

1.9002. 
1 -12H6. 

15.00 
19.95 

Complete 

Eat:. 1119951 
ll-cd 
Like NEW .. ...S29.50. 
Cr .trolled 17.tube superhet. 
100 to 156 MC.. AM.. On any 

n Is. 28 -volt OC power Input. Tubes: 
6 ,6AN5. 1- 125H7. 3.12507. 1-9001. 
2-125447. 1.125L7. 1.12A6. 
Power Supply Nit for above 
Factory Wired and Tested 

ARC -3 TRANSMITTER 
al 

I i t l 11 ' ""^ l 

$ V95 
L, 

.. Ice. l'..il ... .....11 Is- .. S28.50 we n Condition . .. .. 
\I. .I el't' "lilt! rI'nN ('I)NT11h11, nn\ $5.95 

SPECIAL! BC -603 FM RECEIVER 

Converted for 35- to 50 MC. Brand 
checked Out 

SPECIAL 

$3450 

brand 
ew 

Rev? $5.95 

New $5.50 
4.93 

683 
l', I.. 1 Ide... 

On 
512.95 

for 

it for Bf.t6.95 
U NE.W' 
Tran %nnl ter.. 
NEW. V. $4.95 
tor ..uni. . 

EXTRA .."ET tF 10 TUBES FOR ABOVE. 
In 119;; u "1' 
FT 237 MOUNTING BASE for HCal :f 

o 

.I IIt' -' n I Stouter. 11ranr1 New 
art! 31V S)yzamotor for Above. 

Hrand 

,.st rioon Antenna,, for BC -603.1 6835, ReCelverS. 

AC POWER SUPPLY FOR BC603. 
I 

rehLotos 
IwIANGE. NI..E :I'I: t. 

1,l. Ma. 24V'AC ra 2 Amps 

C...tonieto 240.page Teeh,uCar Manual 
D 

IIC-604 TRANSMITTER- C..rll.anlon 
\. öh all When. BRAN" 

Section Alumna for BC 604. 684 
wait t inC base. Iiit\ %n 

we carry .1 co,nnh l1 at snare part, 

APN -1 FM TRANSMITTER -RECEIVER 
420 to 460 Mc Aircraft Radio altimeter 
T1111, s. 4.9SS. 3.125J'. 4.125117. 2-12446. 
I.VRISO: Complet. w s. brand as AP P41 I 1 

equipment. 
tl$11.95I 

9 
5 

TS -100AP 'SCOPE 
EXC. USED (worth $150) - 

OUR LOW PRICE $3950 - 
Brand New $69.30 

.T 
i II 

, 4 77 
'N' 

. 
- 

l 
Q 

4-. .- 

LM FREQUENCY METER 

T ...n' t, t 
$58.50 

BC -906 FREQ. METER ---SPECIAL 

BRAND EW. OUR 1.0W PRICE... $11.811 

BC -221 FREQUENCY METER r,- 
SPECIAL BUY! This excellent frequency 

'.dard is equipped with original cal- '.sl 
12ration C .Iras. and has ran es Iron) 
'5 KC lo 20.000 NC with Crystal Cheek 

Excel. Used Wiln o 1 

aÌ nCato...ton 'Book. Crystal. and / 
alla- tables -LIKE NEW! 
r I 1.. ..$72.50 Modulated ....59 .50 
HC 221" 1000 KC CrysM1 II,and Ne 58.95 

TS -16 APN TEST SET 

trOND NEW $14.50 

TEST SET 7S -175 U. 

$169.50 

$169.50 

$22.50 

Toi sT 

170 4 

SCR 625 MINE DETECTOR 

Complete portable r:Itf ! In original park $2750 
ing. with ali L s I .s. Brand N."..., 

2 VOLT BATTERY -'PACKAGE" 
I -2\'. 20 Amp. 117 Willard Stowage 

Bauer'. \L Adel 7202. :1.. x4" 
hic 1 .......... 

1 -2\x 7ó.11l o 
aloe 

._ vncnronous PlugI. 
1e 

1I 
í1J, 1 -Quart Botte Electrolyte Ifor 2í.a5 

cell- 
ALL BRAND NEW! $5 455 

Ca mnOnatinn Pm,. 1D JJ 

WILLARD 6 -VOLT MIDGET 
1I/ I STORAGE BATTERY 

r BRAND NEW. 

rI 2.95 
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ELECTRONICS MARKET PLACE 
RATE: 60C per word. Minimum 10 words. February issue closes December 5th. Send order and remittance to: 

SUPERSENSITIVE directional microphone picks up faint ELECTRONICS sounds at 300 feet. Detects sound through ordinary 
ENGINEERING walls. Easily built for $7.00. No electronic experience 

necessary. Illustrated plans, $2.00. Dee Company, Box AND INSTRUCTION 7263 -D, Houston 8, Texas. 

USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog Free. (Courses 
Bought.) Lee Mountain, Pisgah. Alabama. 
ELECTRONICS! Associate degree -29 months. Techni- 
cians, field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N 
Valparaiso, Indiana. 
FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood, Dallas. Texas. 
"DRAFTING, Reading Blueprints, Schematics. Send 
$2.00 first lesson, complete home course $25.00. 
Prior, Inc., 23 -09 169 Street, Whitestone 57, New 
York." 
TRANSISTOR Course -Gain practical, broad knowledge 
about transistors: Principles, Construction, Specifica- 
tions, Applications. Complete home study course. 
Individualized instruction. Licensed State of Pennsyl- 
vania. Free information. Price School, 2710 Laurel, 
North Hills, Pa. 

ENGINEERING and Art Degrees earned through home 
study. Electronics, mechanical, liberal arts. When writ- 
ing specify course desired. Pacific International Col. 
lege of Arts & Sciences, primarily a correspondence 
school. Resident classes also available. 5719 -C Santa 
Monica Blvd., Hollywood 38, California. 
Your classified ad in this space will be read by more 
than 200,000 buyers. It costs only 64 per word. For 
information, write: Martin Lincoln, Electronics World, 
One Park Avenue, New York 16. N.Y. 

FOR SALE 
TV Tuners -Rebuilt or Exchanged $9.95 complete - 
all types -fast, guaranteed service. Send tuner with 
all parts to: L. A. Tuner Exchange, 4611 West Jeffer- 
son Blvd., Los Angeles 16. California. 
TUBES --TV, Radio, Transmitting And Industrial Types 
At Sensibly Low Prices. New, Guaranteed, 1st Qual- ity, Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5.7000, Barry Electronics Corp., 512 
Broadway, New York 12N, N. Y. 

DIAGRAMS for repairing radios $1.00. Television $2.00. 
Give make, model. Diagram Service, Box 672 -E, Hart- 
ford 1. Conn, 
GOVERNMENT Surplus Receivers, Transmitters, Snoop- 
erscopes, Parabolic Reflectors, Picture Catalog 100. 
Meshna. Malden 48. Mass. 
TELEVISION camera kit, easy to build step by step 
instructions, suitable for Ham TV, Educational. Indus- 
trial, Medical uses. Craftsmen Instrument Labs Inc., 
60.30 34th Ave., Woodside L.I., N.Y. 
PRECISION Resistors, carbon -deposit. Guaranteed 1% 
accuracy. Millions in stock. 1/2 -watt. 8C. 1.watt. 120. 
2 -watt, 150. Leading manufacturer. Rock Distributing 
Co.. 902 Corwin Rd., Rochester 10. N.Y. 
SCHEMATIC diagrams, exact replacement parts or- 
ders: Japanese transistor or tube radios. recorders, 
transceivers, electronics equipment. Give model and 
manufacturer. $1. Techservices. CPO 849. Tokyo, Japan. 
CONVERT any television to sensitive, big- screen oscil. 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 
Dept. EW, Box 10563. Houston 18. Texas. 
"FREE- R.C.A., G.E. etc. tubes catalog. Discount to 
75% from list. Picture tubes at 75C inch up. Parts, 
parts kits at I 10 original cost. Needles. tube testers, 
silicons, seteniums 7" TV bench test tube - $6.99 - 
and more." Arcturus Electronics Corp., E.W. 502-22nd 
Street, Union City, New Jersey. 
INVESTIGATORS, free brochure, latest subminiature 
electronic listening devices. Dept. 118. 11500 NW 7th 
Ave.. Miami 50, Florida. 
SAVE money! Amazing circuit increases tube life in TV, 
Hi -Fi, etc. Plans $2.00. Lewis, P.O. Box 211, Cherry 
Hill. N.J. 

