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HERE'S A COMPACT DESIGN 

IT'S THE SLIM, TRIM NEW 
330 MICROPHONE SERIES 
Dynamic, Ceramic and Cytrstal Models 

BY AST TIC 

ACTUAL 
SIZE 

never before such quality of performance and 
versatility of application at such low price 

Yes, here's a classic design in modern, compact microphones -small, slender, unobtru- 
sive, a beauty in simplicity. But the greatest achievement is in the magnificent performance 
quality of the Series among a great host of applications. 

The Dynamic Models 335H (high impedance) and 335L (low impedance) operate 
with highest quality characteristics in TV and radio broadcast usage, in professional or 
home recording, public address, almost unlimited other lavalier, hand or stand applications. 

The Ceramic Model 331 is a voice range unit specifically engineered for excellence in 
communications applications, 27 megacycle citizens' band use, and paging. 

Ceramic Model 333 is a wide -range microphone offering a similarly high new level 
of perfection for tape recording, P. A. Systems, etc. 

Crystal Model 332, with satin chrome body and cap, black grille, is already famous 
through widespread use. Performance throughout the series is of the highest order. THUS, 
THE GREATEST NEWS OF ALL CONCERNING THESE NEW ASTATIC UNITS IS 
THEIR AMAZINGLY LOW COST! Check out these new Asiatic Microphones at your 
first opportunity. 

Model Type 
Frequency 

Output Range Impedance Finish List Price 

331 Ceramic -56 db 300- 5,000 High ) 
1' 

High 

High t 
LOW 

Black Body 
and Grille, 
Chrome Cap 

$17.90 

333 Ceramic -58 db 30- 12,000 17.90 

335H Dynamic -56 db 50. 12,000 TV Grey Body, 
hrm 

and illCe 

ap 
26.50 

335L Dynamic 37 db 30.12,000 23.50 

NOTE: Model 331 has momentary - 
on, spring -return switch, is fur- 
nished with hang -up bracket. 
Cable provides for audio and re- 
lay connections. All other 
models have slide switch with 
"lock -on" position, are complete 
with lavalier and stand adaptor 
with 3'e "27 thread. 

THE WOULD OVE 

CORPORATION, CONNEAUT, OHIO 

In Canada: Canadian Asiatic Limited, Toronto, Ontario 
Export Sales: Roburn Agencies, Inc., 431 Greenwich St., N. Y. 13, N. Y., U. S. A. 

GO BY BRAND . . 

GO BUY ASTATIC 
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Train at Home for Success in RADIO 
TELEVISION ELECTRONICS 

You Learn at Home by Actual Practice 
With NI;_ kits you build actual Radio- Television circuit, and testing 
instrument. Practice locating and fixing Radio-Tele'.-ision troubles. Learn 
soon to earn extra money. 

Good Jobs in Radio -TV Communications 
NRI trained men hold good ;obs as operators aid toehnicians in Radio 
and Television broadcasting stations, twit!. Police, Marine and Aviation 
stations. Interesting work, aaod pay. 

There's Good Pay in Radio -TV Servicing 
NRI trained tecltniciar 
million home and auto 
opportunities. Excellent 

JULY, 1960 

:s ace needed, 7.ia well, to help maintain 150 
Radios, 38 milfoa TV sets. Color TV adding 

field for spare tinte earning. 

Join the thousands N.R.I. has trained 
for Successful Careers in Radio -TV 

Get the benefit of NRI's 4U years experience 
training men for success in this field. Get personal 
attention of experienced instructors. Also get 
practice with Radio -TV equipment -learn by 
doing -with kits supplied as part of your course. 
Courses are easy to learn. Most successful NRI 
men start without any knowdege of Radio, many J. E. Smith 

without a high school education. l'° "der 

Find Out What Radio -TV Offers You 
As trained Radio -TV Technician, you are prepared to .;upply 
much needed services. The technician is a respecte _l and 
appreciated member of his community. Get Sample Lesson 
FREE. See how practical NRI has made learning at home. 
Mail the coupon. You also get 64 -page Catalog telling about 
NRI, the lessons, equipment supplied, instruction s7.-:,-.-ices. 

N.R.I. TRAINED THESE MEN FOR SUCCESS 
"I an: a police captain and have "Received my Licence ; TO work- 
s good spare time Radio- Televi- ed on ships. Now Chip( Engineer 
sion service business. Just opened ' - Station WAPA. Cra sful to 
new shop." C. W. LEWIS, ,,, N R.I. R. D. ARN')ID, Rum- 

, ' Pensacola, Florida. ford, Rhode IsLmd. 

/ "Enrolled while meat market 
manager. Got serviceman job. In 
a year my pay increased 50 %." 
C. CARTER, San Bernardino, 
CLlifornia. 

"Have a Radar 'roe. Also do 
spare time Radio -T Ievi : on serv- 
icing. Have my awn amateur 
Radio Station." F. Z.WAKE, 
Scranton, Pennsylvania 

Added Income Soon -$10, $15 

a Week in Your Spare Time 
Soon after enrolling, many NRI students earn $10,$15 a extra 
fixing sets in spare time. Vacuum Tube Voltmeter you build parts 
we send helps you locate and fix troubles. Special lessons :- y you 
how. Many students use spare time earnings to pay for their wining, 
and provide capital to start their own businesses when they gi t their 
National Radio Institute Diploma. 

Color TV Making More Jobs 
Radio -Television is an industry noted for continued and sp ocular 
growth. Number of trained men employed has increased stead... Color 
TV and other late developments are creating need for more tec-isc icians. 
The future is very bright for trained men. Find out how you can get 
ready at low cost, on easy terms. Send for FREE Sample Legs - .n and 
Catalog. Mail coupon today -National Radio Institute, Dept. OGF, 
Washington 16, D. C. 

VETERANS -Approved under GI E 4IIs 
;t,i How Elec.nc.y 

L p,oauc.d . 

for t'i,rni. 

Job and Career 

Opportunities 

Send for 
Sample 
Lesson and 

Catalog 
FREE 

MAIL COUPON TOD 
NATIONAL RADIO INSTITUTE 
Dept.OGF, Washington 16, D. C. 
Please send me sample lesson of your Radio -Te'o m 
Training and catalog FREE. (No salesman will est 

Name_ 

Address_ 

City 
`ACCREDITED 

Alp- 

Zone__- State_ 
MEMBER, NATIONAL HOME STUDY C NCI` 1 
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OUR ll1ERS n 
01 ELECiR0YC 

\PUBLISHItiC 

JULY, 1960 

I Radio-Electronics 
Formerly RADIO -CRAFT In.orporatingSHORT WAVE CRAFT TELEVISION NEWS RADIO C TELEVISION° 

EDITORIAL 
25 Around the World in 80 Seconds -M. Harvey Gernsback 

ELECTRONICS 
26 The Tunnel Diode Story -R. L. Watters and J. V. Claeys 
29 Electronics Goes Down to the Sea (in Small Boats) -Newell Garden 

)/ 30 Underwater Metal Detector -Kenneth Richardson 
31 Roundword Puzzle -Michael L. Nahrwold 
32 Air Ionizers -Harold B. McKay 
33 Electronic Camera Takes Movies 
34 Principles of Modern Radar, Part II- Jordan McQuay 
36 Automatic Recycling Timer -L. E. Fannon 

TEST INSTRUMENTS 
37 Troubleshooting Sweep Circuits -Val Sykes 
39 An Audio Comparator -J. E. Pugh, Jr. 

V 40 Test Adapters- Robert F. Scott 
44 Capacitor Test Box -James A. Fred 

WHAT'S NEW 
45 Pictorial Reports of New Developments 

INDUSTRIAL ELECTRONICS 
46 Semiconductors for Industrial Controls -Tom Jaski 
49 Oscillographs in Action -J. H. Thomas 
52 Polyoptic Sealing Makes Better Tubes 

Por 53 Servomechanisms -How They Work -E. L. Safford, Jr. 
55 New Secondary Time Standard 

TELEVISION 
56 Servicing Horizontal Output Stages -R. D. Jacques 
59 TV Service Clinic- Conducted by Jack Darr 
61 The Gibbons Substituter -Harold Davis 

AUDIO -HIGH FIDELITY 
68 High -Fidelity Test Panel -Herman Burstein and C. B. Graham 
74 FM Multiplex in England 
76 4 -Track Stereo -Matchbox Size -Keith C. Johnson 
81 More Bass from Smaller Loudspeakers -Norman H. Crowhurst 
88 Mixing and Matching to Audio Inputs -Harold Reed 

RADIO 
V 92 Shirtpocket Reflex for Local Listening -Alvin Mason 

94 New Developments in Radio Circuitry -Henry O. Maxwell 
96 Reserve Power for Survival -Sol D. Prensky 
97 How Much Rf? -Irvin C. Chapel 
98 Interference -Causes, Remedies and Location- Forrest H. Frantz, Jr. 

116 Business and People 6 News Briefs 
18 Correspondence 110 Noteworthy Circuits 

120 New Books 106 Technicians' News 
118 New Literature 112 Technotes 
109 New Patents 114 Try This One 
104 New Products 113 50 Years Ago 
102 New Tubes and Semiconductors 

RADIO -ELECTRONICS is indexed in Applied Science & Technology Index (Formerly Industrial Arts Index) 

ON THE COVER 
(Story on page 291 

Sales and service of small- 
boat radio and electronic 
equipment are fast -growing 
fields. Photo shows 7 -inch 
radar and miniature depth 
sounder on small power boat. 
Equipment may also include 
fuel -vapor detector, direction 
finder and radiophone. 

Color original by Raytheon 

Hugo Gernsback 
Editor and Publisher 

M. Harvey Gernsback 
Editorial Director 

Fred Shunaman 
Managing Editor 

Robert F. Scott 
W2PWG, Technical Editor 

Larry Steckler 
Associate Editor 

I. Queen 
Editorial Associate 

Elizabeth Stalcup 
Production Manager 

Wm. Lyon McLaughlin 
....Tech. Illustration Director 

Richard A. Giurlando 
Art Director 

Fred Neinast 
Staff Artist. 

Lee Robinson 
....Director, Advertising Sales 

John J. Lamson 
Eastern Safes Manager 

G. Aliquo 
Circulation Manager 

Adam J. Smith 
Director, Newsstand Sales 

Robert Fallath 
Promotion Manager 

ABC, 

Average Paid Circulation 
Over 174,000 

RADIO- ELECTRONICS. July, 1960, Vol. XXXI. No. 7. Published monthly at Mt. Morris, Ill., by Gernsback Publications, Inc. Second -class postage paid at SIt. Morris. 
Ill. Copyright 1960 by Gernsback Publications, I cc. All rights reserved under Universal, International and l'an -American Copyright Conventions. 
SUBSCRIPTION RATES: U.S., U.S. possessions and Canada, $4.00 for one year; $7.00 for two years: $10.00 for three years. Pan- American countries $5.00 for one year: $9.011 
for two years; $13.00 for three years. All other countries $3.50 a year; $10.00 for two years; $14.50 for three years. 
SUBSCRIPTIONS: Address correspondence to Radio- Electronics, Subscription Dept.. 154 West 14th St.. New York 11. N.Y. When requesting a change of address, please fur- 
nish an address label from a recent issue. Allow one month for change of address. 
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Chairman of the Iteard: M. Harvey Gernsback. President; G. Aliquo, Secretary. 
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POSTMASTER: If undeliverable, send Form 3579 to: RADIO -ELECTRONICS. 154 West 14th St.. New York 11, N.Y. Trademark registered U. S. Pat. Office. 
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NOW! 
at a price 

rd! 

I I 

you can afro 

BETTER...MORE COMPLETE...LOWER COST... 
WITH NATIONAL SCHOOLS SHOP- METHOD 

HOME TRAINING! 
BETTER...Training that is proved and tested 

in Resident School shops and 
laboratories, by a School that is 
the OLDEST and LARGEST of 
its kind in the world. 

MCRE COMPLETE...You learn ALL PHASES of 
T elerision- Radio- Electroni Cs. 

LOWER COST...Other schools make several courses 
out of the material in our ONE 
MASTER COURSE and you 
pay more for less training than 
you get in our course at ONE 
LOW TUITION ! 

CS 

v 

TOP PAY... UNLIMITED OPPORTUNITIES 
LIFETIME SECURITY CAN BE YOURS! 

You are needed in the Television, Radio, and Electronics industry ! 

Trained technicians are in growing demand at excellent pay- in 
ALL PHASES. including Servicing, Manufacturing, Broadcasting and 
Communications, Automation, Radar, Government Missile Projects. 
NATIONAL SCHOOLS SHOP- METHOD HOME 
TRAINING, with newly added lessons 
and equipment, trains you in your 
spare rime at home, for these unlim- 
ited opportunities, including many 
technical jobs leading to supervisory 
positions. 
YOU LEARN BY BUILDING EQUIPMENT WITH 
KITS AND PARTS WE SEND YOU. Your 
National Schools course includes 
thorough Practical tra i n i ng-YOU 
LEARN BY DOING! We send you 
complete standard equipment of pro- 
fessional quality for building various 
experimental and test units. You ad- 
vance step by step, perform more than 
100 experiments, and you build a 
complete TV set from the ground up, 
that is yours to keep! A big, new TV 
picture tube is i'icluded at no extra 
charge. 
EARN AS YOU LEARN. Well show you 
how to earn extra money right from 
the start. Many of our students pay 
for their course -and more -while 
studying. So can you! 

LESSONS AND INSTRUCTION MATERIAL ARE 
UP -TO -DATE, PRACTICAL, INTERESTING. 
Every National Schools Shop -Method 
lesson is made easy to understand by 
numerous illustrations and diagrams. 
All instruction material has been de- 
s-eloped and tested in our own Resi- 
dent School Shops, Laboratories and 
Studios. 
SEND FOR INFORMATION TODAY .. . it can 
mean the difference between SUCCESS 
and failure for you! Send for your 
FREE BOOK "Your Future in 
Television- Radio -Electronics" and 
FREE. Sample Lesson. Do it TODAY, 
while you are thinking about your 
future. It doesn't cost you anything 
to investigate! 

You get all informati 
by mail ... You make 

your own decision ... 
home! NO SALESM 

WILL CALL 

In 

t 
N 

GET THE BENEFITS OF OUR OVER 
50 YEARS EXPERIENCE 

Approved for 
GI Training 

H 

YOU GET... 
19 Big Kits -YOURS TO KEEP! 
Friendly. Instruction and Guidante 
Job Placement Service 
Unlimited Consultation 
Diploma- Recognized by Indust ,/ 

EVERYTHING YOU NEED FOR 
SUCCESS! 

SHOP- METHOD HOME TRAINING 
COVERS ALL PHASES OF INDUSTEY 

1. Television, including Color TV 
2. Radio AM & FM 
3. Electronics for Guided Missiles 
4. Sound Recording and Hi- Fidelity 
5. FCC License 
6. Automation and Computers 
7. Radar & Micro -Waves 
8. Broadcasting and I 

Communications 

NATIONALS SCHOOL 
WORLD -WIDE TRAINING SINCE 1905 

If you wise to take your training in our Resident 
School at Los Angeles the world's TV capital, 
start NOW in our big, modern Shops, Labs and 
Radio -TV 'studios. Hera you work with latest 
Electronic equipment - - professionally installed 

finest, most complete facilities offered by 
any school Expert, frieidly instructors. Personal 
attention. Graduate Employment Service. Help 
in finding home near school - - and part time 
job while you learn. Check box in coupon for 
full information. 

JULY, 1960 

OUNC \V 

MEMBER 

rrrr J111, 
111,1 

:_Sírriil__r. IJsJ r.l Ll, i.\DDRESS 

' CITY ZONE STATE 

j] MAIL NOW TO ' NATIONAL TECHNICAL SCHOOLS, Dept. RG 70 1 

I 
4000 S. FIGUEROA ST. LOS ANGELES 37, CALIF jf 

Hush free TV -Radio "Opportunity" Book and samplt 
lesson. No salesman will call. 

' NAME AGE-_-_ 

NATIONALSCHOOLS i Check if interested ONLY in Resident School training at Los Angeles 

Los Angeles 37, Calif. 
`'ETERANS Give date of Discharge 

/ 

5 
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n 
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Dual -Gun Recording Tube 

This device, which looks like two 
cathode -ray tubes fused together, 
face to face, has more than double 
the resolution of other types now 
available. The Raytheon CK7702 is 

half ago, the British Ministry of 
Defense stated the danger zone did 
not extend more than 40 or 50 yards 
from the transmitters. Scientists who 
worked on the units said that the 
zone should be extended to at least 
half a mile. The latest figures show 

READ BEAM 

ninnmTma aimmii 

tWRITE BEAM 

said to enable bright video display 
with high resolution and adjustable 
automatic priming or erasing which 
can be used to generate target trails 
for electronic plotting of even high- 
speed jet planes. 

The storage assembly (see dia- 
gram) is made up of three fine -mesh 
(750 wires per inch) screens. The 
center one is coated on one side with 
a thin layer of dielectric that can 
hold an impressed charge for several 
hours. The electron gun facing this 
surface is used for writing and eras- 
ing. The gun on the opposite side is 
used for reading the stored image. 

Russians Test Color TV 
First test of color TV transmis- 

sions in the Soviet Union have been 
announced. Experimental broadcasts 
were held in Leningrad through a 
closed -circuit system serving 12 sets. 

Radio Beam Injurious 
Pulses from forward- scatter trans- 

mitters in the NATO telecommunica- 
tions network in Britain have been 
called dangerous to anyone within a 
mile of the beam source. A panel of 
British experts says that the old 
safety limit is much too short. 

When the scatter stations were 
discussed more than a year and a 

READ LENS 

READ 
/DECELERATOR 

STORAGE 
SCREEN 

DIELECTRIC 
WRITE 
DECELERATOR/ 
OUTPUT 
ELECTRODE 

WRITE LENS 

6 

that the zone extends for about 1 

mile. Persons straying into the path 
of the beam could suffer eye injuries 
or even be "cooked," depending on 
how close to the source they are and 
how long they stay. 

Remote Control 
at 8,001,000 Miles 

A brief radio signal from the 
Jodrell Bank radiotelescope in Man- 
chester, England, has turned on a 
150 -watt transmitter aboard the 
Pioneer V satellite, the most power- 
ful transmitter ever flown in a deep - 
space probe. Until now, a 5 -watt 
transmitter aboard the 94.8 -pound 
satellite relayed telemetry data back 
to earth. But as distance reached 
the critical 8,000,000 -mile point, data 
transmission was slowed down to 
about one bit of information per 

second. The new transmitter gets off 
as many as 25 bits per second. The 
actual turn -on took place when the 
satellite was 8,001,000 miles out on 
its expected 515,000,000 -mile orbit 
of the sun. 

The transmitter was turned on 
with a series of control signals. The 
first applied power to the trans- 
mitter's tube filaments through a 
current -limiting resistor, warming 
them for about 1 minute. This step 
was repeated six hours later and 
immediately followed by a second 
control signal which removed the 
current -limiting resistor and applied 
full filament voltage for several 
minutes. In the last step, the control 
signal turned on the electric con- 
verter that 'powers the 150 -watt 
transmitter and the transmitter it- 
self. 

A short time after being turned 
on, damaged batteries aboard Pio- 
neer V put the 150 -watt transmitter 
out of action. Now only the 5 -watt 
unit is still operating and its signals 
are still being received. 

All transmissions are being trig- 
gered and received at either the 250 - 
foot radiotelescope at Jodrell Bank 
or the 60 -foot unit at South Point, 
Hawaii. 

A replica of the instrument - 
crammed Pioneer V is shown in the 
photo. The transmitter uses RCA 
ceramic -metal tubes similar to the 
one held by the young lady. The 
transmitter is packed inside the 

RADIO- ELECTRONICS 
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men 

11.55 

JOB OPPORTUNITIES! 
EXCITEMENT! 
MONEY! 

can be 

Yours as a trained 

All this 

Electronics 

LET DeVRY 
YOU PREPA 

SAND BLUEP 
A SOLID 

CAREER I 
THIS 

`' FAST -GRO W 
FIELD! TECHNICIAN 

OVER 6,000 FIRMS HAVE EMPLOYE!" 
DeVRY TECH GRADUATES! 

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

Whether DeVry Tech prepares you in spare time at home or in its modern 
Chicago or Toronto Laboratories, your training is designed to get you 
ready to meet the exacting standards of industry. You get practical 
training that not only helps to fit you for a job or a service shop of your 
own -but also gives you a foundation for a career that can be profit- 
able the rest of your life. 
You work over 300 learn -by -doing experiments at home, using DeVry 
Tech's exclusive Electro -Lab method. You build and KEEP valuable equip- 
ment. With another DeVry Tech exclusive, you have the benefit of 
training movies that you can show over and over until basic points are 
crystal clear. Special texts guide you every step of the way as well. 

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

NO ADVANCED EDUCATION NEEDED! 

Why don't you vrite for FREE FACTS today? Learn how you TOO can be a member of 
the great fraternity of DeVry rech graduates across the continent ... men who were 
properly trained encouraged, appreciated and understood! SEND IN COUPON NOW! 

DeVry Tech's effective Emplryment Service is available to all graduates 
without additionsI cost. 

2 FREE BOOKLETS 
Send Coupon TODAY! 
"One of Nortk America's roremost Electronics Training Centers" 

Accredited Member of 
National Home Study Council 

:7 Tj 

J 

TELEVISION 

COMPUTERS 

BROADCASTING 

DeVRY Ti 

CHICAGO TORONTO 

JULY, 1960 

it ! sr"^ m r FACTS! 
ems 

DeVRY TECHNICAL INSTITUTE 
4141 Belmont Ave., Chicago 41, III., Dept. RE -7Q 

Please give me your 2 FREE BOOKLETS, "Pocket Guide to Real Earn- 
ings" and "Electronics in Space Travel;" also include details on how 
to prepare for a career in one or more branches of Electronics. 

Name Age 
PLEASE PRINT 

Street Apt 

City Zone State 
Check here if you face military service. 

2075 Canadian residents address: DeVry Tech of Canada, Ltd. 
970 Lawrence Avenue West, Toronto, Ontario .. .i 
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for the money 
circuit by tubes by 

Amperex® harman kardon 

i$3 

High gain ...low noise ...absence of microphonics... low 
distortion ... reliability - these are the primary qualities 
circuit designers look for in electron tubes. Once again, 
Harman -Kardon engineers have found these qualities 
best exemplified in Amperex tubes. Small wonder, then, 
that the tube complement of the new Harman -Kardon 
"Stereo Recital" Model TA224 Integrated Stereophonic 
Receiver includes four Amperex 12AX7 /ECC83's, one 
12AU7/ECC82, and two 6AU6's. 

These and many other Amperex `preferred' tube types 
%% have proven their reliability and unique design advan- 

tages in the world's finest audio components. 
Applications engineering assistance and detailed data 

are always available to equipment manufacturers. Write: 
Amperex Electronic Corp., Special Purpose Tube Divi- 
sion, 230 Duffy Avenue, Hicksville, L. I., New York. 

OTHER AMPEREX TUBES FOR QUALITY HIGH -FIDELITY AUDIO APPLICATIONS 

about hi -fi tubes 
for hi -fi circuitry 

POWER AMPLIFIERS 
6CA7 /EL34: 60 w. distributed load 
7189: 20 w., push -pull 
6B05/EL84: 17 w., push -pull 
6CW5 /EL86: 25 w., high current, 

low voltage 
SBM8 /ECL82: Triode -pentode, 8 w., 

push -pull 

VOLTAGE AMPLIFIERS 
6267/EF86: Pentode for pre -amps 
12AT7/ECC81: Twin triodes, low 

12AÚ7 /ECC82: hum, noise and 
12AX7 /ECC83: microphonics 
68L8 /ECF80: High gain, triode - 

pentode, low hum, noise and 
microphonics 

RF AMPLIFIERS 
6ES8: Frame grid twin triode 
6ER5: Frame grid shielded triode 
6EH7/EF183: Frame grid pentode 

for IF, remote cut -off 
6E17/EF184: Frame grid pentode 

for IF, sharp cut -off 
6A08 /ECC85: 

Dual triode for FM tuners 
6008 /EBF89: Duo -diode pentode 

RECTIFIERS 
6V4/EZ80: Indirectly heated, 90 mA 

6CÁ4 /EZ81: Indirectly heated, 150 mA 

5AR4 /GZ34: Indirectly heated, 250 mA 

INDICATORS 
6FG6 /EM84: Bar pattern 
IM3 /DM70: Subminiature "excla- 

mation" pattern 

SEMICONDUCTORS 
2111517: RF transistor, 70 me 

2N1516: RF transistor, 70 me 

2N1515: RF transistor, 70 me 

1N542: 
Matched pair discriminator 
diodes 

IN87A: 
AM detector diode, 
subminiature 

MOVING? 

If you're moving please don't forget to 
send us your old address as it ap- 
pears on your latest copy of the mag- 
azine. Include the numbers shown 
beside your name. If possible, send 
us the actual address label which is 
pasted on the lower right hand cor- 
ner of the front cover. Be sure to in- 
elude your postal zone number (if 
any) with your new address. If we re- 
ceive this information before the 20th 
of the month, you will continue to get . RADIO- ELECTRONICS without inter- 
ruption. 
Please send data to 

Circulation Department 

8 

Radio -Electronics 
154 West 14th Street New York 11, N. Y. 

cylinder located behind the large 
white square on the left. 

Power for the probe comes from 
4,800 solar cells in four arms jutting 
from the 26 -inch spherical package. 
The solar -cell output constantly 
charges 28 chemical batteries, the 
size and shape of standard flashlight 
cells only a great deal more power- 
ful. These in turn power more than 
40 pounds of electronics, a receiver, 
transmitters and associated logic 
units. 

Stereo Disc Sales Up 
A survey of a representative 

group of dealers in the New York 
area has revealed that sales of stereo 
discs for the first 4 months of the 
year average about 20Y of total 
album sales. The percentage varies 
from dealer to dealer-5% to 45%. 

For the same period last year, the 
average was about 14'/0, with no 
store having an individual average 
higher than 35%. 

Translating Machine 
A new high -speed translator has 

been translating Russian into Eng- 
lish since June, 1959, according to 
International Business Machines 
Corp. IBM developed the machine 
under an Air Force contract. 

The machine (or system) consists 
of an input Flexowriter, input regis- 
ter, dictionary and output Flexo- 
writer. The dictionary is a 10 -inch 
glass disc with about 50,000 words 
on it in the form of a black -and- 
white square -wave pattern on a set 
of circular tracks (see photos, one 

va --.-ssss..s ssssss at LlElALLJ 

shows disc, other shows 300 x en- 
largement of tracks). The disc spins 
at 1,400 rpm, thus bringing each 
"bit" of information on it within 
quick reach of a beam of light from 
a cathode -ray tube (35 milliseconds 
average). A photomultiplier tube 
indicates whether the scanned spot 
on the disc is dark or light. 

(Continued on page 12) 
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2 Great knight-kit Citizens Band Transceiver 

YOUR CHOICE OF THE FINEST VALUES IN 2 -WAY RADIO EQUIPMENT 

For Auto -to -Auto 
or Auto to 

Home or Offi :e 

For Farming 
Operations 

Local Trucking, 
Delivery, 

Construction Work 

Boat -to -Boat, 
Ship -to -Shore 

YOU BE THE JUDGE OF knight -kit VALUE, 
FREE Examination 

Privileg We invite you to take advantage of our exclusive 
tree examina- tion offer. Order a Knight -Kit Transceiver. 

Examine it on 
arrival. Inspect the quality of the components, 

the circuitry, the easy- 
manual. We're so confident you'll want the kit, we 

can make this offer: If you're not COMPLETELY 
SATISFIED, just re- 

turn the kit for full refund! 

Citizens Band Superhet Transceiver Kit 
Top Buy Citizens Band Transceiver Kit 

Y-712 L 

s7995 

BEAUTIFUL STYLING...UNEXCELLED PERFORMANCE 

Have dependable, economical 2 -way radio commu- 
nication with this top- rated, do- it- yourself trans- 
ceiver. Has two crystal -controlled transmitting 
positions; operates at maximum FCC legal power 
input of 5 watts fully modulated. Superhet receiver 
is continuously tunable over the full 22 channel 

band; also has Iwo optional crystal- controlled fixed frequency 
positions. Works just like press -to -talk intercom -speaker also 
serves as mike. 

Ultra -selective, highly sensitive dual- conversion superhet 
receiver features built -in adjustable squelch and noise limiter. 
Sensitivity (manual) is better than 1 pu for 10 db S /N; crystal, 

µv. Includes built -in AC power supply. Easy to assemble; 
has dependable printed circuitry and pre -aligned IF trans- 
formers. With distinctively styled high -impact case, 5 x 12 x 12 ". 
Complete with all parts, wire -type doublet antenna, and one 

A. 
transmitting crystal (available for any channel from 1 to 22- 
specify preference). FCC application form is included (license 
is available to any citizen over 18 -no exams to take). See 
below for DC mobile supply, vertical antenna, etc. Wt., 20 lbs. 
Model Y -712L. $5 Down. ONLY $7995 

Y -729L. 3 Ft. Vertical Antenna. 2 lbs. NET 6.50 
Y -714L. Mobile Mounting Bracket. 4 lbs. NET 5.35 
Y- 723L,. 6 -12 V. Mobile Power Supply. 6 lbs. NET 10.95 
Y- 769L., Optional Receiving Crystal (specify frequency) .. 1.99 
Y -719L. Optional Hand -Held Mike. 1 lb. NET 9.50 

Manufactured and 
sold exclusively by ALLIED R A D I O 

JULY, 1960 

Y -713L Now have your own private 2 -way 
radio system at an amazingly low cos :! 
Consists of easy -to- assemble superre- 
generative receiver and 5 -watt tram.- 
mitten Readily fits car, boat or desl.. 
Single, one -switch operation permits 
talk or listen. Receiver tunes all 22 

channels continuously. Built -in AC power supply. 
Handsomely styled case, 7x10x8.' With mike, doublet 
antenna, and transmitting crystal (specify channel 
-1 to 22 -if you have a preference). See below fo- 
antenna, mobile power supply, etc. Shpg. wt., 10 lbs. 

Model Y -713L. $2 Down. ONLY ............ $3995 

Y -729L. 3 Ft. Vertical Antenna. 2 lbs. NET.... 6.50 
Y -723L. 6 -12 V. Mobile Power Supply. 6 lbs.. 10.95 
Y -724L. Mobile Mounting Bracket. 4 lbs. NET. 5.35 

$3995 

$Z 

ALLIED RADIO CORP., Dept. 68 -G 
100 N. Western Ave., Chicago 80, III. 

Please ship: Y -712L Transceiver. Y -713L Transceiver. 
Y -729L Y -723L Y -7141 Y -724L 
Y -769L Y -719L $ enclosed 

Send latest catalog describing Knight -Kits. 

Name 

Address 

City Zone State 
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Why are SYLVANIA PENTODES 
so p t' o ular in TV sets? 

Why, for example, are they so popular in video-if stages? 

Video -if stages are critical with respect to over -all 

set performance. Must develop sufficient gain to 
"drive" the picture tube and to give effective agc. 
Ilave to deliver "clean" signals, free of hum modu- 
lation. When a TV set goes into quantity production, 
tubes used must be uniform in performance in their 
specific circuits. Tubes that are sent to the service 
dealer for that eventual replacement job must be just 
as good as those supplied to the set manufacturer. 