BEFORE you buy receiving tubes, test equipment. Hi -fi 
components, kits, parts, etc.... send for your giant 
free Zalvtron current catalog, featuring Standard brand 
tubes: RCA, GE, etc. -all brand new premium quality 
individually boxed, one year guarantee -all at biggest 
discounts in America! We serve professional service- 
men, hobbyists, experimenters, engineers. technicians. 
Why pay more? Zalytron Tube Corp., 220 West 42nd 
St.. New York City. 
SAVE dollars on radio, TV- tubes, parts at less than 
manufacturer's cost. 100% guaranteed. No rebrands. 
Dulls. Request Bargain Bulletin. United Radio 1000 -W, 
Newark, N.J. 

F CIRCLE NO. 120 ON READER SERVICE PAGE 

TV TUNERS rebuilt or exchanged, $9.95. Fast, guaran 
teed. Complete crystal alignment. Valley Tuners, 18530 
Parthenia. Northridge, Calif. 
"LISTEN -IN- COIL" picks up any telephone conversation 
in vicinity. No connection to telephone necessary. 
Easily concealed. $2.98 complete. Acoustical Research, 
512 -D East 80 St., N.Y.C. 
TRANSISTORS, Diodes, Rectifiers, S.C.R. Etc., Name 
Brands, top quality. Experimenters, students. schools, 
semiconductors kits available. All spec guaranteed 
Write for our free price list. Autocrat Inc., P.O. Box 
536, Dept. C, Dayton 6, Ohio. 
$14.50 For $37.50 Fairchild SM.2 Stereo magnetic 
Cartridge with Diamond. New with factory warranty. 
500. Handling. Improve Your Sound: Order Now! Yale 
Electronics, 2732 Florida Avenue, Tampa 2B, Florida. 
PRE -Christmas Specials- Amateur Band Receivers - 
new, factory-sealed cartons -Hammarlund HQ17OC, 
Hallicrafters SX101A, SX111, others. Write for prices. 
Organs & Electronics, Lockport, Ill. 
ATTENTION: A Thrilling Find: We Have lust Uncovered 
a Collection of Original Antique Edison Cylinder 
Phonographs, Released From 50 Years of Storage. 
Each in Perfect Working Order and Shape. Each Com 
plete with Outside Concert Horn with Stand and 12 
Original Cylinders. Each $70.00 Extra Cylinders $1.00 
Each. Tracy Storage Company, 114 State, Brewer, 
Maine. 
METERS -Multimeters Repaired and Calibrated. Free 
Estimates. Bigelow Electronics, Bluffton, Ohio. 
ROCKETS: Ideal for miniature transmitter tests. New 
illustrated catalog, 25C. Single and multistage kits, 
cones, engines, launchers, trackers, technical infor- 
mation, etc. Fast service. Estes Industries, Penrose 17, 
Colorado. 
DIAGRAMS: Radio 5.75, Television $1.50. Baker, 129 
Cooper, Santa Ana, Calif. 

WANTED 
WANTED: Collins, Hammarlund Receivers SP -600, 511, 
R -390A, R.388. Teletype, Kleinschmidt. Cash, or trade. 
Alltronics- Howard, Box 19, Boston 1, Mass. (Richmond 
2. 00481. 

CASH Paid! Sell your surplus electronic tubes. Want 
unused, Clean radio and TV receiving, transmitting 
special purpose, Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab test equip- 
ment such as G.R.H.P.. AN UPM prefix. Also want 
commercial Ham Receivers and Transmitters. For a 
Fair Deal write: Barry Electronics Corp., 512 Broad- 
way. New York 12. N. Y. (Walker 5- 7000). 

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Massa. 
chusetts. 
ARMY Sets or Parts- GRC- PRC- FRR,URR- TCC -SB 
-SCR -Send Listings -Quick Cash. Anker Electronics, 
1617 So. Main St.. Box 26. Wilkes- Barre. Pa. 

TAPE AND RECORDERS 
TAPE Recorders, HI -FI Components. Sleep Learning 
Equipment, Tapes. Unusual Values. Free Catalog. Dress - 
ner, 1523 EW Jericho Turnpike. New Hyde Park 10, N.Y. 
RENT Stereo Tapes -over 2.500 Different -all major 
labels -free catalog. Stereo- Parti, 811 -G, Centinela 
Ave.. Inglewood 3. California. 
SELF -Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Publishers, 
Dept. T6. Box 3038. San Bernardino, California. 
"47 TR Stereo Tapes -bought, sold, rented, traded! Free 
Catalog/bargain closeouts. (Columbia) 9651 Foxbury, 
Rivera, California. 
SAVE 30% Stereo music on tape. Free bargain catalog, 
blank tape recorders, norelco speakers. Saxitone. 1776 
Columbia Road. Washington, D.C. 