Those are some of the reasons why you see 
SYLVANIA pentodes such as 6BZ6, 6ßA6, 6AU6, 

6DE6, 6CB6A, 6EW6, 6DK6 in TV set after TV set. 

They're reliable. And, because of the unique, auto- 
mated techniques used by SYLVANIA in manufac- 
turing those types, they feature exceptional uni- 

formity from tube to tube, mininium interelectrode 
leakage and gas, thus a longer life expectancy. 

Those are some of the saine reasons why, for origi- 
nal design and for replacement, the popular tubes 
are SYLVANIA TUBES! Electronic Tubes Divi- 

sion. Sylvania Electric Products Inc., 
1740 Broadway, New York 19, N. Y. 
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how to get 
a Commercial 

FCC LICENSE 

We guarantee 
to train you until you receive 

Your FCC License - or your money back 
The Master Course in Electronics will provide you 
with the mental tools of the electronics technician and 
prepare you for a First Class FCC License (Commer- 
cial) with a radar endorsement. When you successfully 
complete the Master Course, if you fail to pass the 
FCC examination, you will receive a full refund of all 
tuition payments. 

GET THIS HANDY POCKET 
ELECTRONICS DATA GUIDE 

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

TO GET THIS FREE 

GIFT, MAIL COUPON 
Within 30 Days! 

POCKET 

ELECTRONICS 

DATA 

GUIDE 
A pocket guide of commonly 

used conversion fotto, formulas, 
tables and color codes,. 

"License and Good Job ... Thanks" 
"After finishing your Master Course, I passed the FCC 
exam for the 1st class license. I had my ticket for only 
one week and I got a job atVVOC -TV, AM -FM. Inci- 
dentally, WOC is the oldest radio station west of the 
Mississippi. I sincerely feel that if it weren't for taking 
your Master Course, I would not have received my 1st 
class ticket. So I want to take this occasion to again 
thank you for such a fine preparation for electronics 
work." 

FRANCIS J. MCMANUS 
Davenport, Iowa 

CLEVELAND INSTITUTE OF ELECTRONICS 
Desg RE43A 4900 Euclid Avenue Cleveland 3, Ohio 

JULY, 1960 

i 

a successful plan for ... 
Electronics Training 

good trair g 

doesn't cos .. . 

it pays! 

get all three FREE! 
We can train you to pass 
your License Exams if 
you've had any practical 
experience - amateur, 
military, radio servicing, 
or other. Our proven 
plan can help put you on 
the road to success. 

Your FCC ticket will be 
recognized by employers 
as proof of your 'eth- 
nical ability. 

Accredited by the National Home Study Council 

Cleveland Institute of Electronics 

Desk RE43A, 4900 Euclid Ave., Cleveland 3, Ohio 

Please send Free Booklets prepared to help 
me get ahead in Electronics. I have had 
training or experience in Electronics as 
indicated below. 

Military 

Radio -TV Servicing 

O Manufacturing 

D Amateur Radio 

In what kind of work are 
you now engaged? 

Name 

Address 

City Zone State 

0 Broadcasting 

Home Experimenting 

Telephone Company 

Other 

In what branch of Electronics 
are you interested? 

Age 

i;E1:SA 
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3 Great New Kits 
for Stereo 

by P A o 
. with the famous specially -prepared giant -size dia- 

grams and super -simple step -by -step instructions for 
fool -proof assembly and wiring. Crafted by PACO, Kit 
Division of PRECISION Apparatus Company, Inc., 
world-famous manufacturers of laboratory electronic 
test equipment for over a quarter of a century. 

The PACO SA -40 40 WATT STEREO PREAMP- 
AMPLIFIER The Last Preamp -Amplifier You'll Ever 
Have to Buy 

Model SA -40 -KIT, complete with gold and satin black 
cabinet. Net Price: $79.95 
Model SA -40W - FACTORY- WIRED, complete with gold 
and satin black cabinet. Net Price: $129.95 

-- -40 AP. 

The PACO ST -45 AM -FM STEREO TUNER A Truly 
Unusual Engineering Achievement in Stability and 
Sensitivity 
AVAILABLE THREE WAYS: 
Model ST -45 -KIT, with factory pre -aligned transform- 
ers. complete with gold and satin black cabinet. 

Net Price: $84.95 
Model ST -45PA- SEMI -KIT, with both FM and AM tuner 
sections factory-wired and completely pre -aligned and 
calibrated for hairline sensitivity, complete with gold 
and satin black cabinet. Net Price: $99.95 
Model ST -45W - FACTORY -WIRED, aligned, calibrated 
and assembled, complete with gold and black satin 
cabinet. Net Price: $134.95 

The PACO ST -35 FM TUNER 
AVAILABLE THREE WAYS: 
Model ST -35 -KIT, with factory pre -aligned transform- 
ers, complete with gold and satin black cabinet. 

Net Price: $59.95 
Model ST -35PA -SEMI -KIT, with tuner section factory- 
wired and completetly pre -aligned for hairline sensi- 
tivity, complete with gold and satin black cabinet. 

Net Price: $69.95 
Model ST -35W - FACTORY -WIRED, aligned, calibrated 
and assembled, complete with gold and satin black 
cabinet. Net Price: $89.95 

NEW PACO 2 -WAY SPEAKER SYSTEM SEMI -KIT 
featuring Jensen Mid -Range Woofer and Horn -Type 
Tweeter 
Model L2 -U- SEMI -KIT. with unfinished, sanded cabinet. 

Net Price: $59,95 

Model L2- F- SEMI -KIT. with walnut -finished cabinet. 
Net Price: $69.95 

AVAILABLE AT LEADING ELEC. 
IRONIC PARTS DISTRIBUTORS & 
WHEREVER GOOD SOUND IS SOLD. 

You'll want much more data ... 
the performance specifications 
will amaze you...write for com- 
plete, illustrated brochure to: 

0 ELECTRONICS CO., INC. 
70 -31 84th Street, Glendale 27, L. I., New York 
Kit Division of PRECISION Apparatus Company, Inc. 
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A typist copies the Russian to be 
translated on a special typewriter 
that converts the characters into 
holes on a tape, from which they are 
translated into the black -and -white 
language of the disc. A tape reader 
places a set of characters in the in- 
put register. A comparator compares 
them with whatever the beans is 
scanning, then indicates in what 
direction the beam should move to 
find the information desired. This is 
equivalent to an individual looking 
at any open page in a dictionary and 
then flipping pages in the right 
direction to get to the word he wants. 
The beam reads sections of each 
track (there are 700 of them) as it 
skips from one to the next. When it 
reaches the right track, the com- 
parator stops it so it can read the 
whole track and find the word (or 
phrase) in the register. When the 
proper match is found, the English 
equivalent is read out and sent to 
the output Flexowriter. At the same 
time, a new set of characters is fed 
to the input register. 

At the present time, the machine 
translates at about 30 words per 
minute. This limit is caused by the 
relatively slow input and output 
rates, not by the translator itself. 
By the end of the year, a special 
reading machine and high -speed out- 
put writers will extend the machine's 
speed to about 1,800 words per min- 
ute. 

Since the machine translates on a 
word -for -word basis, the output is 
not grammatically correct. This is a 
sample from an article dated Decem- 
ber 30, 1959 that appeared in 
Pravda: 

"Let us note that addition to band 
visible light wave only one part 
radiospectrum led during the last 
decade to creation new science - 
radioastronomy with /from it truly 
phenomenal achievements. It allows 
investigators penetrate in region the 
most stormy nonstationary physical 
process, performing in celestial 
bodies." A word analyzer and lexical 
buffer now under development will 
allow much smoother future transla- 
tions. 

Radar Mapping 
Thanks to a side -looking radar, it 

is now possible to get accurate aerial 
maps of thousands of square miles of 
terrain per hour in any weather in 
which man can fly. Developed by 
Texas Instruments for the Air Force, 
the new radar could also give near - 
photographic, up -to- the -minute in- 
formation on troop and material 
movements well behind the enemy's 
front lines. 

A sample radar map is shown in 
the photograph. It was made by a 
plane flying over Dallas, Tex. The 
white stripe across the center is the 
flight path of the plane and is a blind 
spot. For this picture, the sweep was 
6 miles on each side of the plane. 
Thus an area about 12 miles by 151 /a 

miles can be mapped in the time it 
takes a plane to fly over it. 

An advantage of the system for 
military use is that the radar map 
can be transmitted directly to head- 
quarters and there need be no delay 
while waiting for the plane to return. 

The side -looking radar, officially 
called the AN /APQ -55, has other ad- 
vantages over ordinary photographic 
reconnaissance. It Can isolate mov- 
ing targets as a number of "radar 
maps" can be made of the same area 
in a short time. Radar maps also tend 
to be more accurate than standard 
photographic methods since the per- 
spective of distance is adjusted elec- 
tronically. Therefore, the items on 
the edge of the photo are in the same 
scale as those at the center. In an 

LOVE FIELD 
TEXAS INSTRUMENTS 
APPARATUS DIVISION 
NEW INTERSTATE 45 

BROOKHOLLOW INDUSTRIAL 
DISTRICT 
TRINITY INDUSTRIAL 
DISTRICT 
TRINITY RIVER 
BRIDGES 
TO FT. WORTH 

aerial photograph, ground distances 
are compressed as the distance from 
the camera increases. Also, an aerial 
camera scanning a fixed angle will 
map less area at low altitude. The 
side- looking radar mapping system 
scans a constant ground area inde- 
pendent of altitude. 

In nonmilitary applications, the 
systems have already been used to 
detect icebergs in North Atlantic 
shipping lanes. Standard radar can- 
not differentiate between icebergs 
and fishing vessels which just drift 
with the current. Coast Guard per- 
sonnel reported that the new radar 
identified icebergs, growlers and field 
ice. It also differentiated between 
bergs and other stationary targets 
even in foggy weather. 

Astronaut-I 9-Inch 
Transistor TV 

A 19 -inch square-cornered picture 
tube backed up by 23 transistors and 
12 diodes is the newest thing in 

(Continued on page 1G) 
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29k&itSPRAGUE DIFILM' 
are tops in their field ...take your choice! 

For maximum reliability 
and performance 

under toughest conditions 

SPRAGUE DIFILM® 
BLACK BEAUTY® 

For extremely small 
size and exact 

original replacement 

SPRAGUE DIFILM® 
.14,rá arai illVili iVr \' ur 

Sprague Black Beauty 
tubulars are missile -type 
capacitors. Actually, they 
are low post versions of 
the famous Sprague ca- 
pacitors now being used 

in every modern military 
missile. Where positive 
reliability is important, 
make no mistake, use Black 
Beauty Difilm Molded Capac- 
itors! You get the most for the 
least with Black Beauties! 

Difilm Black Beauties are en- 
gineered to withstand the hottest 
temperatures to be found in TV or auto 

The heart of these Sprague Difilm Capaci- 
tors can't be beat! It's a dual dielectric 
combination of Mylar® polyester film 
and special capacitor tissue- result- 
ing in capacitors which are superior 
to all other comparable tubulars. 
Sprague's rock -hard solid HCX® 
impregnant fills voids and pin 
holes in the film. Difilm ca- 

pacitors have high insula- 
tion resistance, low power 

factor, and excellent 
capacitance stability 

and retrace under 
temperature 

cycling! 
radio sets -in the most humid climates. 
Further, un'ike straight polyester film tubulars, 
these capacitors operate in a 105 °C environment 
-without derating ! 

Black Beauty tubulars are tough units, too -no 
fragile shell to break -you can't damage them 
soldering. For your convenience, every capacitor is marked 
twice ... no need to twist capacitor around to read rating. 

in 

±10% CAPACITANCE TOLERANCE IS 

Sprague Difilm "Or::nge 
Drops" are a "must" for 
your service kit w -sere 

only an exact rep :ice- 
ment will fit. They are the 
perfect replacement for 
dipped capacitors now 
used by leading manufac- 
turers in many popular 

television receivers. .end 
when a dipped tubulc is 

called for, you'll find ghat 
Orange Drops outperform all 

others, safeguarding your work .ind 

reputation for quality service. 
Orange Drops are specially de- 

signed for easiest possible installar on. 
Radial leads are crimped to assure neat 

mounting parallel to printed wiring boards ... 
extremely small size makes them fit handily in 

tight spots. They'll beat heat and humidity becc use 

the solid, rock -hard capacitor section, double -dipper in 
bright orange epoxy resin, is well protected ago nst 
moisture. A perfect team -mate for Black Beauty. 

STANDARD AT NO EXTRA COST 
Difilm Black Beauty and Difilm Orange Drops are 
packaged in sturdy, reusable rigid plastic Kleer -Pak® 
boxes. Your distributor is stocked in all the popular 
ratings. Order some today. You can count on Difilm. 

SPRAG0E4j 
I 

THE MARK OF RELIABILITY 

JULY, 1960 
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"We get the Simpson sales story across to jobbers by selling 
through independent electronic representatives" 

Says Mel Buehring, Director of Sales, Simpson Electric Co. 

"Merchandising, good customer relations, and 
product information are all a big part of the 
Simpson Electric Company sales picture. We've 
found that in 99% of the sales areas, the best 
way to be sure we're getting through to the 
jobbers is to work with independent repre- 
sentatives. You can count on their knowing 
their jobs. These experts talk the jobber's 
language and they know the ins and outs of 
the marketing and distribution problems pe- 
culiar to their particular area. 

"And because he works his territory in- 

14 

tensively, the representative gets a friendly 
reception that is immeasurable in goodwill and 
reflected in gross sales." 

Whatever your line, you can benefit from the 
special talents and experience of the independent 
electronics Representative. And it's easy to find 
Representatives especially suited to your particu- 
lar sales requirements. One effective way is 
through the "Lines Available" columns in ERA's 
publication, The Representor, distributed 
monthly to all member Representative companies. 
Write for complete details. 

Electronic Representatives Association 
600 So. Michigan Ave., Chicago 5, Illinois 

Dedicated to improving and extending the role of the representative in electronics marketing. 
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Mere is the new Standard Coll Tuner 
Replacement and Repair Program that 

enables you to offer better service to your 
customers at greater profit. Now Standard 

Coil Products provides the tools that will 
enable you to cash in on the pr'fitable 
tuner repair and replacement market. 

TUNER REPLACEMENT LISTING IN SAMS PHOTOFACT 

Starting in January, Standard Coil tuner 
replacement listings will appear in all Sams TV 
Photofact. Tuner replacement information will 

be right at your finger tips. Standard Coil is the 
only manufacturer ever to provide this service. 

NEW TV TUNER REPLACEMENT GUIDE 

Lists original equipment TV tuners with the 
Standard Coil equivalent replacement 

for each. Also includes major mechanical 
replacement parts for all Standard Coil Tuners 

-those used in original equipment as well 
as the universal replacement. Eliminates all 

guesswork -minimizes your tuner repair and 
replacement problems. 

48 HOUR FACTORY GUARANTEED REPAIR SERVICE 

Standard Coil's special service department set -up assures 
factory guaranteed repairs -on a 48 hour in-plan cycle! 

All repaired tuners carry a six month warrinty on 
defective workmanship and parts failure (excluding 

tubes). Gives you more time for additional 
service calls -promptly returns your customer's set 

to like new operating co edition. 

DEFECTIVE TUNER TRADE -IN ALLOWANCE 

Tuners which can not be repaired can be traded in 
against a new replacement tuner which carries a 

full twelve month factory guarantee. See your 
Standard Coil Distributor for complete details on 

how trade -ins can increase your tuner sales 
and profits- create greater customer satisfaction. 

JUMP ON THE STANDARD COIL PROFIT WAGON TODAY! 

For additional details, see your authorized 
Standard Coil Distributor or write to: 

c-ifacaac676 
Coil Products Co., Inc. 

2085 North Hawthorne Avenue, Melrose Park Illinois 
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3 GREAT NEW 
PROFIT MAKERS 
... Designed to help tech- 
nicians achieve accuracy, 
speed and greater profits 
in their every day work. 

OTHER MERCURY TEST INSTRU- 

MENTS THAT HAVE WON THE 

UNANIMOUS APPROVAL OF 

TECHNICIANS EVERYWHERE 

The speed of a multiple- socket 
tube tester at an economy price. 

Model 101 -DEALER NET $3995 

A deluxe tube tester that also 
tests diodes, rectifiers, fuses, 
pilot lamps, tube filaments. 
Model 102-P- DEALER NET $5950 

A deluxe tube tester and com- 
pact tube caddy ...all-in-one. 
Model 102-C- DEALER NET $7450 

A valuable assist- 
ant in the service- 
man's shop. 

Model 201 -F 

Self- Service 
Tube Tester 
( floor model) 
DEALER 
NET... $15850 

Model 201 -C 

Self- Service 
Tube Tester 
(counter model) 
DEALER 
NET... $10950 

See Your 

Model 300 COMBINATION TESTER 

ii A MULTIPLE -SOCKET TUBE TESTER 

1i A CRT TESTER -REACTIVATOR 

v A 20,000 Ohms per Volt VOM and CAPACITY- TESTER 

ALL COMBINED IN ONE COMPACT UNIT! 
AS A TUBE TESTER ... cheek emission, inter -ele- 
ment leakage and gas content of over 700 tube 
types - AS A CRT TESTER -REACTIVATOR ... will test, 
repair and reactivate all black and white and all 
color picture tubes - AS A VOM AND CAPACITY TESTER 

. sensitivity is 20,000 ohms per volt /DC and 5000 
ohms per volt /AC ... Capacity range: .001 mfd. to 
80 mfd.... Housed in hand rubbed oak car- 
rying case... Size, 1Tkx13',6x4b". DEALER NET 

Model 800 CRT TESTER- REACTIVATOR 

TEST, REPAIRS, 

REACTIVATES 

ALL BLACK 
AND WHITE 
AND ALL COLOR 

PICTURE 

TUBES... 
TESTS.. 
emission, inter - 
element leakage 
and life expectancy - 
REPAIRS... Shorts, and open elements - REACTIVATES 
... weak tubes with a controlled high voltage pulse 
( reactivation is seen and controlled on the meter as 
it takes place ) - Tests the red, green and blue sec- 
tions of color tubes separately ... Also provides the 
newer 2.35 and 8.4 filament voltages ...Hand rubbed 
oak carrying case ... Size, 11'dx9hx43 ' $4995 

DEALER NET .. . 

Model 400 VOM- CAPACITY TESTER 

L- A 20,000 Ohms per 
Volt VOM 

v AN ACCURATE 

CAPACITY METER 

DC VOLTAGE RANGES: O 

to 15/75/150/300/750 / 
1500/7500 V... AC VOLT- 
AGE RANGES: O to 15/75/ 
150/300/750/1500 V... 
DC CURRENT RANGES: O 

to 75 microamps /7.5 ma. 
/75 ma. /750 ma. /15 
amps . CAPACITY 
RANGE: .001 nlfd. to 80 
IDfd. RESISTANCE RANGES: O to 1,000 /100,000 ohms/ 
0 to 10 megohms... Sturdy hanunertone finish qA 
steel case... Size, 51Hx7lix33á ". DEALER NET... 53995 

Electronics Parfs Distributors! 

ELECTRONICS CORP. 
manufacturers of quality electronic products 

77 Searing Ave., Mineola, N. Y. 

CANADA: Active Radio & TV Ltd., 58 Spadina Ave., Toronto 2, Ont. 
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portable TV. It puts a home receiver 
picture on the screen of a battery - 
powered portable. The 40 -pound set 
is made by Motorola as the model 
19P1 Astronaut. The set's sensitivity 
is 15 isv and its noise figure reaches 
a maximum of 10 db -both fig ures 
approximately the sanie as for con- 
ventional sets. 

For portable operation, the Astro- 
naut is powered by a 5 -pound silver - 
cadmium batte'. It will ()berate the 

set between 5 and tI hours before 
recharging is necessary. The battery 
can be recharged a minimum of :100 
times and is not damaged by com- 
plete discharge. It is automatically 
recharged when the set is connected 
to ac line power. A built -in single - 
pole antenna folds out of sight when 
not in use. The set has a fiberglass 
carrying case, with a front cover to 
protect the picture tube. 

III! 
L.. yi. 

Pr 17 I.., ,P'!lI!,r,Illr,(1 :Ir'.! ,. mr" i.111 n riirF,ira urirl ll u ui 
Calendar of Events 

Congress of the International Federa- 
tion of Automatic Control, June 25- 
July 9, Moscow State University, Mos- 
cow. I'SSR. 
National Convention on Military Elec- 
tronics, June 27 -29, Sheraton Park IIo- 
tel, Washington, D. C. 
New England Electronic Conference, 
June 2729, Balsams, Dixville Notch, 
N. H. 
1960 Music Industry Trade Show, July 
10 -14, Palmer House, Chicago, Ill. 
Conference on Medical Electronics, 
July 21 -27, Olympia, London, England. 
Global Communications Symposium, 
Aug. 1 -3, Statler Hotel, Washington, 
D. (C. 

National Audio -Visual Association Con- 
vention and Exhibit, Aug. 6 -9, Mor- 
rison Hotel, (Chicago. 
Electronic Packaging Symposium, Uni- 
versity of Colorado, Boulder, Colo., 
Aug. 18 -19. 
Western Electronic Show & Conven- 
tion, (WES('ON) Aug. 23 -26, Memorial 
Sports Arena, Los Angeles, Calif. 
British Radio & Television Exhibition, 
Aug. 24 Sept. 3, Earls Court, London, 
England. 
International Conference on Semicon- 
ductor Phys;cs, Aug. 29 -Sept. 2, Prague, 
Czechoslovakia. 
International Symposium on Informa- 
tion Theory, Aug. 29 -Sept. 3, London, 
England. 
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Through 
HOME STUDY 
or in 
RESIDENT CLASSES 

ELECTRONI 
the Grantham Communications 
Electronics Course prepares you 
for your first class commercial 

F.C.C. LICENSE 
The Grantham home study course teaches you prin- 

ciples of electronics in a simple "easy -to- grasp" manner. 
Each new principle is explained first in everyday Ian- 

-. guage and then, after you understand it, is associated 
with the proper technical language. You learn and re- 
member more, because the emphasis is on understanding 
rather than on memorizing. 

This correspondence course is directed toward two 
major objectives - (1) to teach you a great deal about 
electronics, and (2) to prepare you to pass all of the 
F. C. C. examinations required for a first class commer- 
cial operator's license. We teach you step by step and 
have you practice with FCC -type tests which you send 
to the School for grading and comment. You prepare for 
your F. C. C. examinations under the watchful direction 
of an instructor who is especially qualified in this field. 

Grantham training is the easy way to learn more 
quickly - to prepare more thoroughly - for F. C. C. 
examinations. And your first class license is the quick, 
easy way to prove to your employer that you are worth 
more money. 

Get details concerning how we can prepare you for 
your F. C. C. license and how that license can help you 
advance in electronics. Mail the coupon below to the 
home office of Grantham School of Electronics in Holly- 
wood, Calif., and our free catalog will be sent to you 
promptly. 
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- field of opportunity- 
offers 

interesting and profitable careers in 
RADIO AND TV BROADCASTING TWO -WAY RADIO COM- 
MUNICATIONS RESEARCH AND DEVELOPMENT RELAY 
STATION MAINTENANCE AUTOMATION ELECTRONICS 

TECHNICAL WRITING IN ELECTRONICS INDUSTRIAL 
ELECTRONICS ELECTRONIC COMPUTERS MILITARY 
ELECTRONICS INSTRUMENTATION TELEMET :RING 

AERONAUTICAL ELECTRONICS SPACE ELECTRONICS 
and many other 

interesting and profitable fields of the present anti 'uture 

To get ahead in electronics, you must have the ,roper 
training and your employer must know that you ha--e that 
training. Your F. C. C. license is a "diploma" in con.muni- 
cations electronics granted by the U. S. Governmer t, and 
it is recognized as such by employers. Grantham Sc pool of 
Electronics specializes in preparing you to earn this 
diploma. 
HERE'S PROOF... that Grantham students prepare for 
F. C. C. examinations in a minimum of time. Here i; a list 
of a few of our recent graduates, the class of licen :e they 
got, and how long it took them : License Weeks 
Edgar T. Phelps, 931 Hickory Street, Poplar Bluff, Mo. 1st 12 

Wayne Hogg, 4830 San Fernando Rd., Glendale, Calif. 1st 20 

Robert Watson, Star Route, Box 24, Renovo, Pa. 1st 12 

William H. Patchin, 3865 Westview Ave., NW, Canton, Ohio 131 12 

V. Dean DeVore, 309 Bess Street, Washington, III. 131 16 

Edward T. Wall, Box 184, Kenly, N. C. 131 12 

James W. Wranich, 4236 Michigan Street, Kansas City, Mo. 1st 20 

Robert E. Sullivan, 2475 E. Douglas, Des Moines, Iowa lit 12 

Nelson S. Kibler, 1413 Patrick Henry Dr., Falls Church, Va. 1st 18 

Barry L. Ulrich, 1110 Chestnut Ave., Barnesboro, Pa. 1st 14 

Jerry E. Milligan, 707 Ragsdale Dr., Milan, Tenn. 1st 12 

Robert S. Davis, 2100 - 10 Ave., So., Apt. 12, Birmingham, Ala 1st 13 

If you are interested in details concerning our tr lining, 
indicate in the coupon below whether you prefer ham study 
or resident classes, and mail the coupon to the School s home 
office in Hollywood, California - to the address gi ea. in the 
coupon - for free details. 

GRANTHAM SCHOOL OF ELECTRONI 
HOLLYWOOD SEATTLE KANSAS CITY WASHINGTON 

S 

FIRST CLASS F.C.C. LICENSE IN 12 WEEKS 
Grantham resident schools are located in four major cities - Hollywood, 

Seattle, Kansas City, and Washington, D. C. Regularly scheduled classes in 
F. C. C. license preparation are offered at all locations. New day classes begin 
every three months, and new evening classes begin four times a year. The day 
classes meet 5 days a week and prepare you for a first class F. C. C. license in 
12 weeks. The evening classes meet 3 nights a week and prepare you for a 

first class license in 20 weeks. For more information about the Grantham resi- 
dent schools, indicate in the coupon the city of your choice and then mail 
the coupon to the School's home office in Hollywood, Calif. Free details will be 
mailed to you promptly. 

GRANTHAM SCHOOL OF ELECTRONICS 
1505 N. Western Ave., Hollywood 27, Calif. 

MAIL COUPON FOR FREE DETAILS-NO SALESMAN WILL CALL-0- L 

JULY, 1960 

(Mail in envelope or poste on postal _c ) 

To: GRANTHAM SCHOOL OF ELECTR DNICS 

1505 N. WESTERN AVE., HOLLYWOOD 27 CALIF. 

Gentlemen: 

Please send me your free booklet telling how I can get t y com- 
mercial F.C.C. license quickly. I understand there is no ob gation 
and no salesman will call. 

Name Ag. 

Address 

City State 

I am interested in: Home Study Kansas City classes 

Hollywood classes Seattle classes Washingto, classes 
04 -K 
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is a picture of a Quam speaker 
which was defective when 
received from the factory. 

( This .space is blank, too. Every 
Quam speaker is individually 

checked and tested before 
it leaves the factory.) 

is a picture of the technician 
who had a call -back on a 

Quam Speaker installation. 

(You'll notice the space is blank. 
Servicemen who install Quam speakers 
can "sell 'em and forget 'em." 
You just don't get called back.) 

is a picture of your bank book. 

You'll notice how your deposits grow 
when you rely on Quam Adjust -a -Cone 
Speakers for every installation. 

QUAM- NICHOLS COMPANY 
238 E. MARQUETTE ROAD CHICAGO 31, ILLINOIS 

What the future holds for you 

in RADIO- ELECTRONICS 
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Radio Control with "Oomph" 
Industrial Applications of Infrared 
Design and Build the New Twin - 
Coupled Amplifier 
Servicing Sync Stages 
Transistor Paging Receiver 
Testing Electrolytic Capacitors 

SUBSCRIPTION RATES 
I year 54.00 2 years 57.00 3 years $10.00 
Rates go up after October 31- Subscribe now 

and save. 
RADIO -ELECTRONICS 

154 West 14th Street New York II, N. Y. 

Correspondence 
41111/06 

INDUSTRIAL SERVICING 
Dear Editor: 

Having been a reader of Gernsback 
publications since the days of the 
Electro Importing Co., on Fulton St., 
I must say I have gained a wealth of 
knowledge. However, the electronics 
industry is moving so fast, I decided 
to specialize. 

I would like to see more articles on 
industrial servicing, and I would also 
like to hear from manufacturers in 
regard to servicing their equipment in 
the New Jersey area. 

JOHN I. MEYER 
Union City, N. J. 

WANTED: LESS CONFUSION 
Dear Editor: 

In the dark ages (early 1900's), 
many companies made vacuum tubes. 
Fortunately for civilization, they got 
together and adopted a standard num- 
bering system. Now, all 6SN7's are the 
same, no matter who makes them. This 
is progress. 

What happened to this progress 
when it came to diode and transistor 
numbering? The other day I tried to 
find a particular transistor in a parts 
catalog. The transistors from 10 com- 
panies were listed with as many dif- 
ferent numbering systems. Insanity, 
stupidity, chaos -what would you call 
it? 

I thought this was a modern, intel- 
ligent generation. How about a move- 
ment to standardize diode and tran- 
sistor numbering, basing and testing? 
Let's get organized! 

KENNETH GREENBERG 
Chicago, Ill. 

WHAT ABOUT THE FUTURE? 
Dear Editor: 

I read your editorial ( "Microelec- 
tronics") in the February issue with 
interest since my livelihood has been 
derived solely by repairs to radio and 
television receivers for the past 15 
years. 

If I correctly interpreted your edito- 
rial, it would seem that the present 
servicing business is to be tremen- 
dously reduced- possibly in 8 to 12 
years -due to commercial use of micro- 
electronic techniques. 

This brings me to the question of 
what program of preparation would be 
best for service technicians like myself -if the need for such a program exists. 

I would appreciate any suggestions 

RADIO -ELECTRONICS 
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IMPORTANT: for the man who wants to make big money in Radio- Televisio,l 

ONLY SPRAYBERRY TRAINING IN 

LABIO andTFLî'VP IO 
OFFERS YOU ALL OF THESE VITAL NEW ADVANTAGES 

TO HELP YOU EARN MORE MONEY FROM THE START! 

WBUSINESS 
BUILDERS 

...through these practical 
proven plans and ideas we help 
you make plenty of extra 
money in spare time while 
training. 

SIE WTRAINING 
EQUIPMENT 

. the famous Sprayberry 
Training kits have been newly 
engineered by our staff to 
offer you the latest in Rad io- 
TV Service Techniques! 

You learn Radio -TV Sere 
icing the best way...th 

practical way ... test 
ing and assemblin 

these modern kit 
of equipment. 

A The new Sprayberry 
'Training Television 

Receiver, built and 
tested in 5 sections. 

-g 

Now offered ...this fine 
modern oscilloscope. 

You buildthis power- 
ful two -band super- 
heterodyne radio 
receiver. 

You build the new 
Sprayberry tester 
-a complete 18- 
range Volt -Ohm- 
Milliammeter test 
meter. 

r 
These two big new books are yours free! Find 
out what Radio- Television offers you ... and 

t us show you how easily you can learn, even without 
previous experience of any kind. Rush COUPON today! 