HIGH -FIDELITY 
DISGUSTED with "Hi" Hi.Fi Prices? Unusual Dis- 
counts On Your High Fidelity Requirements. Write. 
Key Electronics. 120 Liberty St., New York 6, N. Y. 
DI6 -4191. 
PRICES? The Best! Factory-sealed Hi -Fi Components' 
Yes! Send for free catalog. Audion. 25T Oxford Road, 
Massapequa. N.Y. 

ELECTRONICS WORLD, One Park Ave., N. Y. C. 16, N. Y. 

RECORDERS, Components! Free wholesale catalogue! 
Carston. 125 -R, East 88. N.Y.C. 28. 
INDUCTORS for Crossover Networks, 118 types in 
stock. Send for brochure. C & M Coils, P.O. Drawer 
1147, Huntsville. Ala. 

LOW, LOW quotes: all components and recorders. Hi-Fi, 
Roslyn 9. Penna. 

WRITE for our low quotation on components. recorders. 
Hi- Fidelity Supply, 2817 -VC Third. N.Y.C. 55. 

KARLSON Speaker Enclosures, Systems and Kits. 
Wholesale Retail. (Dealers, Salesmen wanted; Western 
States, Hawaii.) Parasonic Laboratories, Orcutt, Cali- 
fornia. 
BUILD Transistorized Multiplex Adapter. Printed cir- 
cuit board, parts list, schematic, instructions. $4.95 
postpaid. Pacific Instrument Laboratories, 1245 W. 
Norgate Road, San Dimas, California. 

REPAIRS AND 
SERVICING 

TV TUNERS REBUILT AND ALIGNED per original factory 
specifications using xyal controlled equipment only 
$9.50. 24 hour service for unmutilated units. Ship com- 
plete tubes or write for free mailing kit and dealer 
brochure. J W ELECTRONICS, P.O. Box 51A, Blooming- 
ton, Indiana. 

RECORDS 

RARE 78's. State Category. Write Record -Lists, P.O. 
Box 2122, Riverside, Calif. 

HELP WANTED 

EARN Extra money selling advertising book matches 
Free Samples furnished. Matchcorp, Dept. MD.122. 
Chicago 32. III. 

GOVERNMENT 
SURPLUS 

JEEPS $278. Airplanes $159, Boats $7.88, generators 
$2.68, typewriters $8.79, are typical government sur- 
plus sale prices. Buy 10,001 items wholesale, direct. 
Full details, 627 locations and procedure, only $1.00. 
Surplus, Box 177 -C33. Abbottstown, Penna. 
U.S. GOVERNMENT SURPLUS -Jeeps, $264.00: radios, 
$2.53: guns. typewriters: cameras: tools: thousands 
of items. Fabulously low surplus prices. Complete in- 
formation sent immediately. Send $1.00 to: Surplus, 
P.O. Box 50512. Dept. R. New Orleans 50, Louisiana. 

SHOPPING GUIDE 
CLASSIFIED 

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY 
ELECTRONIC, BUT OF WIDE GENERAL INTEREST. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

SCIENCE Bargains Request Free Giant Catalog "Cl" 
-144 pages- -Astronomical Telescopes, Microscopes. 
Lenses. Binoculars, Kits, Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 
MEDICAL FILM -Adults only- "Chilcbirth, one reel, 
8mm $7.50; 16mm $14.95. International W, Greenvale. 
L.I., New York. 
8MM 50' Popeye; Our Gang; Cowboys: Chaplin. $1.00. 
Paketeria, GPO 1357, N.Y. 1. 

STAMPS AND COINS 
SMASHING collection free. Includes triangles, early 
United States, rockets, sports, British colonies, high 
value pictorials, etc. Complete collection plus big. il. 
lustrated magazine, all free. Send IOC for postage. 
Gray Stamp Co.. Dept. Z2, Toronto. Canada. 
MILLION Foreign Stamps! 2C each! Send for thrilling, 
giant approvals! ABC, Box 6000 -AB. San Francisco 1, 
California. 
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EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep. hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep- Learning Association, Box 24 -ZD, Olympia, 
Washington. 
LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 7021, Dept. 
e.g.. Lexington, Kentucky. 