REE 

EWTRANSISTOR 
COURSE 

...literally millions of new transist,r 
radios are being used. We show you hcw 
to make money fixing them! 

14 

HIGH FIDELITY 
... there's big money to :e 

made installing and servicing Hi -Fi 
units. Your Sprayberry training nnw 
offers you this valuable and profitable 
preparation! 

E 

The field of Radio -Television Servicing is such a fast m wing 
industry that the best jobs and biggest incomes always gc first 
to the man with the most modern, complete and up -to date 
training. Thanks to constant revision and improvement ... 
Sprayberry Training helps you earn more from the start ... 
and keeps you earning more in the months and years ahead! 

Make no mistake! All radio- television 
training is not alike. The basic purpose 
behind Sprayberry Training is to prepare 
you as rapidly and as surely as possible 
... to make top money servicing Radio 
and Television sets and equipment. 
This is where the big money has been 
for years ... and will continue to be in 
the years ahead. 

It's important for you to know that 
for over 30 years ... Sprayberry Train- 
ing has been preparing ambitious men 
for success in this interesting and prof- 
itable kind of work. Our school has 
helped hundreds to qualify for the best 
jobs ... or to get started in profitable 
businesses of their own. Today our stu- 
dent rolls are the largest in our school's 
history... because the need and demand 
for Radio -Television Service Techni- 
cians has never been more urgent. 

Just $6.00 Starts You 
To encourage more men to enter Radio - 
Television at once ... to help fill the great 
need for trained men... we're making it 
easier than ever before to start training. 
Just $6.00 enrolls you. This liberal offer 
is naturally limited. Get the facts now 

e e e 

and consider enrollment while tl, ese fa- 
vorable terms are available to y u. 

KEEP YOUR JOB 
.. , while leaf. ing 

Under the Sprayberry Plan yo r train 
entirely at home in spare time. Yc u com- 
bine the most modern lesson training 
with fascinating and invaluable practi- 
cal work with 25 big kits of pasts and 
equipment that we supply. You ;et the 
equivalent of years of shop prac. ice ... 
and you can train as fast or as slc wly as 
you wish. We help you make excellent 
spare time money while learning ... and 
everything you receive -lessons, books, 
manuals, equipment -all yours to keep! 

This is the Radio -Television indus- 
try's most modern and up -to -the minute 
training. Sprayberry is the on. school 
that gives you personalized attention 
and takes a real interest in your pro- 
gress. Remember... just $6 starts you! 
Mail the coupon today. Let the facts 
speak for themselves. Let us send you 
our new catalog and sample lesson ... 
and prove the kind of opportunity that 
Sprayberry training can open up for you. 

MAIL COUPON -No Salesman Will 

RADIO -TELEVISION 
*eat. 20 -N. 1512 West Jarvis Ave., Chicago 26, III. 

JULY, 1960 

SPRAYBERRY ACADEMY OF RADIO -TELEVISION 
DEPT. 20 -N 1512 W. JARVIS AVE.. CHICAGO 26. ILL. 
Please rush all information on your ALL -NEW Radio Tele- I 
vision Training Plan. I understand this does not oblige te me 
and that no salesman will call upon me. Include New Cata- 
log and Sample Leeson FREE. 

NAME AGE 

ADDRESS 

CITY .... - maw term -- - --- ass r_ -, 
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CORRESPONDENCE (Continued) 

from you on this matter as you are intimately acquainted 
with the scope of the electronics field. 

LAWRENCE A. HALEY 
Wilmington, Del. 

[During the next 10 years, micro -electronics is likely to be 
used in only such things as missiles and satellites. Micro- 
electronic techniques will not go into mass production until 
at least the early 1970's. TV screens must be large enough 
to see, so extreme miniaturization would not make much 
sense in home TV sets. 

Radios the size of cigarette filter tips are interesting to 
think of, but are they necessary? How would you tune one? 

As semiconductors come into more common use, set oper- 
ating temperatures will drop. This will reduce the amount of 
service needed. 

It seems to us that home servicing is not going to expand 
greatly over any extended period of time. That is why we 
have started our Industrial Electronics section -to alert 
technicians to this expanding field. Our advice is to learn 
as much as possible about the industrial servicing field as 
it will probably play a large part in the industry as a whole. 
-Editor] 

MATCHBOX RADIO 
Dear Editor: 

I have a few additional comments to make about the 
"Matchbox Radio" (June, 1960, page 58) : 

1. The radio will operate a loudspeaker. [The test report 
indicated that it had not been tried with a speaker.- Editor] 
In general, if you can hear a station on a headset, you can 
hear it on a speaker. 

2. The output can be taken from between the emitter and 
the positive battery lead. When the phones are unplugged, 
the battery is disconnected from the circuit. When using a 
speaker, the output transformer is not necessary because 
this emitter circuit is low -impedance. A 3.2 -ohm speaker 
works well; higher -impedance speakers work better. 

3. Battery voltage is noncritical one way. If you increase 
it, the volume goes up, but you increase the chances of a 
thermal runaway. This occurs unfailingly at 9 colts. If the 
voltage is reduced, the volume goes down. It drives a loud- 
speaker on strong local stations with as little as 1.5 volts. 

4. Cheap, second- choice transistors can be used in this 
circuit. 

5. Antenna coil L is a luxury. A suitable coil can he ,jum- 
ble wound on any mandrel, or an old video peaking coil can 
be used. Any value between 200 and 300 µh will do. 

A. V. J. MARTIN 
Paris, France 

ANTIQUE -RADIO COLLECTORS 
Dear Editor: 

Over the past year I have received more than 600 letters 
from antique -radio fans and collectors all over the country. 
Most of them would like to organize some sort of a club 
to help them reach other collectors. Also, many newcomers to 
the hobby would like to trade, buy or sell parts and sets, but 
don't know whom to contact. 

I started a little over a year ago and have collected about 
250 sets. This kept my typewriter (and myself) busy day 
and night whenever I had a spare minute. I would not like 
to see this happen to other collectors as it is very discour- 
aging. 

If you would like a club, write and let me know. A post- 
card is all I need. 

I would like to put out a newssheet about every 2 weeks 
or every month, depending on how much (news and ads) 
there is to fill it. This means getting a mimeograph machine. 
For this I need your help. Cost of placing an ad in the sheet 
would be about 3 cents per word. (Of course the readership 
would be made up almost entirely of collectors.) 

How about it fellows? If you are interested, write and 
let me know. 

JAMES H. STEGNER 
R. D. No. 1 

Clearfield, Pa. 
[If you are interested in forming an organization of an- 

tique -radio collectors, here is an opportunity. If any of you 
have an old (or new, for that matter) mimeograph machine 
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RESIDENT SCHOOL COURSES IN 

LOS ANGELES AND NEW YORK CITY 

IN 

AT 
ma, 

ELECTRONICS 
RCA INSTITUTES... 

i i-rTaRrai i ii-Frml 

NOW 

Length of 
Course 

Course Qualifications 

A Advanced Electronic 
Technology (T -3) 

High School grad, with 
Algebra, Physics 
or Science 

Day 21/4 yrs. 
Eve. 63/4 yrs. 

B TV and General 
Electronics (V -7) 

2 yrs. High School, 
with Algebra, Physics 
or Science 

Day 11/2 yrs. 
Eve. 41/2 yrs. 

C Radio & TV 
Servicing (V -3) 

2 yrs. High School Day 9 mos. 
Eve. 21/4 yrs. 

p Transistors* V -3 or equivalent Eve. 3 mos. 

E Electronic 
Drafting (V -9)* 

2 yrs. High School, 
with Algebra, Physics 
or Science 

Eve. 3 yrs. 

F Color TV V -3 or equivalent Day 3 mos. 
Eve. 3 mos. 

G Audio -Hi Fidelity* V -3 or equivalent Eve. 3 mos. 

H Video Tape* V -3 or equivalent Eve. 3 mos. 

Technical 
Writing (V -10) 

V -3 or equivalent Eve. 3 -18 mos. 

J Radio Telegraph 
Operating (V -5)* 

2 yrs. High School, 
with Algebra, Physics 
or Science 

Day 9 mos. 
Eve. 21/4 yrs. 

K Radio Code (V -41* 8th Grade Eve. as desired 

L Preparatory Math & 
Physics (P -0) 

1 yr. High School Day 3 mos. 

M Preparatory 
Mathematics (P -OA) 

1 yr. High School Eve. 3 mos. 

*Cou ses to be added to Los Angeles Curriculum 

RCA Institutes is one of the largest technical insti- 
tutes in the United States devoted exclusively to 
electronics. Coeducational Day and Evening classes. 
Free placement service. Applications now being 
accepted. 

The Most Trusted Name 
in Electronics 
RADIO CORPORATION OF AMERIC:\ 

r - - - - Send to the school nearest you 

RCA Institutes, Inc. Dept.RER -70 

350 West Fourth Street Pacific Electric Building 
New York 14, New York 610 S. Main St., L.A. 14, Calif. 

Please send me your FREE catalog. I am interested in the courses circled 
below. 

A B CD E F G H I J K LM 

RCA 

INSTITUTES 

Name 

Address 

City Zone State 

(please print) 

For Home Study Courses See Ad On Opposite Page 

RADIO -ELECTRONICS 
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3® RCA INSTITUTES C) 
OFFERS YOU THE FINEST 

OF HOME STUDY TRAINING 

ggisktilt MOOT Al5 
COURSE Ill -T 

COURSE II-T 
COLOR 

IV 

TV SERVICING 

WisliilES 
AUTOMA110N 

FOR 

The equipment illustrated and text material you get 
with each course is yours to keep. Practical work with 
very first lesson. Courses for the beginner and the 
advanced student. Pay -as- you -learn. You need pay 
for only one study group at a time. 

SEND FOR THIS 

FREE BOOK NOW 

JULY, 1960 

For Resident School 

courses, see ad on 

opposite page. 

RCA INSTI 11ík. Home Study Sche)I RE-76 

A Service of Radio Corporation of America 
350 West Fourth Street, New York 14, N. Y. 

Without obligation, send me FREE 64 -page CATA LOG 
on Home Study Courses. No salesman will call. 

Name 
Please print 

Address 

City Zone. .State 

Korean Vets! Enter discharge date 

CANADIANS -Take advantage of these same RCA 
courses at no additional cost. No postage, no customs, 
no delay Send coupon to: 

RCA VICTOR COMPANY, LTD. 
5575 Royalmount Ave., Montreal 9, Que. 

To save time, paste coupon on postcard 

Age 
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n . ab has the answer 
control problems 

°I% FA.S TAT CH 
Dù al 
Radiohms 

No need to fence with dual concentric replacements 
... your problems are solved with CENTRALAB Model 
F and R controls. Just match front and rear units with 
proper resistance and taper -cut shafts to length (it's 
easy with the CENTRALAB SK -2 precision Shaft -Kut 
Tool) -snap together, and touche, you're ready to go. 

You won't be foiled by switch problems, either. 
Just parry them by snapping on a Fastatch KR line 
switch if needed. 

Fastatch Radiohms enable you Lo meet the demand 
for an immense variety of dual concentrics with a 
minimum of components. (The handy FDK -100 Kit 
provides coverage of 90''; of your dual control 
requirements.) Ask your distributor for full informa- 
tion about CENTRALAB Model F & R controls. 

CENTRALAB products are listed in PHOTOFACTS, 

COUNTERFACTS, and THE RADIO -ELECTRONIC MASTER. 

ELECTRONICS DIVISION OF GIOBE.UNION INC. 
922G E. KEEFE AVE. MILWAUKEE I. WIS. 
IN CANADA: P. O. Box 400. Ajax. Ontario 

CONTROLS ROTARY SWITCHES CERAMIC CAPACITORS 
PACKAGED ELECTRONIC CIRCUITS ENGINEERED CERAMICS 
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CORRESPONDENCE (Continued) 

and accessories, its use would be greatly 
appreciated. The question of dues or 
subscription is likely to come up shortly. 
Mr. Stegner will find that the cost in 
time and money of keeping in touch 
with several hundred collectors can be 
on the high side. -Editor] 

BOB MIDDLETON REPLIES 
Dear Editor: 

I was somewhat surprised to see Mr. 
Mack's letter in the June issue because 
I have long doubted that anybody reads 
my articles, or, if they do-who gives a 
hoot anyhow? 

If we define resistance as existing 
only in cylindrical packages with pig- 
tail leads at the ends, I will agree with 
his objections. On the other hand, a 
1N34 crystal diode is a semi- cylindrical 
package with pigtail leads, and it has 
both positive and negative resistance If 
we wish to buy a negative resistance, 
we can ask the man for a 1N34, or, 
better, a 1N653 tunnel diode. 

Now, a tunnel diode has positive re- 
sistance, as long as we use a low volt- 
age. If we increase the source voltage, 
we arrive at a point where the diode 
has a negative resistance. When we 
apply hnore voltage, less current flows. 

A type 24 tube has positive plate re- 
sistance (about 600,000 ohms) as long 
as the plate is operated at a higher volt- 
age than the screen grid. But, if the 
screen is operated at a higher voltage 
than the plate, the plate resistance be- 
comes negative. To put it another way, 
the negative resistance appears as less 
current if chore plate voltage is applied. 

I see no easy way to accept these 
positive resistances as "real" and then 
turn around and assert that the nega- 
tive resistances are "unreal." 

It actually makes little difference 
whether we allow positive resistance to 
a crystal diode and disallow its negative 
resistance, as long as we realize that it 
does exist and can make an electronic 
circuit work. 

To my way of thinking, I must ac- 
cept negative resistance of a crystal to 
he as real as its positive resistance. We 
connect a crystal diode across an L -C 
circuit, and bias the diode to make this 
negative resistance cancel the circuit's 
positive resistance. The circuit oscil- 
lates. Hence, I cannot agree that " - 200 
ohms has no significance to us what- 
ever." 

Sure, we took a few swipes at "Eggy." 
But we are TV technicians -not keep- 
ers of the keys to the ivory towers. Per- 
sonally, I prefer to be told that "the 
cat ate the canary" rather than "the 
feline quadruped ingested a member of 
the genus insula Canaris." 

Mr. Mack is right; "Eggy" has a real 
and vital part in industry today. So 
does Mr. Mack. I am only asking that 
more thought be given to the problem 
of communication. Life is too short to 
spend 90',; of it consulting the un- 
abridged dictionary while multiton 
sputniks circle over our heads. 

ROBERT G. MIDDLETON 
Birmingham, Mich. END 

RADIO- ELECTRONICS 
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The specs prove it...your best buy is 

B 

TV -FM SWEEP GENERATOR 

AND MARKER J =368 
KIT $69.95 WIRED $119.95 

-- . 

a0® ofr ° 
ö 266T ttsesee 

7 
A 

DYNAMIC CONDUCTANCE 

TUBE & TRANSISTOR 

TESTER =666 
KIT $69.95 WIRED $109.95 
Complete with steel cover & handle 

C 

RF SIGNAL GENERATOR ri 324 

KIT $26.95 WIRED $39.95 

D 

PEAK -TO -PEAK 

VTVM =232 & 

UNIPROBE 

KIT $29.95 

WIRED $49.95 

E 

COLOR & MONOCHROME 

DC TO 5 MC LAB & TV 

5" OSCILLOSCOPE =460 
KIT $79.95 WIRED $139.50 

5" PUSH -PULL 
Oscilloscope =425: 
Kit $44.95 Wired $19.95 

A Tests all receiving tubes (picture tubes with 
adapter), n -p -n and p -n -p transistors. Com- 

posite indication of Gm, Gp & peak emission. Simul- 
taneous selection of any one of 4 combinations of 
3 plate voltages, 3 screen voltages, 3 ranges of 
continuously variable grid voltage (with 5% accurate 
pot.). Sensitive 200 ua meter. 10 six -position lever 
switches: freepoint connection of each tube pin. 
10 pushbuttons: rapid insert of any tube element in 
leakage test circuit. Direct reading of inter -element 
leakage in ohms. New gear -driven rollchart. CRA 
Adapter $4.$0. 

B Entirely electronic sweep circuit with accu - 
rately- biased increductor for excellent line- 

arity. Extremely flat RF output. Exceptional tuning 
accuracy. Hum and leakage eliminated. 5 fund. sweep 
ranges: 3 -216 mc. Variable marker range: 2 -75 mc 

In 3 fund. bands, 60 -225 mc on harmonic band. 
4.5 xtal marker osc., xtal supplied. Ext. marker 
provision. Attenuators: Marker Size, RE Fine, RF 
Coarse (4 -step decade). Narrow range phasing con- 
trol for accurate alignment. 

C 150 kc to 435 me with ONE generator in 6 
fund. bands and 1 harmonic band! - _-1.5% freq. 

accuracy. Colpitts RF osc. directly plate -modulated 
by K- follower for improved mod. Variable depth of 
int. mod. 0 -50% by 400 cps Colpitts osc. Variable 
gain ext. mod. amplifier: only 3.0 v needed for 30% 
mod. Turret -mounted, slug -tuned coils for max. ac- 
curacy. Fine and Coarse (3 -step) RF attenuators. 
RF output 100,000 try, AF output to 10 v. 

D Uni -Probe - exclusive with EICO - only 1 
probe performs all functions: half -turn of probe 

tip selects DC or AC -Ohms. Calibration without re- 

moving from cabinet. Measure directly p -p ' 9ltage 
of complex & sine waves: 0-4, 14, 42, 140, 42C 1400, 
4200. DC /RMS sine volts: 0 -1.5, 5-, 15, 50, 1! 1, 500, 
1500 (up to 30,000 v. with HVP probe, & 250 rc with 
PRF probe). Ohms: 0.2 ohms to 1000 megs 41/2" 
meter, can't-burn-out circuit. 7 non -skip rar tes on 
every function. Zero center. 

E Features DC amplifiers! Flat from DC to - 5 mc, 
usable to 10 mc. Vert. Sens.: 25 my /ira:: input 

Z 3. megs; direct- coupled & push -pull throughout. 
4 -step freq.-compensated attenuator up to 300:1. 
Sweep: perfectly linear 10 cps - 100 kc (e,t. cap. 
for range to 1 cps). Pre -set TV V & H pc fions. 
Auto sync. Vim. & ampl. Direct or cap. cu.pling; 
bal. or unbal. inputs; edge -lit engraved lucite screen 
with dimmer control; plus many more outs'anding 
features. 

FREE CATALOG shows you HOW TO SAVE 50% on 65 models of top quality professional test equipment. MAIL COUPON NJEI 

New Transistor 
Portable Radio RA -6 
Kit $29.95 
Wired $49-95 
Incl. F.E.T. :; less 9V batt. 
Prealigned RF, IF 
xfmrs; push -pull 
audio; 6" spkr. 

*PAT. PEND. 

NEW Power & Bias 
Supply for 
Transistorized 
Eqpt. :1020 * 
Kit $19.95 
Wired $27.95 

5E1C0L 
33 -55 Northern Blvd. I.. C. 1, N.Y. 

Addi 5% in the West. o 1959 

TURN PAGE FOR MORE EICO VALUES 
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NEW Tube & 
CRT Fil. 
Tester =612 
Kit $3.95 
Wired $5.95 
Fast -checks 
radio /TV tubes, 
pilot lamps, etc. 

4 ` :) 

f, . 
R -C Bridge & R -C -L 
Comparator :950B 
Kit $19.95 
Wired $29.95 
Reads 0.5 ohms - 
500 megs, 
10 mmfd -5000 mfd, 
power factor 

Series /Parallel 
R -C Combination 
Box :1140 
Kit $13.95 
Wired $19.95 

,..141 

VTVM Probes 
Kit Wired 

Peak-to-Peak. $4.95 $6.95 
RF $3.75 $4.95 
High Voltage 
Probe -1 $6.95 
High Voltage 
Probe -2 $4.95 
Scope Probes 
Demodulator. $3.75 $5.75 
Direct $2.75 $3.95 
Low Capacity $3.75 $5.75 

Tube Tester =625 
Kit $34.95 
Wired $49.95 

tests 600 mil 
series string type 
tubes 

illuminated 
roll -chart 
Pix Tube Test 
Adapter $4.50 

6V & 12V Battery 
Eliminator 
& Charger =1050 
Kit $29.95 
Wired $38.95 
Extra -filtered for 
transistor equipt. 
c1030 Kit $38.95 
Wired $47.95 

20,000 Ohms . dolt 
V -O -M =565 
Kit $24.95 
Wired $29.9! 
1000 Ohms /V1t 
V -O -M :536 
Kit $12.90 
Wired $14.90 

EICO 

33 -00 Northern Blvd. 
L.I.C. 1, N.Y. 
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Show me HOW TO SAVE 50% on Test Inatru ants 

HI -Fi Ham Gear. Send free Stereo Hi -Fi 
Send free short course for novice license. Sen: me 

FREE Catalog, neme of neighborhood dealer. 

Name 

Address 

City Zone State 
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Stereo Pr 

IF YOU LOVE TO CREATE... BUILDL7E,COL7 KITS 

amplifier HF85tt 

100W Stereo Power Amplifier HF89 
70W Stereo Power Amplifier HF87 
28W Stereo Power Amplifier HF86 

Stereo Amplifier -Preamplifier HF81t 

FM Tuner HFT90tt 
AM Tuner HFT94tt 
FM /AM Tuner HFT92tt 

Stereo Integrated Amplifier AF4tt 

Mono HI -Fi .. . 
the experts say 

your Best Buy 
is EICO 

Stereo Automatic Changer/ 
Player 1007 

3 -Way Speaker System HFS3 
2 -Way Bookshelf Speaker Systems 

HFS5 and HFS1 

Exclusive advanced systematized engineering 
Lastest and finest quality parts 
Exclusive "Beginner- Tested" easy step -by- 
step instructions 
Exclusive TRIPLE quality control 
Exclusive LIFETIME guarantee at nominal cost 

IN STOCK - Compare, then take home any EICO 
equipment - right "off the shelf' - from 1500 
neighborhood EICO dealers throughout the U.S. 
and Canada. 
H F81 Stereo Amplifier -Preamplifier selects, 
amplifies, controls any stereo source & feeds it 
thru self- contained dual 14W amplifiers to a pair 
of speakers. Provides 28W monophonically. 
Ganged level controls, separate balance control, 
independent bass and treble controls for each 
channel. Identical Williamson -type, oush -pull 
EL84 power amplifiers. "Excellent " - SATURDAY 
REVIEW. "Outstanding ... extremely versatile." - ELECTRONICS WORLD. Kit $69.95. Wired 
$109.95. Incl. cover. 
HF85 Stereo Preamplifier: Complete master 
stereo preamplifier -control unit, self -powered. 
Distortion borders on unmeasurable. Level, bass, 
& treble controls independent for each channel 
or ganged for both channels. Inputs for phono, 
tape head, mike, AM, FM, & FM- multiplex. One 
each auxiliary A & B input in each channel. 
"Extreme flexibility . a bargain." - HI -FI 
REVIEW. Kit $39.95. Wired $64.95. Incl. cover. 
New HF89 100 -Watt Stereo Power Amplifier: 
Dual 50W highest quality power amplifiers. 200W 
peak power output. Uses superlative ultra -linear 
connected output transformers for undistorted 
response across the entire audio range at full 
power, assuring utmost clarity on full orchestra 
& organ. 60 db channel separation. IM distortion 
0.5% at 100W; harmonic distortion less than 1% 
from 20-20,000 cps within 1 db of 100W. Kit 
$99.50. Wired $139.50. 
HF87 70 -Watt Stereo Power Amplifier. Dual 35W 
power amplifiers identical circuit -wise to the 
superb HF89, differing only in rating of the out- 
put transformers. IM distortion 1% at 70W; 
harmonic distortion less than 1% from 20- 20,000 
cps within 1 db of 70W.Kit $74.95.Wired$114.95. 
HF86 28 -Watt Stereo Power Amp. Flawless repro- 
duction at modest price. Kit $43.95. Wired $74.95. 
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HIGH FIDELITY 
MANUFAtTI'NENS 

FM Tuner HFT90: Prewired, prealigned, tempera. 
ture- compensated "front end" is drift -free. Pre - 
wired exclusive precision eye- tronic,) traveling 
tuning indicator. Sensitivity: 1.5 us for 20 db 
quieting; 2.5 uv for 30 db quieting, full limiting 
from 25 uv. IF bandwidth 260 kc at 6 db points. 
Both cathode follower & FM- multiplex stereo 
outputs, prevent obsolescence. Very low distor- 
tion. One of the best buys in high fidelity kits." - AUDIOCRAFT. Kit $39.95 *, Wired $65.95 *, 
Cover $3.95. *Less cover, F.E.T. incl. 
AM Tuner HFT94: Matches HFT 90. Selects "hi -fi" 
wide (20 -9000 cps (n) -3 db) or weak -station 
narrow (20 -5000 cps (ii) -3 db) bandpass. Tuned 
RF stage for high selectivity & sensitivity. Pre- 
cision eye-tronic o tuning. "One of the best 
available." -HI -FI SYSTEMS. Kit $39.95. Wired 
$65.95. Incl. cover & F.E.T. 
New FM /AM Tuner HFT92 combines renowned 
EICO HFT90 FM Tuner with excellent AM tuning 
facilities. Kit $59.95. Wired $94.95. Incl. cover 
& F.E.T. 

New AF -4 Economy Stereo Integrated Amplifier 
provides clean 4W per channel or 8W total out- 
put. Kit $38.95. Wired $64.95. Incl. cover & F.E.T. 
HF12 Mono Integrated Amplifier (not illus.): Com- 
plete "front end" facilities & true hi -fi perform- 
ance. 12W continuous, 25W peak. Kit $34.95. 
Wired $57.95. Incl. cover. 
New HFS3 3 -Way Speaker System Semi -Kit com- 
plete with factory -built 3-4" veneered plywood (4 
sides) cabinet. Bellows- suspension, full -inch ex- 
cursion 12" woofer (22 cps res.) 8" mid -range 
speaker with high internal damping cone for 
smooth response, 31/2" cone tweeter. 21/4 cu. ft. 
ducted -port enclosure. System Q of 1/2 for 
smoothest frequency & best transient response. 
32- 14.000 cps clean, useful response. 16 ohms 
impedance. HWD: 261/2 ". 137/e ". 143/8 ". Un- 
finished birch. Kit $72.50. Wired $84.50. Walnut 
or mahogany. Kit $87.50. Wired $99.50. 
New HFS5 2 -Way Speaker System Semi -Kit com- 
plete with factory -built 3/4" veneered plywood 
(4 sides) cabinet. Bellows- suspension, s /e" excur- 
sion. 8" woofer (45 cos. res.), & 31/2" cone 
tweeter. 11/4" cu. ft. ducted -port enclosure. Sys. 
tem Q of 1/2 for smoothest frea. & best transient 
(esp. 45-14,000 cps clean, useful resp. 16 ohms. 

HWD: 24 1272 ", 10/2 ". Unfinished birch. Kit 
$47.50. Wired $56.50. Walnut or mahogany. Kit 
$59.50. Wired $69.50 

HFS1 Bookshelf Speaker System complete with 
factory -built cabinet. Jensen 8" woofer, match- 
ing Jensen compression- driver exponential horn 
tweeter. Smooth clean bass; crisp extended 
highs. 70- 12,060 cps range, 8 ohms. HWD: 23" 
X 11" X 9 ". Kit $39.95. Wired $47.95 
HFS2 Omni -Directional Speaker System (not illus.) 
HWD: 36 ", l51/4", 111/2 ". "Fine for stereo" - 
MODERN HI -Fl. Completely factory- built. Mahog- 
any or walnut $139.95. Blond $144.95. 
New Stereo Automatic Changer /Player: Jam -proof 
4- speed, all record sizes, automatic changer 
and auto /manual player. New extremely smooth, 
low distortion moisture -proof stereo crystal 
cartridge designed integrally with tonearm to 
eliminate mid -range resonances. Constant 45/2 
grams stylus force is optimum to prevent groove 
flutter distortion. No hum, turntable attractions, 
acoustic feedback, center -hole enlargement. 
Only 103/4" x 13 ". Model 10070: 0.7 mil dia- 
mond, 3 mil sapphire dual styli, $59.75. 
1007S: 0.7 mil,3 mil sapphire, $49.75. Incl. FET. 

(Shown in optional Furniture Wood Cabinet 
WE71: Unfinished Birch, $9.95; Walnut or 
Mahogany, $13.95. 
ttShown in optional Furniture Wood Cabinet 
WE70: Unfinished Birch, $8.95; Walnut or 
Mahogany, $12.50. 

EICO, 33 -00 N. Blvd., L.I.C. 1, N. Y. C -7 

Show me how to SAVE 50% on easy -to -build 
top -quality Hi -Fi. Send FREE catalog, Stereo Hi -Fi 
Guide plus name of neighborhood EICO dealer 

Name 

Address 

City Zone State 

Listen to the EICO Hour, WABC -FM, N.Y., 95.5 MC, 
Mon. to Fri. 7:15 -8 P. M., Sat. 11 -12 P. M. Ask 
dealer about EICO's Stereo Records Bonus. 
© 1960 by EICO, 33 -00 N. Blvd., L. I. C. 1, N.Y. 
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Radio- Electror ics 
Hugo Gernsback, :ditor 

AROUND THE WORLD IN 80 SECONDS 
The Strategic Air Command's Amazing Communications Net . . 

an editor, we are inclined to take electronics pretty S y 
much for granted. TV, color TV, radar, bouncing 
signals off the sun, we've heard about them all. 
You can't blame us for being a little bit hard - 

boiled and blasé. 
But every once in a while something happens to restore 

our enthusiasm. Recently we were flying at 250 miles an 
hour 15,000 feet over Ohio in a plane of the SAC- Strate- 
gic Air Command. Our host picked up a microphone and 
called a ground station in Guam, in the Pacific. Guam 
answered immediately. He called another in Tokyo. Tokyo 
answered at once. Then in rapid succession he called Oki - 
nawa, Hawaii, Alaska, Greenland, Labrador, California, 
Louisiana, Massachusetts, Bermuda, Puerto Rico, England, 
Spain, Libya and Saudi Arabia. All answered their calls 
in seconds. We had talked our way around the world in 
less than 2 minutes. 

Stunt? No -it happens regularly every day. This demon- 
stration occurred aboard the military plane assigned to 
Lt. Gen. Francis Griswold, Vice Commander in Chief of 
SAC. (He is also an active ham, KODWC.) We, together 
with a group of other editors, were en route to see SAC's 
remarkable world -wide communications headquarters and 
underground command post at Offutt Air Force Base, near 
Omaha, Neb. 

The primary purpose of SAC's communications web is to 
get orders to its bombers and missiles in seconds, should 
this be necessary. Actually there are three separate com- 
munication networks, all converging on the underground 
command post in Nebraska. The first is a one -way telephone 
system with better than 99', reliability which connects 
Offutt with SAC's Air Forces around the world. It termi- 
nates at the famous "red telephone." The telephones in this 
system differ from conventional desk sets in one respect: 
They each have an acknowledgment button. In an alert, 
SAC headquarters may wish to pass frequent orders over 
the system. Yet it must be certain that the orders have been 
received by all. Upon receipt of a call, each station listens 
to the message and is asked to acknowledge it. This it does 
by pressing the acknowledge button. As each button is 
pressed, a corresponding light flashes on the central panel 
at the commander's desk back at Offutt. 

It's impossible to describe adequately our feelings during 
a test. Within 10 seconds, we watched more than three score 
of tiny lights glimmer on one by one in acknowledgment. 
Lights turned on by the push of a button in Saudi Arabia, 
in Guam, in Greenland, in Spain! 

Being primarily a wire system using commercial facilities, 
this network could be disrupted by sabotage or enemy action 
in an emergency. To backstop it, SAC has its Commander's 
Net. This is a single -sideband voice radio system, normally 
used as a ground -to- ground system interconnecting the 
commanders of the various segments of SAC. The air -to- 
ground demonstration mentioned earlier used this Com- 
mander's Net. Since SAC is on a continuous alert, 
commanders must be able to communicate instantly even 
when airborne. Hence commanders' planes are specially 
equipped with equipment similar to that at the ground 
stations. The performance of the single -sideband (SSB) 
equipment is remarkable, especially when one considers that 
500 watts is the maximum power used. Despite this modest 
power, the system has a reliability of about 95', . It also 
provides almost instant world -wide communication. The 
Commander's Net is made up of stations at 26 locations 
throughout the world. Each station can operate on three 
different frequencies ranging from 2 to 35 me simultan- 
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eously, if prevailing traffic should make it necessary. 
One of the great advantages of the system is its relaying 

capabilities. Frequently, ionospheric conditions make it 
impossible to talk directly to some stations in the n t. At 
the flick of a switch the operator at any one statio 1 can 
convert his equipment to a two -way relay station, p eking 
up the signals from one station and retransmitting them 
instantaneously to another. In one demonstration we wit- 
nessed at Offutt, the operator could not reach H rwaii, 
although he could talk with Guam, a more (listant point. 
He asked Guam to relay Hawaii. This was done ins:antly 
and Offutt talked with Hawaii via Guam. Except for a 
a slight deterioration of clarity, it was impossible to know 
whether communication was direct or by relay. 

The third and most important communications net oper- 
ated by SAC is the ground -to -air Bomber Control net 
known as "Short Order." This is the net which would give 
the "go" order to SAC's bombers in the event of an enemy 
nuclear attack. Short Order is also SSB. The ground 
stations (two are in operation and two are in construction) 
consist of three 45 -kw and six 10 -kw transmitters at each 
location together with 16 directional and omnidirectional 
antennas. The associated receiving stations use essentially 
similar antennas and two receivers. Operating frequencies 
for the 45 -kw transmitters and the receivers as well as 
individual antennas can be selected instantly by a telephone 
type dialing system in the underground command post. 
Complete system control can be taken over by any c ne of 
the stations on a moment's notice. 

Another interesting feature of the SAC command lost is 
a closed- circuit color TV system. This chain is used to :rans- 
mit the status information displayed on the panels in the 
operations and intelligence centers to staff officers within 
the SAC headquarters. Five separate program ch:Lnnels 
are available. Color is used because much of the information 
displayed is color- coded. A separate black- and -white closed - 
circuit system connects the SAC command post with the 
Combat Operations Center of the North American Air 
Defense Command (NORAD) at Colorado Springs, Colo. 
Through this circuit, NORAD surveillance of North Amer- 
ica is simultaneously displayed in front of the SA( con- 
troller. 

Flexibility of control is the outstanding feature ( f the 
SAC nets. This requires complex control circuits. Main- 
tenance and repair problems are compounded and skilled 
service technicians are of vital importance. Much cf the 
test gear seen at the Short Order station sites would be 
strange to the average service technician, although familiar 
to the laboratory man. Precision frequency standards, 
laboratory type scopes and frequency counters are star dard. 
The not -so -old cliché that modern armies (and air forces) 
are made up of technicians is nowhere better illust rated 
than at SAC. 

A taxpayer's first reaction to SAC's installation is pride 
and satisfaction. But this is jolted aside by General Gris- 
wold's blunt complaint that communications development 
has not kept pace with missile and nuclear technology 
advances and that progress for many years has been pri- 
marily the result of improved technology rather than real 
breakthrough. One reason for this, in his estimation, the 
relatively small amount of money devoted to communica- 
tions research compared to that spent on atomic and missile 
research. He cited two relatively simple problems still 
crying for solution: Elimination of precipitation itatic 
interference on planes and development of really good 
antennas for planes. 
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By R. L. WATTERS* and J. V. CLAEYS* 

THE tunnel diode reported in 1958 
by Japanese scientist Dr. Leo 
Esaki, is an entirely new semicon- 
ductor device. It is like a diode be- 

cause it has two terminals and like a 
transistor since it may be used to 
amplify power. 

Although related to the transistor, 
the tunnel diode operates upon a dif- 
ferent principle and offers advantages 
not found in transistors. Some of these 
are its very small size, extreme speed 
and stability under varying tempera- 
ture conditions. 

It is a new circuit element which 
may, with appropriate circuitry, func- 
tion as a switch, amplifier and oscil- 
lator. Amplification and oscillation are 
possible well into microwave frequen- 
cies. At lower frequencies tunnel diode 
circuits may be simpler, smaller or more 
efficient than those of vacuum tubes or 
transistors. Let's see what this tunnel 
diode is and how it can be used in 
different circuit applications. 

This new device gets its name from 
a mechanism called "quantum-mechan- 
ical tunneling" (until now of only 
theoretical interest) which describes the 
manner in which electrical charges move 
through the device. The combination of 
this "tunnel effect" and the fact that 
the device comprises a p -n junction 
between two regions of very heavily 
doped semiconductor material has led 
to the naine tunnel diode. 

Negative resistance 
The property of the tunnel diode 

produced by the tunnel effect is the 
negative resistance which appears over 
a portion of its voltage range. A nega- 
tive resistance may be defined as a 
circuit element in which current de- 
creases with increase in voltage (or 
vice versa). This negative -resistance 
property is illustrated in Fig. 1, which 
shows the current -voltage character- 
istic of a typical germanium tunnel 
diode at room temperature. The nega- 
tive- resistance region of the curve lies 
between points A and B. 

The slope of this curve at any point 
is the resistance of the tunnel diode at 
that point. A vertical region (infinite 
increase in current), for example, would 
indicate zero resistance while a hori- 
zontal region (no increase in current) 

'General Electric Research Laboratory, Sche- nectady, N.Y. 
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would indicate an infinitely large 
resistance. In addition, a region which 
slopes upward to the right indicates a 
positive resistance while a region which 
slopes upward to the left indicates a 
negative resistance. An examination of 
the curve of Fig. 1 shows that the 
region from zero to A represents a posi- 
tive resistance, the region from A to B 
represents the negative resistance and 
the region beyond B again represents 
a positive resistance. The current - 
voltage characteristic of the tunnel 
diode, therefore, has a region of nega- 
tive resistance between two regions of 
positive resistance. 

While the tunnel diode is related to 
the transistor, the semiconductive mate- 
rial used is much more heavily doped 
with impurity than that used for tran- 
sistors. It is almost metallic, and no 
hermetic seal is necessary for protec- 
tion from such things as surface con- 
tamination and moisture penetration. 

A p -n junction formed between a 
heavily doped body of p -type conduc- 
tivity and a heavily doped body of n- 
type conductivity semiconductive mate- 
rial is very narrow, about one -millionth 
of an inch or less. It is this combina- 
tion, with the proper forward bias, that 
allows a "tunnel" current to flow and 
produces the negative resistance. All we 
need to know about this tunnel current 
is that its transit time is so short that 
it does not affect the maximum operat- 
ing frequency of the diode. This fre- 
quency limit is set by the junction 
capacitance and negative resistance of 

T D RY 
TORY 

the device and the bulk resistance of the 
material from which it is made. A diode 
was recently made to oscillate at 10,000 
mc. However, for known materials, the 
calculated maximum frequency of oscil- 
lation is 20,000 to 30,000 mc. 

Now, how do we use the tunnel diode 
in a circuit? The current -voltage char- 
acteristic described above and shown in 
Fig. 1 is the key. Since the slope at any 
point of this curve is the resistance of 
the diode, this property of the diode 
may be conveniently determined from 
it. For example, the resistance at point 
D in Fig. 1 is 0.115 

1045 ohms. -.00011 
Notice again that between A and B the 
diode is a negative resistance, that is, 
the current decreases with increase in 
voltage. At points A and B, however, 
the resistance is very high. We can see 
this on the curve itself. In the vicinity 
of A and B there is little or no change 
in current with changes in voltage. 

The locations of points A and B of 
the curve are set mainly by the semi - 
conductive material from which the 
tunnel diode is made. For germanium, 
the voltage at A is typically about .05 
volt and at B 0.3. For silicon, on the 
other hand, the voltages are .07 and 
0.4, respectively. Other materials have 
somewhat different values. However, all 
are in the forward voltage range of less 
than 1 volt. 

Properties 
To understand how to use the tunnel 

diode in various circuit arrangements, 

NEGATIVE RESISTANCE 
REGION OF CURVE 

115 

OR2-.00011- -1045II 

.1IMA 

o .2 .3 
VOLTS 

.4 .5 

Fig. 1- Typical germanium tunnel -diode characteristic. 
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TUNNEL 
DIODE E0 Fig. 3 -Basic tunnel -diode circuit. 

Fig. 2- Tunnel -diode characteristic with 
load lines for 500 -ohm resistor in circuit 

of Fig. 3. 

it will be useful to first explore some 
of its electrical properties. It will be 
convenient, therefore, to refer to the 
simple series circuit arrangement of 
Fig. 3. Then, in conjunction with Fig. 
2, we will analyze the operation of the 
tunnel diode. 

A current- voltage characteristic of 
a typical tunnel diode is shown in Fig. 
2. The curren through it is shown with 
respect to the voltage E across its 
terminals. Since the circuit of Fig. 3 
is a simple series arrangement, the 
voltage E at any time is equal to the 
battery voltage E minus the voltage 
drop in the resistance R. It would be 
very useful, therefore, also to know the 
current flowing in resistance R with 
respect to the voltage crop in it. Load 
line F in Fig. 2 shows just this relation 
and a very useful tool is available from 
it. The intersection of line F with the 
voltage axis shows the battery supply 
voltage E while its intersection with 
the diode characteristic curve shows 
the voltage E. 

Load line F may be used to represent 
the resistance R in the circuit of Fig. 3. 
While the slope of this line is negative 
and it appears at first that there is a 
decrease in current with increase in 
voltage, it must be remembered that 
the load line F does not show the cur- 
rent flowing in the resistance with 
respect to the voltage supplied, as is 
the case for the diode characteristic. 
Rather, it shows the current flowing 
with respect to the voltage drop in the 
resistance. For this reason, this nega- 
tive slope is not to be confused with 
the negative- resistance region (A -B) 
of the diode characteristic. 

The slope of load line F is determined 
by resistance R so that, having drawn 
a particular load line on the diode 
characteristic, one can easily find the 
resistance (R) necessary to establish it. 
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Fig. 4 - Tunnel -diode characteristic 
and load lines of switching property. 

ELECTRA NICS 

the new value of voltage E . 
If now we decrease the battery 

supply voltage E, the load line and its 
intersection will move toward the point 
C. Here it switches suddenly .o the 
point 1 -a on load line H and the lower 
value of voltage E. Notice that the 
slope of the load line remains the same, 
since resistor R was fixed at 50( ohms 
and only the position of the line along 
the voltage axis changes with ( hange 
in battery supply voltage. 

Load lines G and H show the battery 
supply voltages as 0.314 and 0.235 at 
the respective switching points. This 
shows that, as the battery volt age E 
was increased from zero, E inc 'eased 
to .065 volt and then very suddenly 
switched to 0.29 volt. This is an in: cease 
in voltage across the diode (E ,) of 
0.225 volt. Reducing the battery voltage 
to 0.235 volt then caused E. to switch 
suddenly from a value of 0.155 to .03 
volt. This is a decrease in voltage across 
the diode terminals of 0.125 volt. Thus, 
we see that near the switching points 
A and C a very small change n the 
battery voltage produced a reh.tively 
large voltage change across the diode. 
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For example, to find the R necessary to 
get load line F in Fig. 1, the slope is 
found from the voltage and current 
values taken from the curve. Line F's 

0.1 
slope is equal to 0002 - -500. The 

value of resistance R is +500 ohms 
since, as stated above, the negative 
slope does not concern us here. 

For the condition shown, E = 0.1 
volt, E. _ .009 volt and the current is 
0.18 ma. Therefore, with the above 
values, the point of operation of the 
diode (for the circuit of Fig. 3), will 
be as shown at 1 in Fig. 2. Although 
the slope of this load line is fixed by 
the resistance R in the circuit of Fig. 3, 
a change in the battery supply voltage 
will change its location with respect to 
the current- voltage characteristic. 

Now, let us increase the battery 
supply voltage. As this is done the 
load line moves up along the branch 
0 -A. When the intersection (or E) 
reaches a point near A, as shown by 
the load line G, the intersection (E ) 
jumps almost instantly to the point 2 
between B and C. Point 2 represents 

METAL PLATE 
(OTHER CONNECTION) 

GERMANIUM 
CRYSTAL 

ALLOY 
CONNECTING 
LEAD 

Laboratory style tunnel diode (original 
prototype). Semiconductor Lodi, s are 

alloy and germanium crystal. 
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Fig. 5- Characteristic and load lines 
illustrating amplifying property. 

Fig. 6- Tunnel -diode oscillator circuit. 
Values given are for 100 -mc operation. 
Unit may be frequency -modulated by 

2,000 -ohm headphone across R2. 
Fig. 7 - Characteristics and load 
lines illustrating oscillator operation. 

This property of the tunnel diode indi- 
cates one area of its usefulness. 

Switching 
Load line J in Fig. 4 (using the 

circuit of Fig. 3) represents a value of 
resistance much higher than the nega- 
tive resistance of the diode. Notice that 
this load line intersects the character- 
istic in both positive resistance regions. 
Thus there are two stable operating 
points for a single battery voltage E. 
The voltage across the diode can be 
either that corresponding to point 1 
or that corresponding to point 2. 

To show that only points 1 and 2 
are stable, look at Fig. 4 and load 
line J. Now imagine for a moment that 
the current and voltage have values 
corresponding to point 3. If, for any 
reason whatsoever (motion of electrons, 
heat or anything else), there is a very 
small increase in the current, then by 
looking at the characteristic curve we 
can see that there must be a decrease 
in the voltage across the diode. 

A look at the circuit shows us that, 
if this happens, there is more voltage 
available to send current through the 
resistance which causes a further de- 
crease in the voltage across the diode. 
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This action continues until point 1 is 
reached. At point 1, however, if there 
is to be any further increase in the 
current, there must also be an increase 
in the voltage across the diode since 
this is a positive resistance region. 
The only way the voltage across the 
diode can increase, of course, is for 
the voltage drop in resistance R to de- 
crease. And this is possible only if the 
current becomes smaller. The operating 
point then must remain at 1 and be 
stable there. 

The same thing would happen with 
any small decrease in current from 
that at point 3 so that the point would 
be then stable only at 2. This shows us 
that it is possible to provide a circuit 
arrangement which can be quickly 
changed from one impedance condition 
to another. For example, when the 
diode operates at point 1, it is in its 
low- impedance state and a relatively 
large current may flow. When operating 
at point 2, it is in a higher -impedance. 
state and the current is limited to a 
relatively low value. 

Selecting a load line such as K in 
Fig. 4 with its corresponding battery 
voltage E will indicate how this change 
may be made more significant. For 

example, the current at point 4 on load 
line K for a germanium diode of about 
0.5 -ma peak current is 0.3 ma and the 
slope indicates an impedance of about 
150 ohms. However, the current at point 
5 is .055 ma and the slope indicates a 
very high impedance. Thus, the diode 
can be employed to switch impedances, 
currents or voltages if desired. 

To use the tunnel diode as an ampli- 
fier or an oscillator, we must prevent 
it from switching. When we look at the 
diode characteristic curve we realize 
that, for this to be done, the value of 
resistor R must be less than the nega- 
tive resistance of the diode. That is, 
the load line established by resistance 
R must have a steeper (more vertical) 
slope than the slope of the negative - 
resistance region between A -B (Fig. 1). 

Such a load line is shown as C in 
Fig. 5. It always has only one inter- 
section with the diode characteristic, 
making it possible to have an average 
bias in the negative -resistance region. 
The slope of region A B for a typical 
germanium tunnel diode having a peak 
current at point A of about 1 ma is 
about -100. Hence its negative resist- 
ance will be 100 ohms. 

If now we choose a tunnel diode with 
a junction area 10 times as large (so 
that the peak current is 10 ma), we 
find that the slope of the region A -B 
is steeper and the negative resistance 
is reduced to only 10 ohms. From this 
we can see that, as the diode's peak 
current increases, resistance R must de- 
crease to prevent switching. 

Amplification 
Now how can the tunnel diode 

amplify? Refer to Fig. 3 again and 
assume that the diode is biased some- 
where between the points A and B and 
has a load line such as shown at C on 
the characteristic of Fig. 5 so that it 
looks like a negative resistance. This 
negative resistance is indicated as 
( -R ).Then: 

e( -R ) 
(1) ea = R + ( -R) 
or gain e ( -R) 

e - R + ( -Ra) 
where e is a small ac voltage in series 
with the battery and e is the ac voltage 
across the tunnel diode. 

From equation ( 1 ) we see that the 
gain is 1 when R = 0 and increases to 
a very large value as R approaches 
( -R ). This is shown graphically in 
Fig. 5. Lines C and D correspond to a 
resistance R of 150 ohms and battery 
voltages of 0.16 and 0.17 volts, or a 
change of .01 volt. At the same time 
we see that the voltage across the 
tunnel diode is .085 and 0.125 volt, 
respectively, or a change of .04 volt. 

Therefore, the gain = 
.01 

= 4. We also 
see that, as the slopes of the lines C 
and D approach that of region A -B 
of the diode characteristic, the gain 
increases. 

Now let us consider the circuit of 
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Fig. G. This arrangement can function 
as an amplifier or an oscillator, depend- 
ing on the resonant impedance of the 
L -C circuit. Assume first that R, is 
adjusted so that the diode has a nega- 
tive resistance, -R,,, and that R2 is 
smaller than R so that we will prevent 
switching. If the resonant impedance of 
the L -C circuit is made greater than R0, 
then the circuit will oscillate. If, on the 
other hand, the resonant impedance is 
less than R,., the circuit will amplify. 
Fig. 7 shows the diode characteristic 
with the do load line C established by 
resistances R, and R2 and the ac load 
line D clue to the resonant impedance 
of the L -C circuit in order for the cir- 
cuit to function as an oscillator. 

An important thing in regard to this 
is that the amplitude of the oscillation 
will build up until the average negative 
resistance of the diode just equals the 
positive resistance of the circuit at the 
operating frequency. For our purposes, 
it is sufficient to know only that this 
means that the diode still has a negative 
resistance while it is oscillating. We 
can make further use of this by adding 
another parallel -tuned circuit, tuned to 

An FM transmitter built around a tunnel 
diode. The microphone is in the upper 
right corner and the battery is covered 
by it. The tunnel diode is to the left of 

the mike. 

a different frequency, in series with the 
oscillator tank. This circuit "sees" a 
negative resistance. If its resonant 
impedance is slightly less than the 
impedance of the oscillator tank, it will 
amplify at this new frequency. We can 
add still another tuned circuit and use 
it as an amplifier also by following the 
sanie procedure. As an example, we 
have had a circuit operating, using a 
single tunnel diode, that was an rf 
amplifier (100 mc), an oscillator (110 
mc) and a mixer and if amplifier 
(10 mc)! 

A few of the successful applications 
of the tunnel diode are as quartz - 
crystal controlled oscillators, utilizing 
the series or parallel resonance of the 
crystal ; frequency -modulated oscilla- 
tors; regenerative frequency dividers; 
counters; logic elements; amplifiers 
and combination oscillator amplifiers. 
The list is growing daily. END 
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COVER FEATURE 

ELECTRONICS GOES 

DOWN TO THE SEA 

On small boats) 
By NEWELL GARDEN* 

THE outboard motor has made it pos- 
sible for millions of Americans to find 

new recreation opportunities on the 
nation's waterways and oceans. Small, 
transistorized electronic navigation 
aids, either self -powered or operated 
with insignificant drain from the boat's 
12 -volt power mains, have given these 
boat owners new tools for enjoyment 
and protection. 

Like the outboard motor, electronic 
depth sounders and radiotelephones are 
becoming common sights on boats in all 
parts of the country. Commenting on 
their growth in popularity, Capt. Joseph 
J. O'Connell of Fall River, Mass., one 
of the largest boat dealers in the coun- 
try, notes that several years ago the 
prospective buyers used to ask if they 
really needed a depth sounder or a 
radiotelephone; now they raise an eye- 
brow if the boat they're looking at isn't 
electronic -equi pped. 

Although depth sounders have been 
around since the Fathometer was in- 
vented in 1924, they have been mostly 
styled and priced for commercial craft 
or large, expensive yachts. 

The introduction of transistors and 
higher frequencies which made possible 
smaller components and equipment size 
has opened up an entirely new market 
for electronic depth sounders. Today 
more than 20 companies offer equipment 
specially made for the small -boat owner. 

With a depth sounder, the boat owner 
can find a new measure of enjoyment 
in a fishing trip. The electronic lead 
line tells him accurately and continu- 
ously just how deep the water is- 
correct to the nearest foot. He gets a 
bonus in that the character of the flash 
on a flashing light unit or the trace on 
a recording unit can give him a good 
indication of the bottom characteristics. 
Knowing whether it is sand, mud or 
rock and just where the dropoffs and 
tables are is half the battle in game 
fishing. Commercial fishermen have used 
deep -water depth sounders for years. 

Aside from fishing, the electronic 
depth sounder helps the boatman navi- 
gate in unmarked waters as well as 
known waters. He can determine his 
position by noting the depth of water 
under his boat and combining this in- 
formation with his bearing from a light- 
house or known point ashore. 

Radios, which according to Captain 
O'Connell, are specified more frequently 
by women than men, give the boatman 
the convenience of quick communication 
with the Coast Guard in case of emer- 

*Raytheon Co., Waltham, Mass. 
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gency. Although this safety tie -in is 
probably the real advantage of radio- 
telephone, the boatman can also use 
his radio to call the marine operator of 
the telephone company who can con- 
nect him with any shoreside phone. 
To the doctor or business executive who 
must be reachable for consultation, this 
means freedom to enjoy boating while 
maintaining his responsibilities. 

Radio direction finders are ar added 
convenience and safety factor for the 
boatman who ventures offshore or out 
onto the Great Lakes where n ght or 
fog might make navigation r ifficult. 
With a direction finder he can take a 
radio bearing on a lighthouse o light- 
ship to find his position or ae can 
home on the signal of a ligi' thouse, 
aviation beacon or even the sigr al of a 
radio station near his home port. 

Electronic gasoline -fume detec':ors are 
adding a safety margin to of erators 
of inboard gasoline- engined boats. Gas 
fumes are heavier than air and, if 
there is even a small leak in the sys- 
tem or an overflow while fueling, the 
fumes settle in the bilges and engine 
compartment, from which the must 
be exhausted immediately and before 
the engine is started. The gas detector 
electronically sniffs the air in th r bilges. 
If fumes are present, a platinum wire 
in the detector grows warm and an 
infrared cell triggers an alarm. 

The newest electronic safe ty aid 
scaled down for small -boat use i radar, 
which has now been packaged in just 
two units. A transmitter and .antenna 
unit is located on the cabin top or 
mast, and an indicator receiver is in- 
stalled in the wheelhouse. Using a 7- 
inch cathode -ray tube for an indicator, 
the new small -boat radars have good 
definition for navigation and collision 
prevention as they sweep the horizon 
for 12 miles. This month's cover shows 
how a Raytheon radar system looks in 
a small cabin cruiser. The new small 
depth sounder is also visible. 

The low -cost radars for small boats 
take into account the shortage of power 
found in most pleasure craft. They can 
be operated from 12 -, 24 -, 32 -, 110- or 
220 -volt lines. (Most of the earlier 
units required 110 or 220 volts. 

With all this electronic equipment 
available to boatmen and the boy t owner 
adding more each year (20% more in 
fact), there are many new opportu- 
nities for professional electronic serv- 
icing in pleasure- boating centers to 
install electronic equipment an i main- 
tain it at its designed efficiency. END 
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UNDERWATER 
METAL 

DETECTOR 

Now you can locate that out- 
board or anchor you lost 

By KENNETH 
FOR centuries man's imagination has been stimulated - 

and his urge for sudden wealth aroused, by tales of 
buried and hidden treasure and its discovery. From 
sunken Spanish or English treasure fleets of the 16th 

and 17th centuries to gold- carrying ships sunk in World 
War II, there are hundreds of authentic or semi -authentic 
treasure troves, not counting the pirate hoards and other 
land -buried or hidden wealth. 

With the invention of the Hughes induction balance in 
1879, a practical means of searching for such buried 
treasure was introduced for the first time and Hughes 
balance devices are still in use. Since 1929, improved 
methods for locating buried treasure have been available. 
None of these is as well suited for locating metal under 
water as the comparatively inexpensive electric- bridge 
instrument shown in the photo. It contains a battery, trans- 
former, a sensitive meter and headphones. (The vibrator 
and associated parts were used in unsuccessful alternating - 
current experiments, and are not used in the instrument.) 

Another photo shows the feeler, made of stainless steel, 
monel metal or copper, connected to the end of the insulated 
trailing cable. 

The feeler may consist of either single or multiple ele- 
ments, whichever the operator prefers, in the form of 
pointed spikes made of the selected metal. Each type of 
feeler has both advantages and disadvantages. The single - 
element feeler composed of merely a single spike will 
register the greatest percentage change of current flow on 
the meter upon contact with a metallic object. The multiple - 
element feeler with the spikes (arranged in the form of a 

TO SHIP'S GND TO FEELER 

View of metal - 
detector control box. 

30 

R2 

RICHARDSON 
comb or rake, for example) will register proportionately 
less. The obvious advantage of the multiple feeler is that 
it covers a greater area. Personal experiment with feelers 
will assist the operator in determining the best type for 
his needs. 

In the photo of the multiple -element feeler, note that the 
two legs of the "rake" are angled to minimize snagging 
underwater. Also note the small vane, which acts as a 
rudder to assure that the feeler scours the bottom with its 

TO FEELER TO SHIP'S GND 

TO BATT NOT USED 

Interior view 
of metal detector. 

spikes downward. A nylon rope is used to drag the feeler 
to relieve strain on the electric cable. As much of the feeler - 
frame surface as possible is insulated from contact with 
the water by tough plastic tubing and Vinylite tape. This 
will prevent loss of response due to leakage. Overall size 
may be anything from 2 feet to 6 or more, with the spikes 
spaced 6 to 12 inches apart. 

To adjust the instrument, first drop the cable to the 
bottom while the boat is under way, to assure that the 
multiple feeler, if used, scours the bottom with its spikes 
downward. Next, ground the instrument to the ship's 
engines or to an overside seaplate. Turn on the switch and 
set R2 to its approximate center position. Then adjust R1 
until the meter centers, readjusting R2 slightly if necessary 
to secure perfect centering. 
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In exploring any area, the operator maneuvers his boat 
back awl forth, and the feeler sounds for metal along the 
sea bottom. As the feeler touches the surface of any metallic 
object, the meter reading will change, and a scraping sound 
will be heard in the headphones. 

In areas of rocky bottom where the trailing method is 
more difficult, a weighted single spike is effective when 
repeatedly dropped vertically at short intervals as the boat 
maneuvers very slowly. These methods are suitable for 
locating sunken outboard motors and anchors, hundreds 
of which are lost annually, and also other metallic objects 
of value. Hulks of old wrecks containing valuable items 
repose in many of our bays, lakes and coastal areas. During 
his searching, the operator should be prepared to drop an 

ELECTRONICS 

RI -pot, 30 ohms 
R2 -pot, 60 ohms 
M- zero -center meter, 500 -0.500 µA 
J -phone jack 
P -phone plug 
T- carbon mike to grid transformer, 100 or 200 to 

2,000 -10,000 ohms (Triad A -IX or equivalent) 
S -spst toggle 
Battery -I.5 -volt cell (the larger the cell, the 

longer the battery life) 
Headphones, 2,000 ohms 
Battery holder 
Terminals for feeler and ground connections 
Case 
Feeler (see text) 

Schematic of metal detector. If desired, an 
external shunt resistor may be used (15 to 
30 ohms across RI) for salt -water use (since 
salt water has a lower resistance than fresh 
water, R1 should have a lower resistance). 

anchored buoy immediately on the site of any strike, b,'cause 
of the ever changing currents and winds. We will not go 
into a discussion of actual salvaging operations, whit- may 
range all the way from simple skin diving in clear water 
to the elaborate expeditions required in turbulent and 
muddy areas. 

The approximate locations of a vast number of 'creeks 
are actually known, and information can be obtain ed by 
writing to the United States Coast and Geodetic Survey, 
Washington 25, D. C. Numerous books on the subject are 
also available. 

An active summer is assured the seeker of hidden under- 
water treasure, and the United States Government will 
permit him to retain all finds, after taxes. END 

ROUNDWORD PUZZLE 
By MICHAEL L. NAHRWOLD 

ARE you tired of the old across -and- 
down type crossword puzzle? Well, 

then, here is the thing for you -a round- 
word puzzle. Simply start at No. 1 and 
print the words on the outside squares 
of the puzzle, always going in a clock- 
wise direction. The first letter of each 
word is always the last letter of the 
word preceding it. The words on the 
lower half of the puzzle will read back- 
ward and the words on the left half 
will read from bottom to top. 

For example, the answer to the first 
definition must be a 3- letter word that 
represents X 1,000,000. Obviously, the 
correct answer is MEG and is placed in 
the first three boxes across the top of 
the puzzle -the M in the box numbered 
1 and the G ending up in the box num- 
bered 2. For our second answer we need 
a 7- letter word that starts with G and is 
a unit of magnetomotive force. GILBERT 
is such a word, but is it correct? As a 
check, is its last letter (T), which ap- 
pears in the box numbered 3, the first 
letter of a 10- letter word that is the 
definition of a semiconductor? Try your 
luck and knowledge. 

Answers on page 115. 
1. X1,000,000 (prefix) 
2. Unit of magnetomotive force 
3. A semiconductor 
4. Feedback 
5. Narrow -band frequency modulation 

(abbreviation) 
6. .000,001 ampere 
7. Section of a beam antenna 

JULY, 1960 

8. 4 element tube 
9. Type of tweeter 

10. Code (abbreviation) 
11. Radio station run by the National 

Bureau of Standards 
12. Unit of electromotive force or 

potential difference 
13. Grid -controlled rectifier 
14. Lowest class ham ticket 
15. Electron coupled oscillator 

(abbreviation) 
16. Test instrument incorporating CRT 

17. Flow of electrons from tube fi ament 
or cathode 

18. Net control station (abbreviation) 
19. Hi -fi using 2 channels 
20. Unit of resistance 
21. Unit of conductance 
22. First stage of a CW transmitter 
23. Electromagnetic switch 
24. Unmarried lady amateur (slaw 

abbreviation) 
25. Antenna used in radio directior finders 
26. Male connector 
27 Type of diode 

I 2 3 

e 9 

14 15 16 

7 t 20 2Ì 
19 24 25 

26 22 

IB 4 

23 27 

17 

13 12 II 10 

6 5 
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Why we want them, what they 

do, and how they work 

By HAROLD B. McKAY 

T one time, air conditioning meant 
filtering, cooling, dehydrating 
and circulating the air in a 
room. Placing the correct elec- 

trical charge on the air molecules must 
now be added to the list. The electronic 
repairman of the future may have to 
troubleshoot with the aid of sensitive 
instruments like the electrometer, or he 
may have to build an electroscope to 
find out if an air conditioner is really 
"conditioning" the air. 