BUSINESS 
OPPORTUNITIES 

I Made $40.000.00 Year by Mail Order! Helped others 
make money! Start with $10.00 -Free Proof. Torrey, 
Box 3566 -N, Oklahoma City 6, Oklahoma. 
ASSEMBLE artificial lures at home for stores. Ma- 
terials supplied free. Profitable! Write: Lures, Ft. 
Walton Beach 1, Florida. 
$100 weekly possible. Compile mailing lists and ad- 
dress envelopes for advertisers. Home -spare time. 
Particulars free. National Service, 81, Knickerbocker 
Station, New York City. 

MISCELLANEOUS 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St.. New York 1. 

HYPNOTIZE Unnoticed, quickly, effortlessly, or re- 
fund! Thousands satisfied! $2, Timner, Box 244, Cedar - 
burg, Wisc. 
HOMEBREW GUIDE. Complete illustrated instruction 
manual, $1.00. Supply catalog included. Cal -Brew Sup- 
plies, Box 1005 -B14, Seaside California. 
HOMEBREWING! ... Beers ... Wines. Instruction man- 
ual $1 (guaranteed!). Crystal's, M71 -ZD6, Hoboken, New 
Jersey. 
MODERN HYPNOTISM! . . Quick . Powerful . 

Un- noticed. Extra: Self- hypnosis. SI complete (guaran- 
teed!) Crystal's, M71 -PZD3, Hoboken, New jersey. 
WRITERS Send Your books, articles, stories, plays for 
free evaluation. screening and sale. Write today! Liter- 
ary Agent Mead, 915 Broadway, N.Y.C. 10. 

RESUMES -custom written by experts from your fac- 
tual notes. Earn more by presenting yourself to pros- 
pective employers effectively. Send complete lob, 
educational history and personal facts plus $20.00 
(cash or money orden for typewritten manuscript and 
one copy of your own personal resume, $30.00 for 200 
copies printed on white bond paper. J. Ross, 63-61 
Yellowstone Blvd., Forest Hills 75, New York, Dept. EW. 

SEND ELECTRONICS WORLD 

EVERY 

MONTH 

naine 

address 

city 

stato 

I:Iri lrimü \\nrld 

zone 

Check one: 3 years for $12 
2 years for $9 [ ì 1 year for $5 

In the U.S., and possessions. 
Payment enclosed K Bill me 

Foreign rates: Canada and Pan American 
Union countries, add .50 per year; all 
other foreign countries, add $1.00 
per year. 

New Renewal 

\tail to: ELECTRONICS WORLD 
Dept. EW 1262H, 434 S. Wabash Ave. 

Chicago 5. III. 
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ADVERTISERS INDEX 

Reader Reader 
Service No. Advertiser Page No. Service No. Advertiser Page No. 