Recent discoveries concerning the 
effect electrically charged air has upon 
animals and humans show that nega- 
tively charged air aids good health. 
Why ionized air affects humans and 
animals has been a matter of extensive 
study by doctors and other researchers. 

Recently, the subject has been clari- 
fied by the work of two scientists, 
Albert Krueger and Richard Smith of 
the Department of Bacteriology, Uni- 
versity of California. They conducted 
experiments in which sections of the 

Electrometer and probe can be used to 
determine if an air conditioner is send- 

ing ionized air into a room. 

windpipe were taken from rabbits, and 
the effects of the charged air noted. 

The lining of the nasal passages, the 
trachea and bronchial tubes is surfaced 
with ciliary cells. These cells have tiny 
hairlike growths which constantly wave 
or beat. This action propels fluid up- 
ward toward the nose, and is nature's 
way of ridding our lungs of dust, bac- 
teria, pollens and other irritants. 

The experiments showed that nega- 
tive air causes the fluid of these cells 
to become less viscous, the cilia to beat 
faster and thus push particles away 
faster. Positive air caused the cilia to 
slow down, the fluid to dry and the 
specimens to die more quickly. 
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A/R 
IONIZERS 

The Granco Ionator, a portable health appliance a 
foot and a half long by about ten inches high and 
deep that combines mechanical filtering, electrostatic 
precipitation and negative ionization. Particles as 
small as one micron in diameter are removed from 
the air sucked in, and the purified air is charged with 

negative ions as it is returned into the room. 
Some manufacturers have been quick 

to note these developments, and already 
electric heaters and air conditioners 
which embody ionization equipment are 
on the market. 

Normally, when air is ionized, both 
positive and negative ions are gener- 
ated, but circumstances may alter the 
balance between the polarities. The 
ionization of the atmosphere is con- 
stantly changing in polarity. 

Ions from heaters 
The Wesix Electric Heater Co. be- 

came interested when the firm's presi- 
dent found that electric heaters could 
ionize air. He learned how electric 
heaters could be modified so they would 
take advantage of this and contribute 
a desirable surplus of negative ions to 
the air. 

r 

COIL 
ELEMENT 

GUARD 

GRID (NICKEL WIRE MESH) r 
o ) 

o 

o I 

1 

L 

117 VAC 

r- - 
iTHERMOSTAT 

L _J 

Fig. 1- Arrangement of an electric 
heater modified to deliver negatively 

ionized air. 

This was done by placing a nickel 
wire -mesh grid around the ceramic tube 
on which the heating element is wound 
(Fig. 1). Under the heater a small 
rectifier is connected to the ac line. The 
negative side of the rectifier is con- 
nected to the grid which surrounds the 
heating element. 

Operation is like that of a vacuum 
tube. The heater element, when it 

This ionizer resembles a microphone. It 
is made by the Wesix Electric Heater Co. 

reaches incandescence, generates both 
positive and negative ions. The positive 
ions are attracted to the negative grid 
and neutralized. The negative ions are 
repelled to the heater. When the ac goes 
through zero, the negative charge on 
the grid disappears. At this moment, 
both positive and negative ions pass 
through the grid. When the grid is 
again energized, the positive ions which 
got through are drawn back and neu- 
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Fig. 2- Circuit for negative -ion gener- 
ators. 

tralized. The negative ions which are 
outside are repelled by the grid and 
pushed into the room. The ceramic tube 
which holds the heater and grid is 
slightly conductive when hot, and lets 
the grid charge leak off between ac 
cycles. 

Heatless ionizer 
You may not always want the heat 

on to get ions, so a gadget that looks 
like a desk microphone was developed 
for such cases (see photo). It consists 
of a small plastic disk containing a 
piece of titanium foil which has been 
impregnated with heavy hydrogen, 
tritium (H:). This is a radioactive ma- 
terial which emits beta particles of .015 
mev. It will ionize air, but the particles 
travel only a short distance, so there 
is no danger from radioactivity. 

Behind the foil a flat plate electrode 
suppresses the positive ions and repels 
the negative ions into the room. The 
base of the desk unit contains a trans- 
former and a voltage -doubling rectifier 
unit, with a circuit resembling that used 
in radio receivers (Fig. 2). About 900 
volts of negative do is obtained and this 

117 V 
AC 

NEON BULB 
FLASHES TO 
INDICATE 
OPERATION OF 

NE = IONITRON 

PARTIAL SKETCH OF 
ELECTROSTATIC SHIELD /IGNITRON UNIT 

IR FLOW i NEON BULB 

411V DC 

70 PWR SUPPLY 

Fig. 3- Circuit of Philco's lonitron. 
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is connected to the plate electrode. 
In addition to these devices, another 

manufacturer, Philco, now markets an 
air- conditioner which embodies an ion 
control device. 

It consists of a power supply which 

Philco's Ionitron being attached to an 
air conditioner. 

BLOWER 

ION COLLECTOR 

µµAMMETER RECORDER 

BATTS 
+ 90V 90V 90V 

25 W HTR + I+ 

OFFo 

POLARITY SW 
VOLTAGE 
SELECTOR SW 

Fig. 4 -Setup for measuring ion content 
and polarity of air. 

delivers 4,000 volts dc to an ionizer tube 
located in the air stream (Fig. 3). The 
voltage is great enough to ionize the 
air, but not enough to form ozone or 
nitrogen oxides. 

The polarity and count of atmos- 
pheric ions can be measured by appa- 
ratus which is fundamentally simple, 
but nevertheless quite delicate and ex- 
pensive. All that is required is a set of 
plates, like an air capacitor, and a 
micromicroammeter. In principle, a 
charge from a battery is placed on one 
set of the plates. The ions in the air 
carry some of this charge to the other 
plates, from which it is drawn off 
through the ammeter and measured 
(Fig. 4) . 

An electrometer can check ions 
emerging from a suspected source. It 
is a sensitive vacuum -tube voltmeter 
type unit which reads in micromicro- 
amperes when used with a shunt. It can 
be connected to a small probe consisting 
of a coin -sized disk surrounded by a 
ring (see photo on preceding page). 

These are some of the units now on 
the market. More will be made and 
within a short time many more manu- 
facturers will be turning out ionizers - 
another promising new field for the 
electronic technician. END 

ELECTR UNICS 

ELECTRONIC 
CAMERA 
TAKES 
MOVIES 

ANEW type of camera that is based 
on a combination of television and 

electronic printing techniques is now 
in the experimental stage. Developed 
by RCA scientists at develo mental 
laboratories in Princeton, N. J., the 
electronic camera records its pictures 
on a strip of specially preps red re- 
usable plastic tape. 

A conventional lens system focuses 
the scene to be recorded on a to Pe made 
up of layers of conducting, photo- 
sensitive and insulating mate vials on 
a plastic base (see diagram). Before 
being exposed, the tape is give i a uni- 
form electric charge by an electron 
gun. When a picture is taken (one 
frame), the charge is driven from the 
tape according to the intensity of light 
in the scene. The result is an electrical 
charge pattern that corresponcs to the 
light pattern of the image. 

To view the pictures, the exposed 
tape is passed in front of a scanning 
beam from an electron gun which reads 
the electrical charge pattern to pro- 
duce television type signals fc r trans- 
mission or recording on magnetic video 
tape. (The electrical charge Zvi :l remain 
on the camera tape for about two weeks 
and can be scanned several times.) 
Final playback is on a TV sc reen. In 
the experimental version, the entire 
mechanism is enclosed in a va. uum. 

METALLIC CONDUCTINC STRIP. 

POLYSTYRENE - 
.6 MICRON 

PHOTOCONDUCTOR- 
2 MICRON E i 

tttttttr ,r, BASESPARENT 

ELECTRON tEAM 

15 MICRON 

.01 MICRON 

60 70 125 
MICRON 

LIGHT 

POLYSTYRENE INSULATOR 

PHOTOCONDUCTOR -ANT MONY 
TRISULPHIDE ( SbS3) 

TRANSPARENT THIN GOLD CONDUCTING LAYER 

As used in space satellites the orig- 
inal purpose of the device), the infor- 
mation would be transmitted to earth 
where it would be recorded on magnetic 
video tape. For home movies - -a remote 
possibility for the future -the exposed 
film would be placed in a playback 
device that would record the signals on 
magnetic tape. Then through a video 
tape playback, the pictures would be 
viewed on a standard TV receiver. END 
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ELECTRONICS 

I4J NICIPLES 
OF 
MODERN 

RADAR 

THE two basic kinds of radar dis- 
cussed in the first part of this series 
were the pulse- modulated or PM 
and the frequency -modulated or 

FM. Although both provide accurate 
range and azimuth data, they depend 
on targets of fairly large size which 
do not move rapidly with respect to 
the range. 

For example, PM radar is excellent 
for long -range detection and tracking 
of missiles and satellites in outer space. 
Although such targets may actually be 
traveling at high speeds, their rate of 
movement is not too consequential 
when compared to range distances of 
thousands of miles. 

At very short ranges, ground -based 
PM and FM radar is ineffective in 
locating targets on or just above the 
ground -particularly when they are 
moving over the earth's surface. 

A long -persistence PPI (plan posi- 
tion indicator) scope provides, with 
successive sweeps of the radar antenna, 
a series of repeating echoes from 
moving as well as fixed targets. Close 
scrutiny of slight changes in the posi- 
tion of these echoes on the scope screen 
gives some indication of movements of 
any target. But there is no highly 
accurate indication of moving targets 
on the PPI scope of a PM radar. It is 
even more difficult to see target echoes 
when they are submerged or partially 
covered up by echoes from fixed objects 
on the terrain. 

This important requirement is met 
by a third kind of radar. Combining 
certain features of both the PM and 
FM, it is known as pulse -Doppler or 
PD radar because it uses the Doppler 
effect effectively. 

The Doppler effect was named after 
the man who discovered it. It is simply 
an apparent change of frequency of any 
received signal by a moving object 
(the object can be stationary and the 
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Part II- Pulse -Doppler systems elim- 

inate many of the disadvantages of 

other radar systems in detecting and 
indicating moving targets 

signal source moving). A common 
example of this is the change in pitch 
of a whistle or bell on a train as it 
goes past a listener. The passengers 
on the train also experience this effect 
when listening to gate -crossing bells 
and such. The effect is not limited to 
sound or radio (or radar) signals: the 
light from a moving star seems to 
change in frequency (color). The light 
shifts toward the red region of the 
spectrum when the star recedes from 
us and toward the violet region when 
it approaches us. 

Radar signals from a moving target 
are doubly affected by this effect. The 
target receives a signal that is changed 
in frequency and then reflects (or 
effectively retransmits) it to the orig- 
inal source. Since the target is moving 
with respect to the source, the fre- 
quency of the signal is changed again. 

A PD radar can detect and locate all 
objects and targets within range -it 
sorts out ?nothing targets with special 
data- processing circuitry and displays 
these and only these echoes on an 
indicator. A PD radar is sometimes 
called an MTI or moving- target indi- 
cator. 

A single and important advantame of 
PD radar is that it defines moving 
objects and targets clearly at greater 
ranges- regardless of ground clutter 
and echoes from fixed objects or targets 
-than is possible with any other kind 
of radar. 

Although developed primarily for 
military surveillance, PD radar will 
ultimately find commercial use for 
similar specialized applications. 

Radar components 
A PD radar (see block diagram) is 

similar in many ways to the PM type. 
The principal difference is in the re- 
ceiving circuit. 

At an operating frequency of several 

By JORDAN McQUAY 

hundred or sometimes thousand mega- 
cycles, the radar transmitter sends out 
pulses of microwave energy. These are 
directed by the antenna system toward 
the area being searched or scanned. 

The number of such pulses per 
second- usually about 5,000 -is called 
the prf (pulse recurrence frequency). 
The duration of each rf pulse is 
extremely short -less than 1 µsec -to 
allow time for reflected echoes from 
objects or targets to be received by 
the PD radar. 

The prf and the pulse duration are 
both controlled by the timer. It also 
provides trigger voltages to synchronize 
operation of the transmitter, receiver, 
indicator and other components of the 
radar system. 

A duplexer-or TR switch -permits 
use of a single antenna for both trans- 
mitting and receiving. 

Objects and targets within range of 
the radar and reached by the very 
narrdw rf beam from the antenna will 
reflect very weak echoes- usually less 
than 1 µv in strength. These reflected 
echoes are picked up by the antenna 
and pass directly through the duplexer 
to the microwave receiver, which is 
broadly tuned to the same operating 
frequency as the radar transmitter. 

In the receiver, echo signals are 
mixed with a local -oscillator signal to 
produce an if of 30 mc (sometimes 60 
mc), which then passes through several 
stages of broad -band (if) amplifica- 
tion. Automatic circuits in the receiver 
provide for frequency control of the 
local oscillator and for gain control of 
the incoming echo signals. 

At the same time, a coherent oscil- 
lator- actually a second local oscillator 
-is operating continuously at the if 
(30 mc or 60 mc). It produces if control 
signals that have a fixed phase rela- 
tionship (or phase coherence) with the 
if echo signals. 
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Both s.gnals -if control and echo - 
are applied to a phase detector. It 
combines them into video signals having 
a polarity determined by the phase 
difference between the control signals 
and the echo signals. 

Echoes received from stationary 
objects and targets produce video sig- 
nals (at the output of the phase 
detector) with a fixed polarity. Echoes 
from moving targets produce video 
signals that change in polarity at a 
frequency proportional to the rate of 
movement of the objects or targets. 

To sort out and eliminate the video 

US Army 

Antenna of giant PM radar used to 
detect and track missiles and satellites. 

signals of fixed polarity (from fixed 
targets), the output of the phase detec- 
tor is applied to a Doppler filter. This 
discriminates against all video signals 
of fixed polarity, but passes all video 
signals that represent moving targets. 
The Doppler filter is a complicated 
device. Something like a bandpass filter, 
that is extremely sensitive to signals 
of fixed polarity. 

After suitable amplification, the video 
output of the Doppler filter can be 
utilized or displayed in several ways. 

The video signals can be used to 
modulate an audio amplifier which pro- 
duces an audible tone whenever the 
PD radar detects a moving object or 
target. A headphone enables an oper- 

., ator to zero in on such targets, and 
thus provides data for manual plot- 
ting of range and azimuth. The fre- 
quency of the audio tone is about 30 
cycles per second for each mile- per -hour 
motion of a target. The faster the 
movement, the higher the pitch of the 
audio tone. 

The same video signals can be used 
to activate low -frequency voltmeters or 
other similar indicating devices. Or 
they can be fed to a frequency- indicat- 
ing meter or graph calibrated in miles 
per hour (commonly used to detect 
speeding automobiles). 

Some types of PD radar use a PPI 

JULY, 1960 

XMITTER 

ELECTE : NICS 

RECEIVER 

LOCAL 
OSCILLATOR 

COHERENT 
OSCILLATOR 

AMPLIFIER 

scope with a special intensifying circuit. 
Amplified video signals from the 
Doppler filter control a threshold 
detector. This, in turn, modulates or 
controls a low -voltage oscillator that 
intensifies a portion of the PPI scope 
in accordance with the video signal. 
Range and azimuth of each moving 
target are determined in the conven- 
tional manner foi' PPI scolies. But in 
this application, there are no inter- 
fering fixed echoes or ground clutter 
from fixed targets visible on the radar 
scope. Only echoes from moving targets 

DUPLEXER 

IF 
AMPLIFIERS 

PHASE 
DETECTOR 

Basie block dia- 
gram of a t JIse- 

Doppler rat- _ r. 

are visible on the scope face. 
Other kinds of scopes may be used 

similarl }, but require specia- locally 
controlled intensifying circuit =. 

Memory systems 
Echo signals exhibiting Doppler -shift 

frequencies can be measured rapidly 
only with some type of inentor. system 
that accurately "remembers" thr broad- 
cast frequency of the transm -:ter and 
compares it quickly with the f -- oquency 
of the echo signals. 

The memory system just ?scribed 

PPI scope (left) of long -range surveillance PM radar displays only 
approximate data on moving targets. 
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ELECTRONICS 

is used for most ground -based PD 
radar where there is no appreciable 
change in frequency between successive 
signals. For this reason, it is called a 
coherent or "locked" system. 

In the noneoherent system, a portion 
of the transmitted pulse power is stored 
electronically for comparison with echo 
signals. This comparison utilizes an 
echo signal reflected by a fairly large 
stationary target. Such an echo signal, 
which is not changing in frequency, is 
fed into a time -delay circuit prior to 
comparison with echo signals from 
moving objects and targets. 

One example of a noncoherent PD 
radar is an airborne "side- looking" 
radar that scans downward, alternately, 
from each side of low -flying aircraft. 
Echo signals from stationary objects 
provide the reference required for fre- 
quency comparison. The radar provides 
a continuous picture map of the ground, 
about 30 miles in width, as the plane 

US Army 
Antenna system for med. -range mili- 
tary surveillance radar. Radiating ele- 
ment rotates beneath plastie housing. 
flies along. For low -speed low- altitude 
aircraft, this provides an intimate view 
of all moving objects on the earth 
below it. 

For comparable target reporting, PD 
radar, utilizing either type of memory 
system, is generally more effective than 
the PM oi FM types. 

The performance of PD radar is 
evaluated according to two parameters. 
One is the minimum strength of echo 
signal from a moving target that can 
be detected in the absence of any fixed 
objects. The second factor -called sub - 
clutter visibility -is the ratio of the 
maximum strength of echo signal from 
a fixed target to the minimum strength 
of echo signal obtained from a moving 
target. END 
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AUTOMATIC 

RECYCLING 

TIMER 
By L. E. FANNON 

SEVERAL articles have appeared 
describing transistor timers but 
all require discharging the charg- 
ing capacitor with a manual reset 

switch to allow the timer to recycle. 
This tinier was designed for automatic 
recycling through a relay network oper- 
ation. 

Using one transistor, it has a variety 
of applications in photography, port- 
able industrial controls and airborne 
equipment. 

Ruggedness, compactness and zero 
warmup time are the distinct advan- 
tages of this timer over vacuum tube 
units. While cold -cathode timers re- 
quiring no warmup time are common, 
they require a line -voltage source 
which is objectionable in portable and 
airborne equipment applications. 

The timer's power requirements are 
met by a common 24 -volt supply, 
making it especially adaptable to re- 
mote airborne switching operations. It 
can be miniaturized sufficiently for 
model control applications. 

Circuit description 
In the circuit (see diagram) when 

switch S is closed, capacitor C charges 
through R1 and R2 with R2 determin- 
ing the desired time constant. Upon 
completion of the chargeup of C, cur- 
rent flows through Rl, R2, R3 and the 
base -emitter paths, establishing the 
base bias. This results in a flow of col- 
lector current, closing the contacts of 
RY1 and connecting the supply voltage 
to the coil of RY2. This in turn momen- 
tarily connects the supply voltage to 
the controlled circuit. When the con- 
tacts of RY2 close, C is shorted and 
discharged, ending one cycle and start- 
ing another. 

With values of Rl, R2 and C as 
shown, time cycles ranging from 7 per 
second to 1 every 30 seconds are pos- 
sible. The relay closure interval is not 
necessarily the R -C time constant of 
R2 and C, so actual measurement of 
the time is necessary. Resistor R3 holds 
base current to a minimum, aiding 
stability. 

Total battery drain during the oper- 
ation of both relays is 2.5 ma. Of course 
this will vary somewhat, depending on 
the sensitivity settings of the relays 
and the cycling time. 

Because the coil of RY1 is in the 
transistor's output, the choice of col- 
lector voltage is influenced by that re- 
quired for the relay's operation. Here 
the supply is 22.5 volts. 

A portable timer that needs no 
manual reset 

RI -100 ohms, 1/2 watt 
R2 -pot, 250,000 ohms 
R3- 100,000 ohms, V2 watt 
C -100 5f, SO volts, 

electrolytic 
RYI, 2 -spst, 10,000 ohms 
S -spst toggle 
V -2 N 34 

Circuit of the 

Battery -22.5 volts 
(Burgess XXI5 or 
equivalent) 

Chassis -approximately 
2 x 4 x 5 inches 

Terminal Strip -2 con- 
tacts 

transistor timer. 

Two 10,000 -ohm spdt relays are used 
in this circut. However, one dpdt relay 
could be used instead, with the second 
set of contacts serving the same pur- 
pose as RY2. This choice depends on the 
relay contact rating needed for carry- 
ing the controlled circuit current. 

The photo shows the relays and con- 
trols mounted on the chassis. The only 
controls required are the switch and 
time control. In this unit the time con- 
trol is a 250,000 -ohm potentiometer. 
If fixed, preset time intervals are re- 
quired, a decade type switch with fixed 
resistors can be used to establish these 
settings in step series. 

TI LLED CtRCuiT 

The portable recycling timer. 

Although no effort was made to mini- 
aturize this unit, it would be possible 
to decrease the size of the timer greatly 
by using a printed circuit and printed - 
circuit type components. Cost -wise, this 
is not practical unless space is at a 
premium. END 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


TROUBLESHOOTING 
Faster and easier servicing 

SÇIEEP with a low- priced instrument 
that substitutes vertical and 
horizontal oscillators. 

By VAL SYKES* 

H0RIZONTAL sweep- circuit 
troubleshooting is still the 
"tough dog" of TV servicing. 
With no raster visible, the non- 

technical user of a TV set will usually 
suspect the picture tube. However, a 
professional television technician can 
rapidly trace the trouble to the 
horizontal sweep circuits (if the 
trouble is there). 

Most technicians attack horizontal 
troubles this way: First check the fuse 
and, if it is blown, replace it. (It is a 
good idea to replace the damper tube 
also). If the trouble is not in the 
damper circuit, the horizontal oscil- 
lator, discharge (if used), output and 
high- and low- voltage rectifier tubes are 
substituted. If no raster can be obtained 
by tube substitution, the trouble gen- 
erally lies beneath the chassis. 

At this point, the trouble must be 
tracked down to the defective stage be- 
fore repairs can be made. Since any 
of the stages mentioned will prevent 
the appearance of a raster, it may 
not always be possible to pinpoint the 
trouble quickly. The Sencore Sweep 
Circuit Trouble Shooter was designed 
with such problems in mind. 

The Trouble Shooter contains a stable 
15,750 -cycle sine -wave oscillator which 
uses half of a 12AU7 -A dual triode. The 
oscillator stage is isolated from the TV 
set by the second half of the 12AU7 -A, 
which reduces oscillator loading. A 
neon lamp on the front panel indicates 
that the oscillator in the Trouble 
Shooter is functioning correctly. The 
oscillator frequency depends on the L -C 
combination of T2 and C2 and stray 
capacitance (Fig. 1). Feedback to 
sustain oscillation is between the pri- 
mary and secondary of the slug -tuned 
transformer, T2. 

A sawtooth output signal (with a 
very rapid retrace period) whose am- 
plitude is determined by R7 (the 50; 
000 -ohm output control) is capacitively 
coupled to the output jack. A com- 
paratively low- resistance control was 
selected to reduce variations in output 
signal amplitude due to the varying 
loads to which this unit is subjected. 
The output lead is safe to handle since 
it is isolated from B -plus by a .05 -pf 
capacitor (C6). 

Oscillator substitution 
To check the horizontal oscillator in 

Sencore design engineer. 

JULY, 1960 

a TV set, apply the 15,750- cycle signal 
from the Trouble Shooter to the 
horizontal- output tube control grid 
(Fig. 2) and a raster will appear (if 
the set's oscillator is at fault). Work- 
ing progressively backward toward the 
horizontal oscillator stage in the TV 
set will pinpoint the defective com- 
ponent. The Sweep Circuit Trouble 
Shooter should always be grounded to 
the TV chassis being checked. If the 
receiver's horizontal oscillator is nor- 
mal and the trouble lies elsewhere, use 
of the substitute oscillator will pro- 
duce no harmful effects. 

Cathode -current check 
The reason for measuring the 

cathode current of the horizontal out- 
put stage is to see if it is operating 
within its limits. An octal adapter 
socket (with test pins) is provided to 
make this test quick, simple and con- 
venient. The test pins on the sides of 
the socket may be used for voltage 
measurements or for applying the 
oscillator output signal to the output 
tube's grid, The adapter automatically 
breaks the cathode circuit of the out- 
put tube. A three- position cathode se- 
lector switch, S1 (Fig. 1) , selects the 
correct cathode pin for any horizontal 
tube used '_n present TV receivers. Se- 
lecting the wrong switch position will 

TEST INSTRM ENTS 

not harm the Trouble Shooter or the 
TV set. The meter selector sw ch, S2, 
places a 0 -3 -ma meter (shun' d by a 
10 -ohm resistor and .02 -pf b} iss ca- 
pacitor) in series with the ca iode of 
the horizontal output tube, AO n it is 
in the cathode current position 

If the cathode current is hig 2r than 
the average current for the pi .ticular 
tube (as indicated on the roll chart), 
a shorted coupling capacitor, grid re- 
sistor, horizontal output transfc rmer or 
yoke may be the trouble. Lower than 
normal current is usually ca dsed by 
bad screen components, an open output 
transformer or yoke. With t hori- 
zontal oscillator in the Trouble Shooter 
connected to the TV set and the cathode 
current reading high, trouble is defi- 
nitely in the output section of :he hori- 
zontal amplifier (if the coupling capaci- 
tor and grid resistors are good ) . 

The cathode -current check can be 
used to make the proper ad,; ustment 
on the horizontal linearity cc il. With 
the Trouble Shooter set for cathode - 
current check, vary the setting of the 
linearity coil to the point where the 
cathode current dips. Linearit; is best 
near the lowest cathode -curre at point. 

Yoke substitution 
If the trouble has not yet _teen iso- 

lated, the yoke should be checked with 

Sencore SS105 Sweep -Circuit Trouble Shooter. 
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TEST INSTRUMENTS 

the deflection -yoke substitution coil 
(T3), a special slug -tuned coil designed 
to withstand high pulse voltages. The 
yoke substitution coil is connected in 
place of the suspected yoke through a 
thick lead (Fig. 3). This lead is con- 
nected to the top terminal of the tester. 
The bottom terminal of the tester must 
be connected to the TV chassis. 

The inductance of the yoke substitu- 
tion coil is adjustable between 6 and 
40 millihenries with the slide knob on 
the front panel. This inductance range 
was selected because it covers prac- 

I- OCTAL ADAPTER SOCKET 
PLUG SOCK 

S I , 

sistors totaling 330,000 ohms provide 
safe operation and indicate voltage cor- 
rectly on the center scale of the meter. 
For this check, the meter is connected 
-by the meter- selector switch -through 
the multiplier resistors to the do volts 
jack. Sweep- circuit voltages which 
should be measured and their approxi- 
mate values are shown on the roll 
chart and in Fig. 4. B -plus at the 
damper stage should read within 10!t 
of that at the low -voltage rectifier. 
Bootstrap voltage should be in excess of 
100 volts over B -plus. If bootstrap volt- 
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Fig. 1- Schematic of Trouble Shooter. 

tically all yokes in use. This approach 
to deflection -yoke troubleshooting is 
simple but effective. If a yoke is defec- 
tive, the substitute yoke will produce 
a bright vertical line on the CRT and 
restore high voltage. The substitution - 
yoke inductance should be varied to 
obtain the above result. A vertical line 
is produced since only vertical deflec- 
tion is applied to the TV yoke when 
making this check. The horizontal de- 
flection component is applied to the 
substitute yoke coil, thereby producing 
no horizontal deflection on the TV 
screen. If a deflection yoke has a high - 
voltage short (under full load) be- 
tween the vertical and horizontal coils 
of the yoke, the Trouble Shooter will 
isolate the coils and produce the verti- 
cal line, showing up the defective yoke. 

Voltage measurements 

The sweep -circuit Trouble Shooter 
contains a voltmeter circuit intended 
for sweep- circuit voltage measure- 
ments. B -plus, screen -grid, boot -strap 
(B -plus boost) and cathode voltages 
can be measured with reasonable ac- 
curacy. Two heavy -duty multiplier re- 
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J 

O 

- JGND 

age is normal but no arc can be drawn 
at the plate of the high -voltage recti- 
fier, the high -voltage winding of the 
flyback transformer is probably open. 
If bootstrap voltage is low, check for 
excessive current drain. Disconnect the 

HORIZ 
LOCK 

?b 1 165V 

6 

5 HORIZ 

_i_ 

HORIZ OSC 

205V 820 

.0039 
2 

SYNC .08V 

3 8 

9V 
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680µµf 

9.5V 
.0047 town 

47K T15K S82K IMEG 

670 v 
HORIZ 

_t-_ 

ADJUST 
OUTPUT LEVEL 

OUTPUT 

TO TRANS 

B+ 

SET TO SWEEP DESIRED 

FROM 

osw 

Fig. 2- Method of connecting tester to 
grid of output stage. 

circuits fed by the bootstrap voltage 
temporarily and see if it returns to 
normal. This should be done before 
making the flyback check explained 
below. Nominal screen grid voltages 
are indicated on the roll chart for all 
horizontal amplifier tubes in use today. 
If screen voltage is too high, screen 
current may also be high, and the value 
of the screen resistor should be checked 
to prevent damage to the horizontal - 
output tube. 

Flyback check 
If the above substitutions and tests 

still have not isolated the trouble, a 
horizontal transformer output check 
should then be made with the Trouble 
Shooter. The meter -selector switch is 
set at the FLYBACK CHECK position and 
the substitute deflection yoke coil con- 
nected for this check (Fig. 5). 

ADJUST FOR INDUCTANCE MATCH 

YOKE 
SUB 

CHASSIS GND 

TO FLYBACK 

X 

YOKE RETURN 

HORIZ 
YOKE 

Fig. 3 -Hot lead(s) to yoke are dis- 
connected and the signal applied to the 

substitute yoke. 

5 
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Fig. 4- Typical horizontal output stage showing Voltages to be measured. 
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READ METER ADJUST FOR PEAK 

FLYBACK 
TRANS 

SET IN FLYBACK 
CHECK POSITION 

CHASSIS DUD 

B+ 
Fig. 5- Substitute yoke is connected 
and its inductance adjusted for maxi- 

mum meter reading. 

A small takeoff coil adjacent to the 
high -voltage yoke substitute coil picks 
up some of the energy from the larger 
coil, feeds it through a half -wave rec- 
tifier and then applies it to the meter. 
The amount of power fed to the yoke 
substitution coil from the horizontal 
transformer will be indicated on the 
flyback -check scale of the meter. Since 
the amount of power required to drive 
the yoke is dependent on the deflection 
angle being swept, the meter is cali- 
brated in degrees of deflection. 

It should indicate the deflection angle 
(or higher) of the set being checked 

HORIZ 
YOKE 

YOKE 
RETURN 

if the flyback is good. The yoke substi- 
tution coil is adjusted for a peak read- 
ing on the meter (if no peak can be 
obtained, the flyback probably has one 
or more shorted turns). If no reading 
can be obtained and the screen voltage, 
boost circuits and yoke are good, the 
flyback is bad. 

Vertical substitution 
An additional feature of this checker 

is a substitute vertical oscillator cir- 
cuit. It is used in the TV set when 
only a this horizontal line is seen on 
the CRT face or if sufficient height 
cannot be obtained. A thin horizontal 
line or insufficient height indicates 
trouble in the vertical oscillator or 
vertical output stage. The Trouble 
Shooter will isolate the trouble to the 
particular stage or component at fault. 

The substitute vertical oscillator is 
connected to the vertical output tube 
grid in the same manner as the hori- 
zontal oscillator. The selector switch 
(S4) must be in the VERT position and 
the same output control is used. Height 
wil lbe restored if the vertical oscillator 
in the TV set is inoperative. If there 
is no improvement, the trouble is in the 
output transformer, yoke or vertical 
output tube. 

Remove the vertical output tube (or 
disconnect the plate lead) . Connect the 

AUDIO 
COMPARATOR 

By J. E. PUGH, JR. 

THIS simple, inexpensive instrument 
can be used to make rapid compari- 

son tests on hi -fi tuners, phonographs, 
microphones, amplifiers, ac and do volt- 
age levels, the phasing of multi- speaker 
installations, or nearly any other use 
where it is desirable to compare levels 
or quality. It is useful in hi -fi sales 
and service and public address work. 
In addition, it can be used for switch- 
ing between two or more turntables at 
dances or get -togethers. 

A dpdt shorting type switch (Cen- 
tralab 1462 or equivalent) is used in 
this model for comparing any two simi- 
lar components. This will take care of 
most applicationss but, if you want to 

The completed unit, ready to use. 

JULY, 1960 

Inside view of Comparator shows simple 
construction. 

z 
4 

PN JACKS 
DPOT SHORTING SW 
(CRL 1462) 

- GND TO CASE 

Circuit of the Audio Comparator. 

compare a larger number of units, use 
a two -pole switch with more positions 
and a correspondingly greater number 
of connectors. 

Phono pin jacks are used on the low - 
level section to minimize hum and noise 
pickup. This section of the comparator 

TEST INSTRU MENTS 

output of the SS105 to the plate con- 
nection of the tube socket. If a picture 
approximately 2 inches high i ; visible 
on the screen (with oscillator output 
set at maximum), the output tube is 
bad. If there is still n.; height, apply 
the Trouble Shooter signal to the yoke. 
The appearance of a 1 /z- inch -t igh pic- 
ture shows the output transformer to 
be bad. No height indicates the yoke is 
defective. 

The vertical oscillator circut in the 
Trouble Shooter consists of the two 
sections of the 12AU7 -A tube connected 
as an amplifier and clipper ( Fig. 1) . 

Therefore, in a sense, it is not an oscil- 
lator at all, but two amplifier -clipper 
and shaping stages making use of the 
60 -cycle line frequency for the required 
vertical signal. Because the output sig- 
nal is locked to the line frequency, 
there will be no rolling (nor clipping) 
on the TV screen. 

A novel feature of this unit is the 
roll chart indicating voltages, currents 
and pin numbering of all horizontal 
output stages used in present -day TV 
receivers. It will not become obsolete 
since any new tubes can be added to 
the chart. 

The cathode -current check can also 
be used in balancing output ,tages in 
hi -fi amplifiers, a must for good per- 
formance of this equipment. END 

is used where the signal level is low, 
such as at the input of an :.mplifier. 
The high -level section uses 5 -:'oot lamp 
cords terminated in Mueller type 45 
clips. It is used for tests on amplifier 
output and speaker systems. 

The parts are mounted in a2 1/4 x 2111 

x 5 -inch aluminum box. Accessories in- 
clude two 3 -foot mike cables terminated 
with phono pin plugs and tR o 25 -foot 
lamp -cord clip leads. 

To compare high -impedance, low - 
level components such as microphones, 
phonographs or tuners connect one unit 
to jack A, the other to jack it and the 
indicator to the common jac;. Ampli- 
fiers are compared by connecting the 
input and output of each amplifier to 
the corresponding A and B channels. 
Apply the input signal to th ' common 
jack and the speaker to the common 
clip lead. Compare speaker quality by 
connecting one unit to clip h.ad A, the 
other to clip lead B, and the amplifier 
output to the common clip lead. 

Check speaker phasing by connecting 
the A and B clip leads to t :eir voice 
coils and a type -C or -D fias slight cell 
with a 5.6 -ohm resistor in series to 
Common. Switch between sl: eakers to 
see that their cones move in the same 
direction for correct phasin r. If this 
test is to be made often, such as when 
making PA installations, install the 
battery and resistor in the be x and use 
a spst toggle switch to conr ect it be- 
tween ground and the high -level switch 
arm when needed. END 
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TEST INSTRUMENTS 

Test 
Adapters 

By ROBERT F. SCOTT 
TECHNICAL EDITOR 

A series of adapters, using a 
multimeter as their indicating 
device, saves space and money 

NOT so many years ago a service 
technician could tackle any 
radio or audio repair job with 
a tube checker and multimeter. 

The multimeter alone was enough to 
see him through a service call to a local 
factory or theater. Now, with TV, hi -fi 
audio, intercoms, transistorized equip- 
ment and electronic industrial controls 
-much of which must be serviced on 
the spot -a technician in the field may 
need a vtvm, battery and transistor 
testers and an ac ammeter. For audio 
servicing he may need a calibrated 
attenuator (microvolter) to obtain ex- 
tremely low outputs from his of gen- 
erator and an audio wattmeter for 
checking amplifiers and allied equip- 
ment. 

Adding these to the normal shop 
complement of service equipment is a 
financial drain on many technicians. 
And the bulk puts a premium on space 
in the service truck. 

One way to lick the space problem 
and reduce the financial outlay has 
been presented by Simpson with a new 
line of seven Add -A- Tester adapters 
for the famous 260 multimeters and the 
recently introduced model 270. The Add - 
A- Testers include an audio wattmeter, 
do vtvm, audio microvolt attenuator, 
ac ammeter, and also temperature, bat- 
tery and transistor testers. Each 
adapter measures 5 -5/16 x 4 -% x 3 -7/16 
inches, and plugs into the bottom of 
the 260 or 270 vom as shown in the 
photograph. Adapter weight ranges 
from 12 ounces for the transistor tester 
to 2 pounds for the vtvm and ac am- 
meter. 

The model 260 is a popular multi- 
meter that has been made in three ver- 
sions. The series I cannot be used with 
the Add -A- Testers. It is identified by 
its flat, square -cornered panel. The 
Series II has a raised panel with round- 
ed corners, uses pin jacks and has a 
100 -ga dc range. The series III looks 
a lot like the series II and is distin- 
guished by its 50 -µa do range and 
banana jacks. 

Inexpensive adapter case kits are 
available for using the series II and 
III 260's and the 270's produced prior 
to June 1, 1959. Adapter case kit model 
401 is optional. It consists of a modified 
instrument case that permits latching 
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the Add -A- Testers securely to the 
underside of the multitester. The 402 
case kit for the series II 260's consists 
of a modified case and parts necessary 
for adding a 50 -µa dc range. This kit 
is necessary when using the series II 
instruments with the vtvm and tem- 
perature, transistor and battery testers 
requiring the basic 50 -µa movement. 

The Add -A- Tester adapters have four 
banana plugs arranged along the top 
rear so they mate with jacks on the 
260/270 multimeter. Four extra pin type 
plugs are supplied with each adapter 
so they can be used with series II 260's. 
All adapters have a switch (or special Model 260 multimeter and 650 transis - 
position on the function or range 
switch) that permits the multimeter to 
be used for its normal functions with- 
out detaching the adapter. 

Model 650 transistor tester 
The 650 Add -A- Tester provides beta 

and I. measurements on general - 
purpose low- and medium -power ger- 
manium transistors. Power transistors 
and silicon junction types are checked 
by interpolation. Beta ranges are 0 to 
10, 50 and 250 and the I., range is 0 
to 100 µa. 

The circuit of the 650 transistor 
tester (Fig. 1) is essentially a bridge 
that balances when collector current 
is 1 ma. The BAT ADJ control sets the 
voltage applied to the bridge for opti- 
mum accuracy. In the initial setup, it 
is set so the meter reads 25 on the 50- 
volt dc range. The ZERO ADJ control 
varies the base to provide 1 -ma collector 
current and balance the bridge. 

The basic bridge circuit for measur- 
ing beta is shown in Fig. 2. When the 
BETA switch is in the 250, 50 or 10 
positions, predetermined values of re- 
sistance are switched into the base cir- 
cuit, thus changing the base current 
and unbalancing the bridge. Beta is 
read directly from the scale corre- 
sponding to the setting of the BETA 

switch. 
The transistor tester uses the 50 -µa 

movement of the 260 /270. In use, the 
transistor is plugged in and the FUNC- 
TION switch is thrown to NPN or PNP, 
depending on the transistor being 
tested. The BETA switch is set at BAT 

and the BAT ADJ control is set so the 
meter reads half -scale on the 50 -volt Model 

; fiwcal AMIIN 

r.A.ais*ea 'WA' nan. , . 

tor- tester adapter. 

Mortel 651 de vtvm adapter. 

ADAPTOR 1.'RpiN 
weaná5Tfl£04. o 

.'f 

' 3 

652 temperature- tester adapter. 
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Ac ammeter adapter model 653. 
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Fig. 1- Circuit of transistor -tester adapter, model 650. All adapters 'using 
50 -ga meter range have plug on short lead to connect to 50 -µa jack on meter. 

dc scale of the meter. The BETA switch 
is then set to ZERO and the ZERO ADJ 
control R5 is varied until the meter 
reads zero indicating bridge balance. 

(The ZERO ADJ control is a combina- 
tion flot, R5, and push -pull switch, S4. 

Audio -wattmeter adapter model 654. When pushed in, R14 is shorted out. 
The initial setup is made with the con- 
trol pushed in. If the meter does not 
zero, the control is pulled out and the 
operation repeated.) If the meter still 
does not zero, the transistor is defective 
or has high leakage and must be checked 
as a power transistor. 

When the BETA switch is advanced 
to L, the emitter circuit is opened 
and the meter reads collector current. 
Read the 0-10 scale on the meter and 
multiply by 10 for leakage in µa. Full 
scale is 100 pa. Compare this reading 
to the transistor data sheet. It should 
be equal to or less than the manu- 
facturer's data. 

Throwing the BETA switch to 250, 50 
or 10 causes the meter to indicate beta 
directly on the corresponding scale of 
the 260/270. 

Silicon transistors are checked like 
germanium types but the beta reading 
obtained must be multiplied by 1.16 for 
accurate evaluation. 

Power transistors have high values 
of I,- , so it is not always possible to 
zero the meter with the ZERO ADJ con- 
trol. In this case, the control is set for 
the lowest reading. The BETA switch is 
then thrown to 250 and the first reading 
is subtracted from the second. The dif- 
ference is the beta of the transistor. 
When I,. is more than 100 pa, it is 
measured by switching the 260/270 to 
the 0 -1 or 0 -10 -ma range and reading 
L - on the corresponding scale. 

Model 651 dc vtvm 
This Add -A- Tester converts the 260/ 

=*PSON 1:270) AOAPT4A T' 
m*ROYOLT 

t!ER:,psubt T» NUATOR 
K 

FUII SW.0 WTPUT 
t 

MS 

Model 655 microvolt -attenuator adapter. 

Modelé 656 battery- tester adapter. 

JULY, 1 960 

270 multimeter into a completely port- 
able dc vtvm that meets the deeds of 
the modern radio and electronic= service 
technician. Its sensitivity (0.5 volt full 
scale on the lowest range) makes it 
especially useful in checking transistor 
circuitry and agc measuremi nts. Its 
10 full -scale ranges are 0 -0.5, --1, -2.5, 
-5, -10, -25, -50, -100, -250 and 0 -500 
volts dc with an input resistar ce of 11 
megohms. A FUNCTION switch turns the 
instrument on and off and selects 
polarity of the dc probe. 

The vtvm uses a bridge type circuit 
with a triode -connected lAG4 .,ibminia- 
ture pentode. The self -contained power 
supply consists of two Evert ady 413 
30 -volt B- batteries and two Mallory 
ZM -9 1.34 -volt mercury cells it parallel 
for the filament supply. 

The complete circuit of the 651 is 
shown in Fig. 3, a bridge- circuit anal- 
ogy in Fig. 4. The battery voltages are 
equal in adjacent arms of tle bridge 
so it is balanced and the meter reads 
zero when the filament -plate resistance 
of the tube equals the value r f R17. 

Voltages to be measured ar applied 
to the grid of the tube. This unbalances 
the bridge and the value of the applied 
voltage is read directly on t ie meter 
scale specified for the settin c of the 
651's range selector switch. When using 
the 651 with the 260 multi=eter, the 
accuracy is -!-3 %o full scale and +5% 
of the reading. With the 2 "0 multi - 
meter, the accuracies are 2% and 4% 
respectively. 

The FUNCTION selecter should be set 
for the polarity of the voltage being 
measured. It is connected so th positive 
"side" of the voltage being neasured 
is connected to the grid of the :ube. The 
ZERO ADJ control should be set on each 
voltage range,. It is adjustel so the 
meter pointer is exactly over the zero 
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TEST INSTRUMENTS 

line with the dc probe connected to the 
ground terminal. 

Model 652 temperature tester 

This is a self -powered instrument for 
measuring temperatures from -50° to 
-250 °F in two ranges. The low range 
goes up to 100 °, the high from 100° to 
250 °F. Accuracy ranges from ±2° to 
=4 °, depending on the temperatures 
covered. The model 652 handles up to 
three temperature probes and comes 
with one probe with a 15 -foot lead. 
Other probes are available with 30 -, 
50 -, 100- and 150 -foot leads. 

The temperature tester is a battery - 
powered bridge with a thermistor probe 
in one arm. The probe is placed in the 
location where temperature is to be 
measured. The circuit is shown in Fig. 
5. The bridge uses the 50-sa movement 
of the 260/270 with readings taken on 
the 50 -volt dc scale. A slide rule across 
the top of the 652 converts the meter 
readings to temperature. 

The FUNCTION switch is marked OFF, 
ADJ, Lo and HI. It turns the instrument 
on and off, sets up the bridge for bal- 
ancing and selects the temperature 
range. In the ADJ position, the battery 
is connected across the bridge with the 
probe disconnected. The METER ADJ 
control (R3) is set so the meter reads 
25. This is half -scale when set on the 
50 -volt range. 

When measuring temperature, the 
thermistor probe is substituted for R9 
and calibrate pot R11. Bridge sensitiv- 
ity is changed for the two ranges by 
varying the resistances of the three 
arms. On the Lo range, Rl is shorted 
out for measurements up to 100 °. R2 
and R12 are short- circuited for meas- 
uring temperatures ranging between 
100° and 250° on the HI range. 

The meter pointer deflects off scale 
on the right if the temperature is be- 
low -50°F and off scale on the left if 
it is above 100 °F on the LO range. If 
the pointer deflects off scale to the left 
on the HI range, the temperature is 
above 250° and the probe must be re- 
moved from the high -temperature area 
to prevent damaging it. 

Ac ammeter model 653 

This instrument measures alternat- 
ing currents in ranges of 0 -0.25, -1, 
-2.5, -12.5 and 0 -25 amps with fre- 
quency response essentially flat from 
50 to 3,000 cycles to cover power -fre- 
quency requirements of military and 
commercial supplies. Insulation is for 
600 volts rms maximum. 

The ac ammeter (Fig. 6) is a current 
transformer with a tapped primary and 
a secondary loaded by a precision re- 
sistor. The primary is inserted in series 
with the circuit being metered. Current 
in the primary induces a proportional 
current in the secondary and the 4 -ohm 
load resistor. The current in the pri- 
mary circuit is obtained by taking a 
reading on the 2.5 -volt ac scale of the 
260/270 and multiplying it by the fac- 
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Fig. 2- Equivalent circuit 
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Fig. 3- Schematic of 
model 651 dc vtvm. 
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Model 654 audio wattmeter 
The wattmeter is designed for use in 

installing and servicing audio equip- 
ment. It provides noninductive 4 -, 8 -, 
16- and 600 -ohm loads for circuits be- 
ing metered. Frequency response is 
flat from dc to 20 kc. Maximum watt- 
ages (with ambient temperature of 
77°F) are 50 watts continuous and 100 
watts for 21/2 minutes with 4- and 16- 
ohm loads and 25 watts continuous and 
50 watts for 21/2 minutes with 8- or 
600 -ohm loads. 

PROBE L 
RI IMEG 

DCV 

C 

C 

R2 5MEG 

GND 

OFF 
r 

GND 

The circuit diagram of the 654 audio 
wattmeter is in Fig. 7. The "+" and 
" -" INPUT terminals on the 654 are 
connected directly to the corresponding 
terminals on the 260/270 multimeter. 
When the five- position LOAD SELECTOR 
is in the 260 DIRECT position, the test 
leads are connected to the multimeter 
so it can be used for any of its normal 
functions without detaching the adapt- 
er. In the other four positions of the 
LOAD SELECTOR, one or more of the in- 
ternal load resistors are bridged across 
the INPUT terminals and the 260/270. 

When the 654 is being used, the nor- 
mal equipment load- speakers, phones, 

v 
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Fig. 4- Bridge circuit of 651 de vtvnl. 
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Fig. 5 -Model 652 
temperature tester. 

lines, etc. -is removed from the output 
of the circuit or equipment being me- 
tered. The LOAD SELECTOR is set to the 
impedance matching the nominal cir- 
cuit load. An audio voltage is fed into 
the unit being tested and the wattmeter 
measures the voltage across its load 
resistors on one of its ac voltage ranges. 
An attached slide rule converts the volt- 
age reading to watts. 

655 microvolt attenuator 
This instrument provides calibrated 

low -level outputs ranging from 25 µv 
to 250 my from a 2.5 -volt ac or de 
source. Its frequency response, essen- 
tially flat from 0 to 20 kc, makes it an 
excellent source of precise low voltages. 
It consists of an input level control - 
METER ADJ -and a five- position 600 - 
ohm ladder attenuator. Each section of 
the ladder reduces the signal 20 db or 
to one -tenth of its input level. The 
input impedance is 2,000 ohms. An in- 
ternal 600 -ohm load resistor can be 
switched in or out, depending on the 
resistance or impedance of the external 
load circuit. 

The input voltage is applied across 
the 2,000 -ohm METER ADJ control and 
the 260/270 multimeter measures the 
voltage applied to the ladder atten- 
uator (Fig. 8). When the ladder's input 
is exactly 2.5 volts, the microvolter's 
output is 25 µv, 250 µv, 2.5 mv, 25 my 
or 250 mv, depending on the range se- 
lector switch- marked FULL -SCALE OUT- 
PUT. When the input to the microvolter 
is greater than 2.5 volts -maximum in- 
put is 33 volts -the output is equal to 
the meter reading multiplied by the 
attenuation factor corresponding to the 
range setting. 

The 600 -ohm internal load resistor 
is used when the microvolter's output 
is connected to a circuit with an input 
impedance of 60,000 ohms or higher. 
When the impedance is less than 60,000 
ohms but greater than 600 ohms, the 
600S2 LOAD switch is thrown to OUT. An 
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CAPACITOR 
TEST BOX 

FINDS INTERMITTENTS 
By JAMES A. FRED 

IT'S hard to locate an intermittent 
electrolytic with in- circuit tests. If 

you try shunting the suspected unit 
with a good electrolytic, the charging 
current may temporarily heal the bad 
one. Then when you remove the test 
capacitor the set appears to work nor- 
mally and you still don't know what's 
wrong. 

After running into this problem a 
couple of times, I decided to build an 
electrolytic test box that would pick up 
bad capacitors without healing them. 
The unit I devised is shown in the 
diagram and photos. 

CAPACITOR TEST BOX 

TEST ç fl-CAP, 

CHARGE LO"-CAP. 

TEST INSTRUMENTS 

external resistor is shunted across the 
circuit so the load on the microvolter 
appears as 600 ohms. The value of the 
external shunt resistor Rx equals 600 
X R /600 -R, where R is the input re- 
sistance (or impedance) of the circuit 
being supplied. 

When the input resistance (or im- 
pedance) of the external circuit is less 
than 600 ohms, the 655's internal load 
resistor is switched out and a resistance 
sufficient to bring the load impedance 
up to 600 ohms is inserted in series with 
one of the output leads. Voltage across 
the external circuit's input is propor- 
tional to the 655's output or R 
600, where R is the resistance of the 
load and E. is the output voltage of the 
microvolt attenuator. 

Battery tester model 656 
This instrument tests, under suitable 

load, the batteries most commonly used 
in radio, hearing -aid and industrial 
service. The adapter has 12 voltage 
ranges. One for small 1.5 -volt hearing - 
aid batteries and 1.5 -, 4.5 -, 6 -, 7.5 -, 9 -, 
15 -, 22.5 -, 30 -, 45 -, 67.5- and 90 -volt 
ranges for A- and B- batteries. 

The 656 (Fig. 9) has a slide switch 
which, when in the LOAD IN position, 
shunts the battery under test with the 
manufacturers' recommended load. In 
the LOAD OUT position, the shunt is dis- 
connected and the battery can be tested 
under normal in- circuit operating con- 
ditions. The metering circuit draws a 
maximum of 1 ma. 

The 656 uses the 50 -µa movement of 
the 260/270. The multitester is set up 
for measurements on the 50 -volt dc 
range and readings are made on that 
scale. A slide rule with three basic 
scales is mounted across the top of the 
adapter's case. The top is calibrated 
0 to 50, the middle is marked BAD -WEAK- 
GOOD (for radio and hearing -aid bat- 
teries and all B- batteries). The bottom 
scale is calibrated from 0 to 110 % (of 
the selector voltage range). 

In testing a battery, the adapter's 
range -selector switch is set to the bat- 
tery's terminal voltage and the meter 
is read on the 50 -volt dc scale. The hair- 
line on the slide rule is placed over the 
meter reading on the top scale and the 
battery condition and percent of rated 
voltage are read on the middle and bot- 
tom scales of the rule. Actual battery 
voltage is found by multiplying the 
range- selector setting by the indicated 
percentage. END 

AMATEUR CONVENTION 
The Hudson Amateur Radio Council 

is holding its first annual convention at 
the Statier- Hilton Hotel in New York 
City. It will open at 10 am Saturday, 
Oct. 15 and close at 7 pm with a ban- 
quet. There will be technical talks, 
meetings, manufacturers' exhibits and 
prizes. The convention is being run en- 
tirely by the amateur clubs of the New 
York area and everyone within commut- 
ing distance is invited. For informa- 
tion write HARC Convention, PO Box 
971, New Rochelle, N. Y. 
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Completed 
electrolytic 

tester. 

Parts layout in- 
side checker. 

A neon lamp and its series current - 
limiting resistor are connected across 
a test capacitor. The lamp lights when 
the capacitor is charged. Charging 
resistors are switched in and out of 
the circuit by S2, the CHARGE -TEST 
switch. Switch S1 gives you either a 

SI -a 
RI 

RED R2 

LO-CAP 
HI-CAP o 

SI-b 
C2140 270K NE5I 
R3 

TO 
CAPACITOR 
UNDER TEST 

BLACK 

CHARGE 

TEST 

CI 
40 

INSULATED ALLIGATOR CLIPS 

IOOK 
v2 W 

[RI,2-IW] 

Circuit of simple test unit. 

40 -µf test capacitor (Lo -cAP) or con- 
nects two 40 -µf units in parallel to 
form an 80 -uf unit (HI -CAP). At the 
same time, another section of S1 
changes the value of the charging 
resistor- either R2 by itself (for 40 
µf) or R2 and R1 in parallel (for 
80 uf). 

Using the checker is easy. Just set 
S1 for high or low -40 or 80 µf and S2 
to CHARGE. Then connect the tester to 
the capacitor under test with its in- 
sulated test clips -of course, you have 
already turned on the defective radio, 
hi -fi or TV. Wait for the neon lamp to 
light. Now slide S2 to the TEST position. 
If the capacitor under test is bad, the 
fault should vanish. If the fault re- 
mains, obviously the capacitor is good. 
Before going on to the next electro- 
lytic, discharge the checker by shorting 
the red and black test leads. END 
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WHAT'S NEW 

UNMANNED WEATHER STA- 
TION, developed by National Bureau of 
Standards for the Navy, transmits local 
data from remote ocean areas. Air and 
water temperature, wind speed and direc- 
tion and barometric pressure are converted 
into three- letter groups in cI ntinental code 
and transmitted at 6 -hour intervals on a 
frequency of about 6 me. 

NEW SWEDISH SYSTEM combines speakers and 
amplifier in one cannonlike enclosure. A seven -tube two - 
channel amplifier and six speakers are inside the enclo- 
sure. Woofer is at bottom in bass -reflex type of enclosure 
backed with sound- absorbent material which acts as par- 
tition between it and middle- and high -frequency 
speakers. Midrange speaker is seen at top and four high - 
frequency speakers are mounted around top perimeter. 
Both high- and low- frequency channels use single -ended 
push -pull with ELS6's and direct drive to speakers, with- 
out output transformers. Power amplifier is mounted in- 
side base panel. Elektron Lund of Malmo, Sweden. 

SQUARE- NECKED PICTURE 
TUBE allows corners of picture to be 
seen. New tube bulb, developed by Kimble 
Glass Co., has four channels formed in neck 
to allow corners of picture to pass. This 
improves contrast because '`corner clip- 
ping" in old tube bounced elections off 
tube walls and bombarded screen in ran- 
dom fashion, reducing contrast. Deflection 
angle is 114 °. 

NOImr.a*wr 
1C0 

votis 

PANEL METER uses printed- circuit 
coils and thin ceramic ring magnet. Built - 
in shielding eliminates need to specify type 
of pane_ meter is mounted on. Two screws 
projecting from back serve as both termi- 

AUTOMATED ASSEMBLY 
SYSTEM produces 1,8110 transistors 
an hour (higher tha previous auto- 
mated systems; see March, 1959 issue, 
page 6). Six turntables, hI o ovens (for 
alloying and bonding) Ind welding 
unit are primary components of IBM's 
unit. Entirely self -checki ig, photocell 
and mechanical devices reject any 
transistor- carrying "boats.' (small car- 
bon cylinders) that contain missing or 
poorly positioned parts. 

nais and mounting screws. A 1,00051 elec- 
trical overload for 1 second w II not disturb 
accuracy. The Parker Elec rical Instru- 
ment Corp. makes these very very thin 
units for use in a variety of Lircuits. 
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semiconductors 
for 

industrial 
controls 0 By TOM JASKI 

Transistors, Unijunrtion transistors, 
controlled rectifiers and cryostats 

IN the two previous articles we dis- 
cussed magnetic amplifiers and the 
special control systems based on 
logic units developed from them. 

Much newer, and therefore not as 
widely applied, is an entirely different 
system, based on transistors. 

To build logic units we need some 
kind of a switch or device with two 
states, conducting and nonconducting. 
A transistor fits in because we can 
recognize in its operation two greatly 
differing states, one of very high resist- 
ance and one of very low resistance. 
These two operating points are shown 
in Fig. 1. The transistor is off at A and 
on at B. Essentially, the only difference 
in circuit values responsible for these 
two states is the base current. 

The quality of a transistor switch 
depends on how well we can reduce 
leakage current from collector to 
emitter. By providing a small amount 
of reverse bias, we can keep the tran- 
sistor cut off. Fig. 2 shows the basic 
circuit of a transistor switch with re- 
verse bias applied. There are other 
possible circuits, but the engineers who 
build industrial control systems con- 
sider reliability one of their most 
important criteria, and careful analy- 
sis has shown that the common -emitter 
switching circuit is the most reliable 
arrangement. Fig. 2 is the basis of a 
fundamental logic unit. Apply a signal 
to the input and the transistor presents 
a virtual short to its output (there is 
no output signal). This forms a logic 
unit we call a NOT circuit. If we add 
several inputs to this circuit so a signal 
applied to any one of them saturates 
the transistor, we can say that neither 
a signal on i nor a signal on 2 will pro- 
vide an output, and we call this a NOR 

unit (any input prevents an output). 
An entire control system with logic 
units can be based on this NOR circuit. 
We can, of course, include one, two or 
more inputs, so long as we isolate them 
from each other with resistors as shown 
in Fig. 3. Generally speaking, we reach 
a limit when we have about 10 inputs. 

Transistor Logic units 
Fig. 4 shows the logic units we can 

build. Fig. 4 -a is a simple NOT unit, 
which is the NOR with a single input. 
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avalanche diodes, Trigistors, silicon 
are all usable as static switches 

If we make the units all alike and 
ignore some inputs, we waste some 
resistors, but the fact that we are 
making only one kind means that the 
units can be mass- produced. Fig. 4 -b 
is the two -input NOR, and 4 -c is an AND 
unit made up of two NOT units and one 
NOR unit. As long as no signal is applied 
to one of the NOT units, there is an out- 
put that prevents an output from the 
NOR unit. Both I and II must have an 
input to get an output from III. 

Fig. 4 -d shows a flip -flop which we 
can use as a MEMORY unit. Here we use 
a couple of 2 -input NOR circuits, with 
the input of each one connected to the 
output of the other. 

To examine the flip -flop's operation, 
let's start with a nonconducting state 
for both transistors, and no power on. 
As soon as power is applied, both tran- 
sistors start to produce an output. But 
one will be very slightly faster, and its 
output will saturate the other and keep 
it saturated. So one stable state is 
intrinsic to the circuit. Assume that I 
is conducting, and II is nonconducting. 
If we apply a signal at input 2, tran- 
sistor II saturates and its output stops, 
cutting off I. Alternate pulses at inputs 
1 and 2 reverse the state of the mem- 
ory unit at each pulse. 

Fig. 4 -e is an OR circuit made from 
a NOR unit followed by a NOT unit. A 
signal at either A or B keeps I turned 
off and no signal is applied to the NOT 
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Fig. 1- Typical common -emitter char- 
acteristics of a transistor. Note the on 

and off regions. 

unit, so we get an output at C. But with 
no signal on A or B we get an output 
from I which cuts off the NOT unit and 
prevents an output at C. 

Another logic unit we have not pre- 
viously encountered, but possible with 
the NOR system, is shown in Fig. 4 -f. 
This is constructed from one NOT and 
one NOR unit. As long as there is no 
signal on the control, there will be an 
output from II but, as soon as a signal 
is applied to the control input, the out- 
put is "inhibited ". This INHIBITING 

Fig. 2 -Basic transistor switching cir- 
cuit. 

GATE is a very useful tool for con- 
necting, disconnecting and controlling. 

Time delay is important in logic sys- 
tems. Fig. 4 -g shows a time delay 
built around two NOR units. Normally 
unit I is cut off, producing an output 
which keeps II saturated. If we apply 
a short pulse to the input, both units 

INPUTS 

2 

COM 

VBB 
(REVERSE 

BIAS( Z 
Fig. 3 -Basic transistor NOR circuit and 

symbol. 

momentarily saturate, but the charge 
stored in C2 quickly saturates II as 
soon as the pulse is removed and II 
never really gets a chance to conduct. 
Capacitor Cl saturates unit I until the 
charge on Cl leaks off, and all this 
time C2 holds II saturated until the 
job can be taken over by unit I again. 
Obviously, capacitor Cl in combination 
with the circuit resistances determines 
the time delay. Capacitor C2 must have 
the same value as Cl since it must 
keep II saturated until I produces a 
signal again. 