155 Acoustic Research 22 127 lampkin Laboratories, Inc. 95 

101 Advance Electronics 76 
128 McGee Radio Co. 87 

102 Allied Radio 85, 86 
129 Micro Electron Tube Co. 72 

162 Anglo American Acoustics Ltd. .... 96 
130 Milwaukee School of Engineering .. 98 

Arrow Sales 82 
131 Moss Electronic, Inc. 66 

104 Aubanel Publishers 94 
132 Motorola Training Institute 77 

105 Automotive Electronics Co. 99 

133 Nation -Wide Tube Co. 93 
106 B & K Manufacturing Co. 11 

National Radio Institute .... 67, 68, 82 
Bell Telephone Laboratories 14 

159 North American Philips Company, 
107 Blonder- Tongue 62 Inc. 65 

108 Brooks 91 134 Nortronics Company, Inc. 95 

109 Burstein -Applebee Co. 91 

Oelrich Publications 78 

110 Cadre Industries Corp. 24 
135 Olson Electronics Inc. 66 

111 Candee Co., J. J. 92 
136 Olson Electronics Inc. 83 

Capitol Radio Engineering 
Institute, The 25 137 Palmer Electronics Labs. 87 

112 Channel Master 26, 27 138 Peak Electronics Co 80 

Cleveland Institute of Electronics .. 5 139 Poly Paks 98 

113 Columbia Electronics 84 

140 Ouietroie Company 82 
114 Columbia Products Co. 90 

Conar 73 RCA Institutes, Inc. 16, 17, 18, 19 

156 Cornell Electronics Co. 89 141 R.E.T.S. Electronic Schools 97 

Dressner 95 R W Electronics 98 

142 Rad -Tel Tube Co. 66 
115 EICO (Electronic Instr. Co. Inc.) .... 28 

Radio Corporation of America 
116 Electro- Voice, Inc. 82 FOURTH COVER 13 

117 Electronic Chemical Corp. 76 Relco 84 

118 Embry -Riddle Aeronautical Institute 69 143 Rider Publisher, Inc., John F. 4 

119 Fair Radio Sales 78 144 Rohn Manufacturing Company .... 97 

120 G & G Radio Supply Co. 100 145 Soins 8. Co., Inc., Howard W. 63 

121 Goodheart Co., R. E. 81 160 Some & Co., Inc., Howard W. 79 

122 Grantham School of Electronics . 7 146 Scott Inc., H. H. 2 

157 Grommes Div. of Precision 147 Sencore 8 

Electronics, Inc. 10 
148 Sonotone Corporation 12 

161 Grove Electronic Supply Company . 96 
149 Sprague Products Company 1 

158 Hallicrafters 9 150 Standard Kollsman Industries, Inc. 
THIRD COVER 

123 Heath Company 70, 71 

Switchcraft 96 
Henshaw Radio Supply 95 

Indiana Technical College 72 Texas Crystals 92 

International Radio & Electronics Tri -State College 84 

Corp. 87 
151 Triplett Electrical Instrument 

Company, The ....SECOND COVER 
124 Jackson Electrical Instrument Co. 77 

163 Jensen Manufacturing Company 76 Valparaiso Technical Institute 90 

125 Key Electronics Co. 80 
152 Watsco 6 

Kuhn Electronics 78 
153 Weathers Industries 61 

126 Lafayette Radio 21 154 Winegard Antenna Systems 23 
Printed in U.S.A. 

ELECTRONICS WORLD 
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Standard Made It... 1.'10 

STANDARD CAN FIX IT BEST 

S1150 Plus Parts ... $13.50 Maximum Total Cost 
EE Specially designed shipping cartons to prevent d 

(i Months 
GUARANTEE 
Only BRAND NEW PARTS Used 48 Hou 
Service on All STANDARD Tuners Latest 

Testing Techniques Assure Proper Alignment 
$3.00 Defective Tuner Trade -in Allowance 

Against a New STANDARD Replacement Tuner 
Carrying a 12 MONTH GUARANTEE 

it 

IN TV IT'S LS:), .4 1z'WC, 

STANDARD has maintained uniform 
mounting centers for the last 13 years. 
Over 507, of the TV sets in existence today 
have STANDARD tuners -in the case of 
most other tuners one of the 8 STANDARD 
replacement models can be easily adapted 
or will fit directly in place of these units. 
All STANDARD replacement tuners 
carry a 12 Month Guarantee. 

SEE YOUR AUTHORIZED 
STANDARD DISTRIBUTOR 

MORE PROFIT FOR THE SERVICE DEALER GREATER CUSTOMER SATISFACTION GUARANTEED BY THE WORLD'S LARGEST TV TUNER MANUFACTURER 

standard kollsman INDUSTRIES INC. 
FORMERLY STANDARD COIL PRODUCTS CO., INC., MELROSE PARK, ILLINOIS 

CIRCLE NO. )50 ON READER SERVICE CARD 
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S GN 
sine 

We seR 

Rae 

Al SUL 
RCA TUBES 

v ©® 
with colorful service signs from RCA 

RCA signs for service technicians: 

Identify your business 

Call attention to your services 

Dress up your shop or truck 

Associate you with the prestige and 

customer acceptance of RCA -the most 
trusted name in electronics 

Another Way RCA Helps You in Your Business 

RCA ELECTRON TUBE DIVISION. HARRISON. N.J. 

RADIO TV 

SERVICE 
with RCA tubes*. 

Metal Outdoor Hanging Sign -double-faced with 

hanging bracket, 40" x 28 ". (1A1275) 

RADIO SERVICE 
®with RCA tubes Z' 

All- Purpose Panel Sign Kit -for wall, truck 
anyplace. Contains two 40" x 14" signs. 
(1A1278) 

TV HI-Fl 

SERVICE 
with RCA tubes Z. a 

Metal Wall Sign -big 40 "x 28" size. (IA1276) 

RADIO HI-FI 

SERVICE 
rill RCA ma 

Metal Flange Sign -18" D Cal- 121" x 81 
2" -far outdoor -Indoor for wall, window, door, 
isplay. (1A1277) or truck. (1A12791 

All available from your Authorized RCA Tube Distributor. See him this week. 

The Most Trusted Name in Electronics 
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