This system of NOR circuit control 

OUTPUTS 

RCOLLECTOR 

_ - 1 

I + 
2 

- COM 
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is being marketed by Westinghouse. 
They have also built a computer, the 
NORDIC, based entirely on NOR cir- 
cuits. Not as prevalent at present as 
the magnetic type circuits, control sys- 
tems of NOR circuits have great possi- 
bilities, fer they can obviously be built 
very economically. 

There are many other switching and 
logic circuits we can build from tran- 
sistors, but not many of them can be 
as universally applied as the NOR unit. 
We have all seen two- and four -tran- 
sistor flip -flops which often use diodes 
as well. Obviously the two -transistor 
NOR flip -flop is more economical. 

This may be the reason why many 
other excellent switching devices have 
not yet been extensively used as indus- 
trial control systems or even for logic 
units. 

Some of these semiconductor devices 
have rather startling properties, but 
their cost is not low enough to compete 
with the common transistor. 

Unijunction switches 
One of the interesting semiconduc- 

tor static switches is the Unijunction 
transistor. Its symbol and construction 
are shown in Fig. 5. It consists of a 
silicon bar with a base contact at each 
end. An emitter junction is on the bar, 
somewhat closer to base 1 than base 2. 
Fig. 5 -b shows the basic Unijunction 
circuit. With no emitter voltage ap- 
plied, the silicon bar functions as a 
resistor, and the field created in the 
bar by the current produces a small 
emitter -to -base voltage proportional to 

NOR 

COM 

INPUTI NOR 

COM CCM 

INPUT 

COM 

JONTROL f OM 

CI 

PULSE COM 
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T 

Fig. 4 -NOR unit logic functions: a- 
NOT unit; b -NOR unit; c -AND unit; d- MEMORY unit; e-OR unit; (- 
INHIBITING GATE; g -TIME DELAY. 
Note that it uses a 3 -input NOR unit. 
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the current through the bar. If the 
voltage applied to the emitter is less 
than this voltage, the junction is re- 
verse- biased and emitter current is 
minimal. When the voltage applied to 
the emitter exceeds the intrinsic volt- 
age, "holes" are injected into the bar. 
They reduce the resistance of the bar 
between emitter and hase 1. This allows 
a sudden increase in emitter current. 
Once past this point we can decrease 
emitter voltage and still increase emit- 
ter current. This gives us a negative 
resistance effect. This is shown in Fig. 
6, the characteristic Unijunction curve. 
It clearly shows the reversal of oper- 
ating mode, which we exploit as a 
switching characteristic. Thus it is easy 
to construct a hi- stable circuit, such 
as a flip -flop, as shown in Fig. 7. The 
trigger signal at X must be positive, 
or we must apply a negative trigger 
at Y, to obtain the conducting state. A 
negative signal at X returns the unit to 
the nonconducting state. Conducting 
resistance runs as low as from 0 to 40 
ohms, nonconducting resistance as high 
as 1 megohm. 

Many Unijunction circuits have been 
developed, but no generally applied 
logic units have yet been marketed. 
Obviously, the competition of inexpen- 
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acteristic curve. 
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the increased voltage, succeed in 1. cock - 
ing a large number of electrons out of 
a microscopically thin layer, crtting 
a microplasma, which spreads rapidly 
throughout the layer. This special layer 
is an alloy formed by fusing c tiny 
speck of aluminum to a piece of sili- 
con bar. The layer is estimated to be 
four millionths of an inch thick. The 
diameter of the junction is slightly 
over .001 inch! 

The Trigistor 
A third static switch is the Trigistor 

(see Fig. 8) a p -n -p -n device dev:loped 
by Solid State Products Inc. The Trig - 
istor has the unique characteristic that 
it can be turned on and off by a ti _gger, 

°TRIGGER 
INPUT 

O 

VI 

12V 

RL 

60011 

Fig. 5-Unijunction transistor : a -con- 
struction ; b- schematic symbol. 

Fig. 6- Unijunction transistor's char- 
acteristic curve shows curve reversal 

that makes it usable as a switch. 

sive transistors may hold up this de- 
velopment for a time. 

Avalanche diode switching 
We are still a long way from the 

bottom of the barrel. Another unusual 
and interesting static switch is the 
avalanche switch developed by Sperry 
Rand. It is a diode, which upon an in- 
crease of applied voltage switches (in- 
creases) the current through it so 
rapidly that we have no way of accur- 
ately measuring the transit time, which 
is on the order of a trillionth of a 
second. This switch uses the avalanche 
effect. Some electrons, speeded up by 

like any bi- stable circuit. A low -level 
positive trigger applied to it e base 
turns the Trigistor on, and it I emains 
on without base current. A negative 
trigger fed to its base turns it r.ff, and 
it remains off without base carrent. 
This makes it possible to build flip -flops 
with very few components. 

To understand Trigistor act ion we 
look at an analogy of two trarsistors, 
a p -n -p and an n -p -n transistor, as 
shown in Fig. 9. The collector of the 
n -p -n unit drives the base of the p -n -p 
unit and vice versa. The circui _ has a 
gain which is the product of the betas 
of the two transistors. So long 3 these 
are both less than 1, the circuit i=_ stable 
with no change in current. B once 
this product becomes greater _han 1, 
regeneration keeps the process going 
until both transistors are sa crated. 
When the negative trigger is pplied, 
the gain product once again '_ecomes 
less than 1, and the transistors :ut off. 
In the Trigistor, the two tra - _sistors 
are fused into one device. 

Silicon -controlled rectifiers 
The next static switch which shows 

promise, particularly in the in = ustrial 
electronics field, is the silicon -controlled 
rectifier. This device (Fig. 10) _5 more 
analogous to a thyratron but tin also 
be operated as a switch, and a very 
good one at that. The silicon -controlled 
rectifier differs from the thyac Lyon in 
that a current rather than a voltage 
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in its control element causes conduc- 
tion. Comparing the controlled rectifier 
with an ordinary rectifier (Fig. 11), 
we see that the normal rectifier has 
a silicon wafer forming the anode of 
the junction, while the controlled 
rectifier has an n -type silicon wafer 
with two players diffused into its 
surface. This combination of p- and 
n -type silicon looks similar, in symbol 
at least, to the Trigistor. But the effect 
is quite different, partly because no 
base junction is formed and because 
the silicon wafer is just mounted on 
the stud. 

Actually, the controlled rectifier is 
closer to the combination of an n -p -n 
transistor and a reverse -biased diode 
(Fig. 12). (Let me caution the reader 
that this is my own pet representation, 
not the manufacturer's official explana- 
tion.) 

As long as the transistor is noncon- 
ducting, the voltage applied to the diode 
is low, because of the resistance pro- 
vided by the cutoff transistor. But 

+V 

-V 
BASIC BASIC 
TRIGISTOR 
FLIP -FLOP 

,RANSISTOR FLIP -FLOP 

Fig. 8 -(: parison between Trigistor 
and (wire I tansisUn flip -flop 

circuit. 
when a signal on its base makes the 
transistor conduct, even though the 
signal would be too small to cause 
the reverse breakdown of the diode, 
the fact that the conducting transistor 
now presents virtually no resistance 
in. the circuit allows the full supply 
voltage to be applied to the diode, and 
breakdown occurs. Once this has hap - 
pened, the voltage developed across the 
emitter junction would keep the tran- 
sistor conducting and the reverse pulse 
required to turn the thing off would 
have to be as large as the supply volt- 
age. This is almost true. To restore 
the controlled rectifier we must momen- 
tarily lower the supply drastically or 
bypass the rectifier. In my analogy, 
you can see this would also work, for 
if we momentarily allowed the diode 
to recover we would in effect remove 
the bias to the base. 

The controlled rectifier has been made 
principally to deliver large currents. 
Although a number of circuits, such as 
flip -flops, are based on its action as a 
switch, their use in logic circuits is not 
immediately visualized. Where higher 
current possibilities are not important, 
other semiconductor devices such as 
the Trigistor and Unijunction transis- 
tor have definite advantages over the 
controlled rectifier in terms of parts 
requited per logic unit. Nevertheless, 
it is an important type of static switch 
and may well find application as the 
final switching element in control sys- 
tems where we have heretofore been 
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forced to use relays or contactors. 

An electrochemical switch 
A fifth static switch which we do 

not immediately associate with indus- 
trial control, because its development 
has been directed primarily in the 
direction of computer applications, is 
the Cryostat. In terms of construction, 
it is perhaps the simplest of all. But 
it has some severe environmental re- 
quirements, which may hold back even 
computer applications. The action of 
the Cryostat is based on the fact that 
a tantalum wire which has been super- 
cooled will drastically change its re- 
sistance with a change in the magnetic 
field surrounding the wire. The Cryo- 
tron operates in an open bath of helium 
at approximately the boiling tempera- 
ture of the liquid gas, and at room 
pressure, 4.2° K. The Ciyotron gate 
consists of about 250 turns of 3 -mil 
niobium wire wound on a tantalum 
wire, 9 mils in diameter and 1 inch long, 
a very small gadget indeed. The nio- 
bium wire remains superconductive over 
the range of magnetic -field change that 
affects the tantalum wire (a relatively 
small range -50 to 100 oersteds). The 
change in current in the niobium wire, 
from 0 to about 200 ma, represents the 
signal, and this changes the resistance 
of the 1 inch of tantalum wire from 0 
to .008 ohm. To anyone thinking in 
terms of the industrial control systems 
we have been discussing, this may seem 
like an insignificant change, hardly 
enough to hase a reliable control sys- 
tem on, until you focus again on the 
word zero, which is not nearly as theo- 
retical a word as it might seem. For 
superconductivity means that a wire 
with a current in the superconductive 
state maintains this current with no 
measurable decrease over a long period 
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Fig. 9- Analoge between two Transistors 
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Fig. 13 -Elec ro hemieal static switch : 
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of time. Then the change of a fraction 
of an ohm becomes relatively enormous. 
Many logic elements have been built, 
and practical computer circuits tested. 
Again, the Cryostat earns its name as 
a static switch, but we will not see 
liquid helium flasks in a factory or 
steel mill for some time to come. 

More likely to find application in 
these places is the electrochemical 
switch based on a discovery by Ovshin- 
sky of the Ovitron Corp. Fig. 13 shows 
this switch diagramatically in its off 
and on positions. The switch, with de 
on its firing electrode, passes an ac 
load, and without the voltage on the 
electrode presents a high resistance to 
the load current. No satisfactory theo- 
retical explanation for the phenom- 
enon has been found. Although not 
likely to be a candidate immediately for 
a series of ac logic circuits, this ac 
switch also has possibilities as the static 
equivalent of relays and contactors. 

Here then, besides the well developed 
and widely applied static switching sys- 
tems, you have seen a group of static 
switches, each of which may eventually 
come into its own in industrial elec- 
tronics, and some which are on the 
doorstep right now. We have purposely 
avoided spending time on vacuum -tube 
and thyratron switching, since they are 
well known devices of yesterday as well 
as today. Static switching and control 
is today and the future. It represents 
a philosophy which will not only find 
its way into the control phases of in- 
dustry, but also into the processes we 
use to produce machine parts. For ex- 
ample, electrolytic etching techniques 
are beginning to take the whirling lathe 
chucks and milling cutters out of the 
shop and into the museum. Not today, 
but certainly tomorrow, we may he pro- 
ducing entire machines without much 
more than a few streams of liquid elec- 
trolyte moving in the plant, and then 
the evolution of the process will allow 
us to do away even with them. END 
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OSCILLOGRAPHS 
IN 

ACTION 

By J. H. THOMAS 
HE modern oscillograph, though 
not an electronic instrument as 

r such, is so often used with other 
electronic equipment in industry, 

in laboratories and on missile testing 
sites that it is important for the elec- 
tronics technician to be acquainted 
with it. Far from being instruments of 
yesterday, oscillographs have their own 
area of application, sometimes over- 
lapping that of cathode -ray oscillo- 
scopes, but more often in applications 
where the oscilloscope is not the proper 
instrument to use. What is an oscillo- 
graph? What does it do? Where, why 
and how is it used? These are the 
questions we aim to answer. 

Oscillograph history started with the 
basic D'Arsonval galvanometer. This 
is the well known moving -coil instru- 
ment, which you probably use daily. 
However, to label it as a galvanometer, 
we must think of the same instrument 
with a very small mirror in place of 
the pointer. When we direct a narrow 
beam of light at the mirror, the beam 
is reflected. As the coil turns, the re- 
flected beam moves and we can then 
intercept it with a frosted -glass scale 
and make the instrument very sensitive 
by making our pointer (the beam of 
light) very long. Now if we use a film 
or light -sensitive paper in place of the 
scale and move it past the light beam, 
at right angles to the galvanometer 
deflection and at a constant speed, we 
add a time base and get a permanent 
record of the light -beam deflections as 
they occur in time. This is shown in 
principle in Fig. 1. In place of a moving 
film or paper, we can also add a second 
deflection to the light -beam by inter- 
cepting it again with a moving mirror, 
but this time moving the mirror at a 
constant speed at right angles to the 
beam deflection caused by the coil. Then 
we can record the trace on a still film 
shot such as a Polaroid camera pro- 
duces. The principle is shown in Fig. 2. 
Here the time -base mirror is moved by 
a spring, while a dashpot assures con - 
stant speed. 

Oscillograph advantages 
The moving film (or paper) galva- 

nometer can record long stretches of 
events or, by moving the film at great 
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The inside story on an im- 
portant piece of industrial 
electronic test equipment. 
How it works; where it's 
used; what it does 

speed, record them with great accu- 
racy. Ordinary galvanometers could do 
this job, but they would be rather 
large and only a few could be used in 
one oscillograph. So the oscillograph 
has specially designed galvanometers, 
which are very slender. They consist 
of a very small coil pivoted on support- 
ing spring wires (to avoid jewel pivots 
and provide torque at the same time), 
or even simply of a single loop of wire 
which functions as both coil and suspen- 
sion. Both types are shown in Fig. 3. 

Obviously the impedance of such coils 
is very low. Also we need a magnetic 
field but, since the coil is so small we 
do not need the customary center core 
used in most D'Arsonval instruments 
to keep the field working on the coil 
homogeneous, And third, it will also 
be clear the stiffer the suspension (the 
greater the tension in the suspension 
wires), the harder it is to turn the 
coil, but also the faster the coil returns 
to zero position. In other words, the 
galvanometer can be made to respond 
to higher frequencies as we make it 
less sensitive. 

Photo A shows a modern galvanom- 
eter from the Heiland oscillograph. 
When these units respond to fairly high 
frequencies, they must be damped or 
they may oscillate at their natural 
frequency when suddenly deflected. 
Sometimes the damping is done elec- 
trically (by shunt resistors) and some- 
times by filling the galvanometer case 
with fluid. A large number (as many 
as 12) of these galvanometers are 
placed between the poles of a strong 
magnet, which provides the magnetic 
field normally provided (in a meter) fur 
a single coil only. This is done to save 
space. 

The response of these galvanometers 
is not high compared to the oscillo- 
scopes you are used to. For example, 
a very sensitive galvanometer may 
have an impedance of about 300 ohms, 
respond to frequencies up to say 100 
cycles, and deflect an 8 -inch "pointer" 
light beam about 1 inch for 5 µa. At 
the other end of the scale, we may find 
a galvanometer which deflects the 
beam an inch at the same arm length, 
but needs 30 ma to do it. However, 
this one may respond to as much as 
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Photo 4--Subminiature Dena, il 

galvanometer. 

Photo B - Typical labor.ato ry 
type oscillograph, the G -F PR1- 
10 -112. Galvanometers are uni er 
small hood in center. Front part 
is cachera film drum with its 
drive at right. 

Photo C- Industrial tvpe u.-, lo- 
graph. Slot at top is for \ ie%. ig. 

Photo D - Visieorder m del 
1103. Note pushbutton corm ols. 
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5,000 cycles. In between is a large 
selection of galvanometers of all kinds 
of sensitivities, frequency response and 
damping requirements. 

How it works 
Photo B shows a typical laboratory 

oscillograph. Here the film camera is 
up front, driven by the variable -speed 
drive at the right. The galvanometers 
are under the little cover in the top 
center, where they can be reached to 
adjust them. Adjustments are prin- 
cipally to position the trace on the 
film. This type of instrument can be 
macle with as many as 24 galvanom- 
eters. The one shown has only 12. 

During adjustment, the light- source 
lamp is in series with a resistor to 
lower its voltage. The lamp is a very - 
high- intensity incandescent lamp that 
delivers enough light to leave a clear 
trace on the film. We turn it on to full 
brightness only while recording -this 
is done automatically in the instru- 
ment. Projection type lamps are used. 
Some manufacturers make special 
lamps for their galvanometers, while 
others used the same kind of lamps used 
in sound -track systems for movie pro- 
jectors. Lamp life runs between 100 
to 500 hours, more likely the lower 
figure. Replacements should be kept on 
hand if the oscillograph is used fre- 
quently. 

Photo C shows the form of oscillo- 
graph you are likely to encounter in in- 
dustry. It has all the features of the 
laboratory instrument, but is enclosed 
in a more suitable case for permanent 
installation. Notice the slot near the 
top. It is for viewing the trace as it is 
being recorded or adjusted. This can be 
done quite simply as shown (Fig. 4). 
Of course we need a time base too. An 
angular mirror is rotated at high speed. 
As the mirror turns, your eye sees one 
flat side after another, and on each 
side the beam appears in different 
places as it moves. Viewing the sides 
rapidly. is like seeing movies; you 
actually see a series of single shots 
but their sequential display tricks your 
eye into seeing movement. So here too 
you get the effect of a continuous time 
base. 

Another feature of oscillographs is 
that we can readily add a time- calibra- 
tion trace. This will simply be done 
with a special ac voltage source deflect- 
ing one of the galvanometers. The 
source is accurately calibrated for 
frequency and thus gives us a con- 
tinuous check on the film or paper (as 
to the film -speed constancy). For very 
accurate work, the timing trace is 
sometimes made with a square wave. 

Why, where and how 
Now let's see why, where and how 

oscillographs are used. Why is easy. 
We can build oscillographs which can 
record as many as 48 traces in a single 
instrument. This is almost impossible 
with an ordinary oscilloscope, even 
with electronic switches (getting 10 
traces is doing quite well!). 
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Typical oscillograph traces: a- single -phase short circuit test on an ac 
l) --test on textile loon.. 

Second, as you know, scopes ( "scope" 
"seeing ") are used most where we 

wish to view the trace, not necessarily 
record it. We can record from a scope 
screen with special cameras, but we 
are limited to either single shots of a 
few cycles or must use very special 
CRT's and special high -speed cameras 
to get a recording of any length. And 
then we usually end up with a single 
trace, or at best two or three. Not 48! 
Third, the oscillograph is used where 
the scope's extreme bandwidth is not 
needed or not desirable. We can set 
very high demands on the oscillograph 
galvanometers for linearity, but we 
cannot guarantee the same degree of 
linearity in scopes, particularly at 
lower frequencies or dc. These, prin- 
cipally, are the whys of oscillographs. 

The next question is where do we 
use them. This is not so easy to answer, 
because they are used so widely. Gen- 
erally speaking, oscillographs are used 
wherever we wish to record a number 
of signals simultaneously and contin- 
uously. We could use industrial re- 
corders if we have a few signals, but 
not if we have very many. Also indus- 

GALVANOMETER > - 

PAPER OR 

FILM MOTION 

Fig. 1 -Basic principle 
graph. 

of the oscillo- 

b 

gencrator; 

trial recorders generally record much 
slower variations than oscillographs. 

We use oscillographs where the rec- 
ords must be simultaneous, where we 
must read data from a common time 
base. For example, we would use an 
oscillograph when flight- testing an air- 
craft or missile to record strain -gauge 
readings. The record gives a compre- 
hensive picture of the strains the craft 
is subjected to. 

Oscillographs are used when testing 
large circuit breakers to see if all the 
contacts (on three phases) break the 
current simultaneously, and how fast 
the current breaks. For example, mod- 
ern high -speed circuit breakers should 
cut the arc of interruption in less than 
three cycles. To check how fast the 
breaker operates after we push the 
button, one trace is set up to show the 
current from the pushbutton. To check 
for bounce in the contacts and mech- 
anism, the oscillograph is connected 
to a current source and transducers. 
In this way many things about a cir- 
cuit breaker and when they happened 
in relation to time and each other can 
be studied. 

This is a prime spot for the oscillo- 
graph. The low- frequency response and 
low impedance of galvanometers is of 
no consequence here, yet we would 
barely be able to see the event on a 
scope, let alone measure the variables! 

An oscillograph can be set up to 
measure the flutter of aircraft trim 
tabs, the strain in the control cables, 
the temperatures of engine exhausts 
and the acceleration reached in a pull- 
out simultaneously. All these things 
can best be recorded with this instru- 
ment. These are just examples; we use 
them many other places where a large 
number of many variables must be 
recorded simultaneously. 

We cannot do much about the galva- 
nometer's low frequency response, al- 
though we can improve matters by 
using electronic amplification and the 
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"stiffest" galvanometers available. But 
it is easy to get around the low imped- 
ance with impedance- matching trans- 
formers or such electronic aids as 
cathode followers. And for remote re- 
cording, oscillographs are often used in 
conjunction with a "carrier" system 
where the variables modulate an audio 
carrier of a few thousand cycles, which 
is demodulated at the receiving end 
and fed to the galvanometer. 

These are some of the how's about 
oscillograph applications. Now let's 
talk about some special disadvantages 
of oscillographs, and how a very mod- 
ern instrument gets around these. First, 
the film or photosensitive paper used 
must be developed and fixed. This takes 
time, and we must sometimes wait a 
while before working with the records. 
Second, recording the time marker takes 
up a useful galvanometer, and a spe- 

w cial device can be included to avoid 
this and keep one more active instru- 
ment available. Third, when we draw 
parallel lines on our record to mark off 
time points, for comparison of events, 
we may make errors by drawing the 
lines slightly at a slant. So if such 
lines can be recorded on the paper as 
we record the traces, another hazard 
is eliminated. 

The Minneapolis Honeywell Visicord- 
er (Photo D) is a modern instrument 

BRIDGE 

MIRROR 

COIL 

BRIDGE 

TENSION 
ADJUSTMENT 

PULLEY 
ADJUSTMENT 

a 

TENSION 
SPRING 

that gets around all these things. It 
uses a paper that is sensitive to ultra- 
violet light and immediately shows a 
trace on the paper recorder. This re- 
quires special optical systems, because 
ultraviolet does not normally pass 
through glass very well. Not only is 
the record immediately available, but 
a special shutter operated by the drive 
records a timing trace on the edge of 
the paper. In addition, thin timing 
lines, coinciding with the start of the 
time marks, are recorded all the way 
across the paper. 

Setting up a test 
Oscillographs are extremely simple 

JULY, 1960 

INDUSTRIAL ELECTRONICS 

/ / - 

CJ 

i 

-RANSIENT CONTROL SWITCH 

Fig. 2 (above) -Time base for single shots is obtained by moving the light beans 
at 90° from galvanometer deflection with a second mirror. 

Fig. 3 (below) -Two types of galvanometers 
used in oscillographs: a- string; b -coil. 

variations, connect a thermocouple di- 
rectly to the galvanometer. To record 
pressures use a transducer tha: con- 
verts pressure into voltage. This could 
be a potentiometer moved by a Bc urdon 
tube, a bellows (Fig. 5) . 

For example, to measure the c: intact 
COIL opening time of the circuit b: 'aker, 

connect an actual voltage and c.rrent 
that would be encountered in th; field 
to the breaker from some high- \oltage 
high -current source. The breaker has 
built -in current transformers to pro- 
vide the instrument current used for 
the breaker (usually 5 amps ai nom- 
inal rating). This can again be stepped SPOOL down with an auxiliary transforner to 
the galvanometer rating. Thus the rec- 
ord shows the normal 60 -cycle current 
through the breaker, and the instant 

MIRROR 

SUSPENSION 

TENSION 
SPRING 

TENSION 
ADJUSTMENT 

to use. We must have a source of low 
voltage representing the variable to be 
measured foi direct connection to the 
galvanometer, a variable -gain ampli- 
fier, or we must use attenuators or im- 
pedance- matching devices. Other than 
that, any variable voltage which repre- 
sents some factor we wish to measure 
and within the specifications of the 
galvanometers is the only requirement. 
Thus, to record position, we might use 
a voltage source and a potentiometer 
connected to the moving object. 

The variable voltage from the poten- 
tiometer wiper would be the voltage to 
be recorded. For strain gauges use a 
bridge circuit. To measure temperature 

ROTATE 
RAPIDLY 

4 

i , 

1,// /- !/,,' 
I/i / / / GALVANOMETER 

/ , , / BEAM aOVES 

UP ANI, DOWN 

LAMP 

MIRROR SURFACES 

Fig. 4- Rotating mirror provides pseudo 
time base for viewing the trace fr Dm the 

galvanometer. 
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it ceases is the break point (Fig. 5 -d). 
The galvanometers must be selected 
for the particular job. Contact bounce 
on the circuit breaker would be deter- 
mined from the operating shaft of each 
section, with a potentiometer connected 
to the shaft, which would show then if 
the shaft vibrated after opening. (Most 
large circuit breakers rotate their con- 
tacts.) Or you could make a separate 
test with an accelerometer attached to 
the contact blade to show any reversal 
in movement of the blade. Remember, 
an oscillograph is simply a sensitive 
galvanometer that records whatever 
it measures. Use it as you would any 
other sensitive meter with low imped- 
ance and limited frequency response. 

The oscillograph at present is an in- 
dispensable instrument for such appli- 
cations as missile and aircraft tests, 
power -line tests, recording water levels 
in rivers, recording strains in giant 
dams or the twists in the frame of a 
locomotive as it rushes through a switch 
or poor section of rail. It is used in 
development of automobile bodies and 
frames, as a delicate instrument to re- 
cord physiological variables (in EEG 
and EKG) and to record the shock 
waves from atomic bombs. It is some- 
thing in the way of instrumentation you 
are bound to meet up with at some 
time or other. END 

c< 

STRAIN 
GAUGE 
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PWR LINE 

POTENTIAL 
VOLTAGE TRANS 

CKT 
BREAKER 

AUXILIARY 
CURRENT 
TRANS 

T LOAD CURRENT 

Q 

Fig. 5- Simple connections for oscillo- 
graph galvanometers: a - direct -con- 
nected thermocouple; b- position indi- 
cator with potentiometer; c - strain 
gauge connected in a bridge circuit; d- connections for current and voltage 

in a circuit -breaker test. 
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POLYOPTIC SEALING 

MAKES BETTER TUBES 

ANEW, yet old method of joining the 
two glass parts of a vacuum tube 

(envelope and stem mount) has been 
demonstrated by the Chatham Elec- 
tronics Division of Tung -Sol. It is based 
on the principle that if two glass sur- 
faces are highly polished and mated 
they will hold together because of 
molecular attraction. Originally, some 
attempts were made to make airtight 
seals by using such accurately polished 

and mated surfaces that true molecular 
bonding resulted. 

The story goes that this process was 
first used by the French underground 
during World War II. They needed 
tubes for their radio equipment and 
had to make their own. However, gas 
for their Bunsen burners was difficult 
to get and they were forced to try opti- 
cal polishing and mating to seal the 
parts of their tube envelope. 

The process Tung -Sol has been work- 
ing with was developed and is now used 
by the Compagnie Generale de Tele- 
graphie sans Fil (CSF) of France. It 
is called polyoptic sealing. Briefly, the 
new technique calls for preparing the 
mating surfaces of the tube envelope 
and stem mount by optical polishing so 
the tube can be evacuated before the 
seal is made. This requires a polishing 
accuracy of a few millionths of an inch. 

One step in the polishing process is 
shown in the first photo. Here the bulb 
is being given the precise contour it 
needs so it will mate with the polished 
button stem of the tube. It is done by 
applying the bulb to a rotating abra- 
sive sphere coated with polishing rouge. 
This step is preceded by several grind- 
ing and lapping operations. The button 
stem is subjected to a series of similar 
steps. 

After both bulb and stem have been 
polished they are checked under a 
monochromatic helium light to deter- 
mine the exactness of the fit between 

the mating surfaces of the bulb and 
stem. If inspection reveals unaccept- 
able parts, they are returned for re- 
grinding and polishing. The inspection 
process consists of placing the surface 
to be checked against a standard and 
placing the pair under the helium light 
(see photo). Fringe patterns which 
reveal any defects appear as pink 
stripes (the color of helium light) sep- 
arated by black bands (where the light 
waves interfere because of foreign par- 
ticles between mating surfaces or sur- 
face irregularities). 

After passing inspection, the two 
parts are joined and attached to an 
evacuation pump. Then the base is 
heat -sealed to the shell, the tube is 
sealed and the process completed. 

The advantages of the process, 
though costly (In production, industrial 
tubes made by this process will cost 
15% more than their conventional 
equivalents) are best demonstrated 
with a short set of figures: In tests 
conducted for the Signal Corps two 
groups of type 1288 thyratrons were 
made -38 by the polyoptic process and 
50 by standard production techniques. 
Then both groups were life- tested. 
After 2,000 hours none of the standard - 
type tubes were working, but more than 
55% of the polyoptic- sealed tubes were 

still operating. Also, the yield of good 
tubes is higher under the polyoptic 
process -85% for polyoptic, only 60% 
for conventional types. 

Based on the satisfactory results of 
the tests, Tung -Sol is continuing its 
study of polyoptic sealing. The results 
of the study are expected to reveal 
whether volume production using the 
polyoptic technique is warranted. END 
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SERVOMECHANISMS... 
how they Work 
Electronic circuits can control 
which way and how far an 
electric motor will turn or a 
piston will moue 

By E. L. SAFFORD. JR.* 

SERVOMECHANISMS are elec- 
tronic circuits that make electric 
motors run, open or close valves 
to control the amount of oil or air 

fed to a piston and serve in a myriad 
of other control and indicator applica- 
tions. However, in this article we will 
deal only with motors and pistons that 
are connected to a load we want to 
move or position in some particular 
way. 

The electronic circuit we use may be 
nothing more than a potentiometer, a 
couple of relays and a tube or two. 
Or it may be an amplifier which is just 
as complex as hi -fi or public- address 
types. 

In audio work we want an amplifier 
to have little or no distortion. We also 
want plenty of power so we get excel- 
lent linearity when we operate at low 
power. And we want feedback to cor- 
rect the response. 

An ac servo amplifier has about the 
same requirements. It must furnish 
enough power to drive a motor or 
valve. It must have a linear response 
over a range of very low frequencies 
since its input may be only a few 
cycles per second. It must also have 
feedback, but with servos this feedback 
is a little different. It must indicate 
the position or speed of the motor gear - 
train output shaft or piston shaft, and 
not he a portion of the signal being 
ampl ified. 

The input signal to a servo amplifier 
must identify the direction we want 
the motor or piston output shaft to 
move in and tell it how far to move. We 
do this with a dc signal by letting the 
polarity specify the direction and the 
amount of the voltage control the 
amount of movement. For an ac signal 
we let the phase, with respect to a refer- 
ence voltage, tell the motor or piston 
which way to move, and again let the 
amount of voltage tell how far the 
output shaft is to be moved. 

Fig. 1 shows how a simple linear 
potentiometer can be connected to a 
pair of batteries to form a bridge cir- 
cuit. When the wiper is in the center, 
the voltage across terminals A and B 
is zero. If the wiper is moved to the 
right, A becomes negative with respect 
to B. If the wiper is moved to the left, 

a Author: Model Radio Control, Gernsback 
Library. 
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A becomes positive with respect to B. 
This could be an input circuit for a very 
simple motor control unit as shown in 
Fig. 2. We have not called this a servo, 
since it has no feedback. 

With the wiper centered as shown 
there is no voltage on the grids of the 
tubes. R1 is set so RY1 remains open. 
R2 is set so RY2 just closes. Since 
both motor leads are connected to the 
positive battery terminal, it does not 
run. Now we move the wiper clockwise. 
The bridge is unbalanced and a positive 
voltage is placed on the grids. V2 is not 
affected since it is already conducting 
and its relay remains energized. V1 
starts to conduct and closes relay RY1. 
This connects motor lead A to the 
negative line. Lead B is connected to 
the positive supply so the motor runs 
clockwise. It will keep running till we 
move the wiper back to its center posi- 
tion. 

If we move the wiper counterclock- 
wise, a negative voltage appears on the 
tube grids. Vl is unaffected (it is 
already cut off) but V2 stops conduct- 
ing. This makes RY2 open and connect 
motor lead B to the negative line. Since 

LINEAR FOT 

A POS WITH A NEG WITH 

RESPECT RESPECT 
TO B TO B 

A 

+ 
22.5V 22.5V 

Fig. 1- Linear potentiometer and two 
batteries form a balanced bridge. 

motor lead A is connected to the posi- 
tive supply, the motor runs counter- 
clockwise. Again, it keeps running 
until we center the wiper. 

Position control 
Fig. 3 shows how to add a second 

potentiometer, like the first, so it fur- 
nishes a position feedback signal to 
the tube grids. Now if we move the 
input wiper 10° clockwise, the motor 
output shaft also moves 10° clockwise 
and then stops. In other words, we can 
make the output shaft position corre- 
spond to the input shaft position at 
all times. This is basically what we 

want in any kind of positioning servo- 
mechanism. 

If we move the input wiper io the 
right, a positive voltage is applied 
to the tube grids. V1 conducts, closing 
RY1. The motor runs and turns the 
feedback wiper in the direction that 
brings it nearer the positive tattery 
terminal. As soon as this wiper has 
moved the same distance from center 
that the input wiper was turned, the 
voltage difference between th ? two 
wipers is zero. The relay opens and the 
motor stops. 

If we center the input wiper again, it 
is nearer the negative battery tc minal 
than the feedback wiper. Now r. nega- 
tive voltage with respect to round 
appears on the tube grids. This makes 
V2 stop conducting, and RY2 opens. 
Now the motor runs in the o nposite 
direction until the feedback wiper 
reaches the center position and no 
voltage difference exists. The motor 
would, of course, have a geai train 
between its shaft and the object we 
want to position. This may be a rotary 
antenna, a hydraulic valve, sonar 
transducer or any similar device. The 
feedback pot would be attached to the 
shaft the object is connected to. 

The ac servo 
Fig. 4 reveals the similiarity between 

an ordinary audio amplifier and a servo 
amplifier. The values shown a -e only 
indicative of those in use and not the 
exact values used in any one amplifier. 
The idea here is to control the motion 
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Fig. 2- Simple motor- control ircuit. 
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Fig. 3- Motor -control circuit with a po- 
sition feedback potentiometer. 

of a two -phase induction motor by 
controlling the phase to one winding. 

If we use a synchro transformer for 
the input, we can provide a 60 -cycle 
signal which can be in phase or out -of- 
phase with the line voltage. We can 
control the amount of ae voltage to 
the input tube grid by how far we move 
the input shaft from its zero position. 

Note that we also have a feedback 
signal which will be provided by the 
same kind of device. The armature of 
the feedback synchro turns as the 
motor output shaft turns. 

Here is how it works: With input 
and feedback synchros properly set in 
position, there is no signal to the input 

tube grid. The motor has only its refer- 
ence winding connected to the line and 
does not run. If we turn the input 
synchro shaft a little to the right, a 
60 -cycle signal appears on the tube 
grid. This is amplified, shifted in phase 
slightly (by the phasing network), 
amplified again by the power stages 
and applied to the second motor wind- 
ing. The phase of this signal leads the 
reference by about 90° and the motor 
runs clockwise. 

As the motor runs, it turns the feed- 
back synchro and, if we have set it 
correctly, it will produce a signal exact - 
]y out of phase with the input. Thus 
when their voltages are the same, they 
cancel and the motor stops running 
since the amplifier no longer applies 
any voltage to it. The output shaft has 
been moved to the new position. 

NOT USED IN 
I ALL CASES 

If we move the input shaft back to 
its center position, its signal vanishes. 
The signal now applied to the input 
tube is from the feedback synchro and 
is 180° out of phase with the one we 
used a moment ago. When this signal is 
amplified and fed to the motor winding, 
it is a voltage whose phase is lagging 
the reference. Thus the motor runs in 
the direction that moves the feedback 
synchro armature back to its zero 
position. The motor stops when the 
signal to the input tube vanishes. 

The hydraulic system 
Fig. 5 shows the basic elements of an 

electrohydraulic servo system. Examine 
the valve piston arrangement first. 
The valve consists of a rod with three 
metal wheellike sections fastened or cut 
as a part of it -C, D, and E. The rod 
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4 -A representative ac servo. 

is held in place in the metal block by 
two centering springs. It can move up 
or down like a solenoid when either 
winding has current flowing through it. 

Note that, as shown, the center part, 
E exactly covers the input hole where 
a pump, for example, is trying to force 
oil into the valve. C and D exactly 
cover the two exhaust lines so that oil 
in the piston cylinder cannot get out. 

Now suppose the upper winding is 
energized, pulling the rod up. E opens 
the input line from the pump and also 
opens input B to the piston. Oil flows 
into the bottom of the cylinder and 
cannot get out since D still covers 
exhaust line B. 

However, part C has uncovered 
exhaust line A and, as the oil flows 
into the bottom of the piston, the piston 
moves up, forcing oil from the top 
part of its cylinder out through exhaust 
line A. When the piston has moved 
enough to turn the feedback synchro 
enough to cancel the input signal, cur- 
rent to the top winding stops. The 
valve recenters and the piston stops 
moving. This same action takes place 
if the bottom winding is energized and 
the piston will move in the opposite 
direction. 

Now let's see how we can energize 
one winding or the other by changing Eight servos are used in this Air Data 

Se, 
Computer. 

mechanisms Inc. 
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the phase of the input signal as we did 
with the ac servo. A new output stage 
is required. The rest of the amplifier 
is the sanie as in Fig. 4 except that the 
cathode follower and phase inverter are 
replaced by V3 and transformer T2 of 
Fig. 5. 

V1 and V2 in Fig. 5 are biased class - 
B and 117 volts ac is applied to their 
plates. T3 and T4 are small separate 
transformers. 

Here's how these work: Since V1 and 

Bellows- Valvair 
Bellows Air Motor is a typical servo - 

controlled device. 

V2 are biased class -B, normally no 
current flows in either output trans- 
former. If we apply an input signal 
which is in phase with the plate refer- 
ence, making V1's grid positive at the 
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Fig. 5- Representative hydraulic servo. 

same time as its plate, V1 conducts. 
The signal goes through T3, is rectified 
and causes a current to flow in the 
upper valve winding. V2 does not con- 
duct with this signal because when its 
plate is positive, the grid is negative 
and, when its grid is positive, its plate 
is negative. 

When we change the phase of the 

NEW PORTABLE 
TIME STANDARD 

ZENITH Radio Corp. has announced 
the world's first portable secondary 

time standard, the WWV -1. This self - 
powered instrument is accurate to 
approximately ± 16 seconds per year. 

The device contains a transistor re- 
ceiver designed to pick up WWV or 
other sources of a one -second "tick." 
The receiver may be set at any of three 
switch -selected, crystal- controlled fre- 
quencies-2.5, 5 and 10 mc. Its output 
is fed to a decoder that removes all 
information except the one -second tick. 
The decoder includes circuitry to pre - 
vent false signals from disturbing the 
clock. 

The tick is applied to a generator 
which supplies pulses of the required 
amplitude and duration to operate the 
clock. 

With a set of contacts using the 
clock's hands and a special circuit 
board, the unit can switch external 
devices on or off at 15 -, 30 -, 45- and 
60- second intervals. Longer intervals 
range from five minutes to an hour or 
any multiple of five minutes. The time 
combination desired is selected by insert- 
ing special shorting plugs into jacks 
on the panel. 

JULY, 1960 

The clock used in the standard was 
developed by the Hamilton Watch Co., 
Lancaster, Pa. Its balance wheel oper- 
ates a set of contacts that pulse the 
timepiece twice per second. According 
to the manufacturer, it is waterproof, 
shock -resistant and not affected by 
extremes of temperature and altitude. 

An audio amplifier and speaker pro- 
vide an aural check of receiver perform- 
ance, as well as a means of obtaining 
WWV voice and code signals. 

Two standard batteries will operate 
the radio for several months. The clock 
runs as long as one year on a single, 
separate 1.5 -volt battery. 

Some of the uses for the WWV -1, as 
suggested by J. E. Brown, vice presi- 

uurrur ----- 

input signal by 180 °, V1 does not con- 
duct but V2 will, since now its grid 
will be positive when its plate is The 
lower valve winding will now re.c.eive 
current. 

Remember, only two basic servo types 
have been discussed. There are many 
others. Some of them will be des( ribed 
in future issues. END 

dent in charge of engineering, ire to 
link instruments with metering equip- 
ment to record flow, viscosity, an i tem-. 
perature of oil or gas moving tl rough 
pipelines. Several clocks could b used 
to simultaneously trigger a number of 
measuring or recording devices s ich as 
scintillation counters or cosmic ray 
measuring equipment at widely scat- 
tered locations. END 
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TELEVISION 

Servicing the A professional full -time service technician 
tells how the horizontal output circuit 
works and how he goes about fixing it 

Horizontal Output 
Stage 

By R. D. JACQUES 

AST time we talked about horizontal 
oscillators (April, page 55). This 
month, let's work over horizontal 
output stage circuits. We may not 

get 'em all in, but we'll try. 
The horizontal output stage of a TV 

receiver has two important functions. 
It generates the sawtooth currents that 
sweep the electron beam across the 
face of the picture tube, and it supplies 
high voltage for the picture tube. These 
happen simultaneously, but to make 
things a bit clearer we'll take them one 
at a time. 

The horizontal output tube is always 
a power pentode, with a hefty current 
rating. It is biased to operate class -B 
or class -C, so that plate current flows 
for only a small part of the input cycle. 
The drive voltage (input signal) from 
the oscillator has a special shape. It is 
"not a sawtooth, but a trapezoid (Fig. 
1). This combination of a sawtooth 
and square wave is necessary because 
it causes a pure sawtooth wave of 
current to flow through the deflection 
yoke windings. This gives us the linear 
deflection we've got to have. 

The plate load for this tube is a 
transformer which is coupled to the 
deflection yoke windings. The yoke is 
the load for the transformer secondary 
and the combination of the two (trans- 
former and yoke) makes up the total 
load for the output tube. When the out- 
put tube is conducting, a pulse of cur- 
rent flows through the primary winding 
of the transformer. This generates a 
similar pulse in the secondary. Fig. 2 
shows the waveform of the current 
pulse in the yoke. Notice the point on 
the waveform marked "output tube 
cutoff "? Right there, the peak of the 
sawtooth portion has been reached 
and the grid voltage has dropped below 
the operating point -the tube is cut off 
and plate current stops flowing. 

The pulse stores energy in the form 
of a magnetic field in the transformer 
secondary. When the output tube is 

CUTOFF 
BIAS 
FOR 
OUTPUT 
TUBE 

Fig. l- Trapezoidal voltage on grid of 
horizontal output tube. 
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cut off, the field collapses back through 
the winding, inducing another pulse of 
current in the sauce direction. Thus, 
when the pulse was applied, the mag- 
netic field created in the yoke started 
the electron beam in the CRT moving 
from left to right (from a theoretical 
resting position in the center of the 
screen). When it reached the right 
edge, the tube stopped conducting. The 
resultant collapse of the field generated 
a sharp pulse in the windings that 
snapped the beam all the way across 
the tube. Then, the field still present 
kept the beam moving from left to 
right, until it reached the center again. 

At this time the output tube takes 
over again and begins to conduct. The 
next pulse moves the beam the rest of 
the way across the screen. The combi- 
nation of these two actions gives us a 
linear sweep. 

When the stored energy in the trans- 
former collapses, it induces a pulse of 
current in the primary. The rate of 
change of the current during this time 
is very fast and causes a high (pulse) 
current to flow in the primary. The 
pulse induces a very high voltage in the 
primary (it acts as an autotransformer) 
which is applied to the high -voltage rec- 
tifier, as in Fig. 3. The total time for a 
complete cycle is 63 µsec. Of this, 56 

BEAM IN I OUTPUT 
CENTER 

A 

TUBE 

i OF CUTOFF 
I SCREEN 

I 

OUTPUT 
TUBE 
CORRE 

AMPER 
TUBE 
(YOKE) 
CURRENT 

7p.SEC 53.4 SEC 

RETRACE PIK 
TIME TIME 

t ig. 2- Sawtooth current through yoke 
developed by the trapezoidal voltage. 

µsec is used for the sweep and 7 µsec 
for retrace. The rest goes into the front 
and back porches. The inductive kick 
used to generate the pulse of high volt- 
age has led to the name of flyback 
for these transformers. 

Flyback yoke system 
The transformer yoke system has in- 

ductance and, like any circuit having 
inductance, it also has a natural reso- 
nant frequency. During retrace (fly- 

back time) the collapse of the field 
shock -excites the whole system into 
oscillation. For reasons which we will 
get to in a moment, the whole system 
is designed to be naturally resonant at 
the fundamental frequency of the re- 
trace time -70 to 72 kc. 

To obtain the sweep we get these 
oscillations. We can't get rid of them 
so we do something useful with them. 
First, we get a rapid retrace. And sec- 
ond, by making the whole system reso- 
nant at the retrace frequency, we in- 
crease its efficiency tremendously and 
get a much larger pulse of current in 
the primary to be made into high volt- 
age! If we let the oscillations die out 
normally, it would upset the sweep and 
the waveform would look something like 

FLYBACK TRANS 

HIGH VOLTAGE 

Fig. 3 -How pulse from the plate of the 
horizontal output tube is applied to the 

plate of the high -voltage rectifier. 

Fig. 4. This would cause ringing on the 
left side of the raster. 

To get rid of the unwanted portion 
of these oscillations, we connect a half - 
wave rectifier across the yoke, as in Fig. 
5. Now, during retrace, the pulse makes 
the cathode of this rectifier (the 
damper tube) positive, the tube does 
not conduct and, in effect, is not even 
there! After the pulse passes the zero 
line, it changes polarity. The next half - 
cycle applies a positive voltage to the 
plate of the damper, and it conducts 
heavily, shorting out the undesired 
halves of the pulses. This damps out 
the ringing and leaves us with an at 
most perfectly linear sweep. 

So there's your circuit action. The 
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oscillator drives the output tube which 
in turn drives a tuned circuit, the fly- 
back yoke combination. You know 
what happens when a tuned circuit is 
thrown out of resonance- there's a 
drop in the stage's output. So, when- 
ever we replace a component in the 
flyback or yoke circuit, we must use 
a replacement that will restore the 
whole circuit to its original resonant 
condition! This is the reason for using 
exact -duplicate yokes, flybacks, etc. 

The most important sections of the 
circuit are the components that deter- 
mine resonance -the flyback, yoke, and 
any capacitors which may be connected 
in the circuits. The high voltage gen- 
eration is actually almost incidental. 
We can get high voltage by simply 
winding on more wire "above" the 
output tube plate, so we do! 

The same thing applies to the boost 
voltage. When the damper tube con- 
ducts it acts like any half -wave rectifier 
and a positive voltage appears on its 
cathode. But the way the damper is 
set up, with the B -plus applied to its 
plate, the added voltage appears in 
series with the B -plus. This gives us a 
source of higher voltage (the boost 
voltage) used to furnish plate voltage 
for the vertical and horizontal output 
stages. 

To get a do voltage from the high - 
voltage pulse, we must rectify it. A 
special rectifier, with very wide spacing 
between its plate and filament, is used 
to prevent flashover. The filament must 
be above ground, so it is powered by 
wrapping a turn or two of wire (ex- 
ceeding.y well insulated wire!) around 
the core of the flyback. Output is taken 
from the filament, sometimes through 
a filter consisting of a large resistor 
and a 500 -µµf capacitor. Many sets use 
the inherent capacitance between the 
conductive graphite (Aquadag) coat- 
ing on the picture tube and the chassis 
as this capacitor. 

Three flyback circuits 
That's about all we need on the basic 

circuit. Now let's look at the three basic 
circuits used in commercial TV sets. 
They differ only in the yoke connec- 
tions and you'll have to examine the 
schematic to see just which one you 
have. 

HORIZ 
OUTPUT 

JULY, 1960 

HORIZ 
YOKE 

1. The transformer circuit uses a 
separate secondary winding to drive 
the yoke (Fig. 6 -a). B -plus is fed 
into the flyback through its secondary 
and the damper tube, and the high rf 
(the spike of voltage from the flyback 
action) is applied to the damper's plate. 
Boost voltage is developed at the 
damper's cathode and fed back through 
the linearity -coil circuit and the trans- 
former's primary to the plate of the 
output tube. 

2. The autotransformer circuit has 
only a single winding, and drives the 
yoke by connecting it across taps on 
that winding. B -plus is fed to the plate 
of the damper through the linearity 
coil. Boost voltage, of course, appears 
at the damper cathode and feeds the 
output tube plate through the flyback 
winding (Fig. 6 -b). 

3. The direct -drive circuit uses a 
simpler flyback that consists of only the 
plate and high -voltage winding as 
shown in Fig. 6 -c. The yoke is con- 
nected in series at the lower end, back 
to the damper cathode and the boost 
voltage. Most of these can be identified 
by the flyback, which does not have an 
iron core, but either a plastic or paper 
form. You've noticed, of course, the 
identical nature of the high- voltage 
section of the winding on all of these 
circuits -all are autotransformers with 
the plate of the high -voltage rectifier 
connected to the top of the total wind- 
ing. 

Servicing tricks 
Servicing any receiver, radio or TV 

should be handled back to front. Start 
at the output (speaker or picture tube) 
and work toward the antenna, repair- 
ing all troubles as you go. Servicing 
horizontal output stages demands a 
different approach. First, isolate the 
whole circuit in your mind -oscillator, 
output tube, flyback, damper, yoke and 
high -voltage rectifier. Now, think of 
this circuit as if it were a radio trans- 
mitter. Transmitter servicing is entire- 
ly different. We start with an oscillator, 
feed it into a power amplifier through 
a tuned circuit, then to an antenna. In 
this case, our "antenna" or load, is the 
yoke and the high -voltage rectifier, 
but the basic operation is just the same. 
So if we can think of the circuit as a 
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transmitter, it'll be easier to s ervice! 
We fixed the oscillator las : time. 

From now on we'll assume it is \corking 
perfectly and any troubles lie in the 
output stage. Testing in this circuit is 
a process of elimination. You oan use 
any of several places as your :starting 
point. But practically everyone makes 
a routine examination of the set, not- 
ing which tubes are lit, checking the 
high -voltage fuse, measurirg the 
B -plus voltage and checking to see just 
what symptoms the set shows. Once you 
discover there is no high voltage, you 
start eliminating the various things 
which could cause it. 

The most common causes should be 
checked first -the tubes. All would be 
replaced, checking the set each time. 
A good order of replacement is: high - 
voltage rectifier, damper, horizontal 
output and oscillator. If this r )es not 
bring the raster back, leave t e good 
tubes in until you're finished Id pro- 
ceed with the rest of the test,-. 

First, see if you can draw an arc 
from the plate of the high -volta re recti- 
fier with the blade of a screwdriver. 
(1 shouldn't have to tell you hat the 

Fig. 4- Natural shape of wave form in 
yoke and flyback without a darn per tube. 
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O 

'B' 
DAMPER CCNDUCTING- 
'SHORTING OUT 
RINGING 

Fig. 5- Polarity of flyback pulp a during 
retrace makes damper cathode positive 
so damper does not conduct. Vt -yen ring- 
ing voltage starts, the damper cathode 
is negative and the tube conducts heav- 

ily, shorting out the ringing. 

HORIZ 
OUTPUT 

Fig. 6 -The three types of horizontal output circuits: a- 
standard transformer; b- autotransformer; c- direct drive. 
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screwdriver must be insulated. Anyway, 
you'll remember it the second time!) 
Normal arc here is about 3 inch long 
and a bright blue. If the output tube 
plate cap is exposed, you should get a 
very short arc there. No arc at either 
plate means that there is no high - 
voltage pulse reaching the rectifier 
plate. At this point, disconnect the 
yoke and repeat the test. If a below - 
normal arc appears at the high- voltage 
rectifier plate, the yoke may be defec- 
tive. Check it for shorts and leaky 
balancing capacitor resistor networks. 
If possible, substitute another yoke of 
the same inductance (the horizontal 
section is all you need) and see if the 
high voltage comes up to normal. If it 
does, the yoke is definitely bad. If not, 
the trouble may be in the flyback or 
the output tube. 

Weak output 
In many of the newer sets, test 

points are easily accessible -oscillator 
plate, output tube grid and screen, etc. 
Measure voltages at these points and 
check them against the schematic. The 
scope is a valuable instrument for 
checking this circuit. By placing its 
probe close to but not touching the 
plate lead of the output tube you can 
see if there is any pulse voltage there 
and after a while get a pretty good 
rough idea of its normal amplitude. 

Weak output may be caused by low 
drive, open coupling capacitors or in- 
correctly set drive adjustments. This 
can be quickly checked with the scope 
and a voltage calibrator. Measure the 
peak -to -peak amplitude of the drive 
signal at the output tube grid. For the 

Remember 

old 50° sets it should be about 50 volts, 
65 volts for 70' sets, 75 volts for 90' 
and 90 -105 volts for the 110- sets. 

Measure the screen voltage of the 
output tube. A shorted tube, replaced 
some time before, may have damaged 
the screen resistor. Normal screen volt- 
ages for common tube types are: 6CD6, 
175 volts; 6AU5, 6AV5, 6BQ6, 6CU6, 
6DQ6, 200 volts, and the 6BG6, 350 
volts. These are maximum values. In 
TV sets you'll find variations below this 
figure, but not too many. Screen volt- 
age should never be more than the 
amount given or screen dissipation will 
be too large. 

Cathode voltage should be checked 
if a protective resistor is used. Many 
circuits simply ground the cathode, but 
others use a small resistor (100 -150 
ohms) in the cathode to protect the 
tube against drive failure. Remember 
the radio transmitter? These tubes are 
just like final amplifiers -if operated 
without an input signal (drive), plate 
currents reach excessive heights and 
destroy the tube in a short while. So if 
you see the plate of the horizontal 
output tube turning red, turn the set 
off quick and check to see why the 
output tube isn't getting any drive 
signal! 

Special testers 
Several test instruments are made 

solely for checking flyback yoke sys- 
tems and all are worth their cost. Some 
are signal subst_tuters that provide 
signals which can be used on the out- 
put tube grid in place of the set's 
horizontal oscillator. Also, with the aid 
of a horizontal output tube in the in- 

strument, they will drive the flyback 
and yoke without the set's output tube. 
This test tells you definitely whether 
there is trouble in the flyback. 

Others test components out of the 
circuit. They detect shorted turns in 
flybacks and yokes by using the reso- 
nant- circuit principle we discussed 
earlier. (A winding with a shorted turn 
will not resonate at its proper fre- 
quency, and its output will be very 
low.) 

One instrument can even be con- 
nected directly into the horizontal out- 
put circuit and reads all quantities 
concerned with it. Resistance readings 
can be taken in the B -plus and boost 
circuits, screen resistors and cathode 
resistors measured, and all voltages 
checked in actual operation, by merely 
turning switches. 

Finally, by using test adapters or 
by opening the cathode circuit, the 
plate current of the output tube should 
be measured. This is the most impor- 
tant reading as far as tube life is con- 
cerned. Maximum plate currents should 
be 6AU5, 6AV5, 6BQ6, 6CU6, 6BG6- 
100 ma; 6DQ6 -140 ma, and 6CD6 
-170 ma. If plate current is higher, 
tube life will be short indeed! Too -high 
plate current can be caused by in- 
correct screen voltage, low drive on the 
grid, improper bias in the cathode (if 
used) or by a severe mismatch in the 
yoke circuit. Leaky or open screen or 
cathode bypasses can also cause 
troubles. Whenever any major repairs 
are made to the flyback system, always 
measure the plate current of the hori- 
zontal output tube, too much means 
an inevitable callback! END 

Check the Tubes 
This set hurt my ego. I had reached 

that lofty stage of my career where I 
considered the tiresome routine of 
checking all tubes in troubleshooting 
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just a little superfluous. For a long 
time I had been making satisfactory, 
even spectacular, diagnoses by the mere 
use of my five senses and past years of 
experience. I could tell at a glance 
at the screen whether the tubes were 
good or not. 

On this particular service call, I 
was confronted by a well banged up 
Sparton model 5107, looking a little 
disrobed with its back off and its high - 
voltage cage bared, left in that condi- 
tion by a friendly neighbor the night 
before. This technically minded neigh- 
bor's opinion was that the flyback 
transformer was shot and, since it 
would take, among other things, a 
soldering iron to replace it, he had 
bowed out. There was no raster on the 
screen, but there was good sound. The 
small arc drawn from the cap of one 
of the 6BQ6's was about the same size 
as the one drawn from the 1B3, which 
fooled me into thinking the horizontal 
oscillator was working satisfactorily. 
I replaced all the tubes in the hori- 
zontal sweep section, and the 5U4, with 
no success. I examined the flyback as 
well as I could through its accumula- 
tion of sooty dust and finally I reluc- 

tantly told the owner that I had to 
concur with her neighbor's opinion and 
the set would have to be taken to the 
shop. 

On my bench a tester soon showed 
that the flyback and yoke were OK, 
and I began checking voltages. After 
turning the set on, the 130 volts on 
the plate of the horizontal oscillator, 
V23, slowly dropped to 40. I imme- 
diately suspected filter capacitor, C91 -c, 
and unhooked it. No luck. There was 
only one place left to go, the plate of 
sync stripper V16, since it was tied 
through an 18,000 -ohm resistor to the 
same capacitor. The voltage here 
dropped from about 400 when the set 
was turned on to practically nothing. 
Removing this tube restored the high 
voltage with a cheerful crackle. It also 
cracked my ego. 

I billed the customer for the 12AU7, 
an 18,000 -ohm resistor, a service call 
and diplomatically discussed the 
weather instead of the flyback trans- 
former! I also dug out the tube checker 
and put it back up on the front seat of 
my service truck, next to the tube caddy. 
It will be used early and often on future 
jobs.-Klemm's Television 
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MANY tests can be made on a 
TV set using only your eyes 
and powers of observation. 
For instance, the operating 

condition of the vertical oscillator and 
vertical sync stages can be checked out 
with remarkable accuracy. 

Normal action on a TV set's vertical 
hold control should be familiar to all 
technicians (and set owners, too, for 
that matter!). When the hold control 
is moved in one direction, the picture 
should roll slowly downward until the 
blanking bar reaches a point about 2 

inches or so from the bottom of the 
screen. There, it should snap out of 
sight, and another bar begin rolling 
down. Turning the control the other 
way should cause the picture to stand 
still until the critical point is reached. 
It should then break out and roll rapidly 
upward. 

Unless these actions are as described, 
there is a possibility of trouble in the 
vertical oscillator, even though the set 
will hold a picture stationary on the 
screen. For instance, if the picture has 
no snap when rolling downward and 
can be rolled slowly upward, the ver- 
tical oscillator or sync stages are not 
working properly and will soon give 
trouble. 

Loss of vertical sync (or weak sync 
pulses) can acount for these symptoms 
as can weak tubes in the vertical oscil- 
lator or sync stages. Low oscillator 
supply voltages are another cause. 

Antenna stacking 
I have two TV antennas that I would 

like to stack. What are the mechanics 
of the problem ? -R. C. J., Chapel Hill, 
N. C. 

Efficient stacking requires stacking 
bars cut to a half wavelength of the 
desired channel. The lead -in is con- 
nected to the center point of the bars, 
as in Fig. 1. The length of the bars can 
be figured from a division of the channel 
frequency into 300 x 10", which gives 
the wavelength in meters. A meter is 
39.37 inches. Next, the spacing of the 
stacking bars must be adjusted to trans- 
form the impedance of each antenna 
to 600 ohms at the lead -in connection 

1/2 1 

ANTENNA I 

STACKING 
BARS 

30011 LEAD -IN 

ANTENNA 2 

Fig. 1 -A simple and effective stacking 
method is to use half -wave stacking bars, 
spaced for proper impedance transfor- 

mation. 
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point. The two 600 -ohm impedances are 
effectively connected in parallel, match- 
ing the 300 -ohm lead -in. The spacing 
can be adjusted most accurately by 
using a sweep generator, as in Fig. 2. 

Width -coil burnout 
I found the width, coil in a Sentinel 

416 TV charred and burned, and re- 
placed it with the type specified for 
this chassis. Some previous service 
technician had replaced the flyback 
with a type designed for the 419 chassis. 
Now, the width coil gets hot enough to 
burn your fingers. Pee changed all the 
tubes and checked both flyback and 
yoke for shorted turns. I putt a 4.7 -ohm 
resistor in series with the width coil, 
and it burped up, too! Putting a meter 
in series with the width coil, I can read 
only about 10 -1.1a. The coil controls the 
width of the picture as it should. - 
J. 1. L., Niagara Falls, N. Y. 

That flyback change is the villain 
here! Checking the specifications of 
both transformers. I found quite a per- 
ceptible difference in the sections of the 
windings where the width coil is con- 
nected. There is at least a 305: differ- 
ence between the two! 

A width coil must be matched to the 
portion of the flyback it is connected 
across, ,just as a yoke must he matched. 
Your overheating is due to the fact 
that this mismatched coil has set up a 
resonance here, and is carrying a very 
large circulating current! (When you 
disconnected one end and inserted the 
meter, it damped the circuit so that 
it could not oscillate; therefore you 
read only a harmless 10 tea.) 

LEAD-IN FROM ANT 

TUNE TO 
DESIRED CHANNEL 
FOR N'ATCH 

TELEVISION 

If the set will operate all right with- 
out the width coil, take it out entirely! 
Any excess width can be controlled by 
making a width -control sleeve out of 
foil and sliding it inside the yoke. If 
you want to replace the coil, a good 
rule of thumb is this: a width coil 
should have a minimum it ductance 
equal (roughly) to one -half the induct- 
ance of the section of the flyback it is 
shunting. Maximum inductance should 
be three to four times this vi.lue. You 
may have to do a little "Cut and Try" 
engineering here, to find a suitable 
type. I should say that the inductance 
of this section in the Sentinel flyback 
is in the neighborhood of 0 7 to 1.0 
millihenry. 

Shifted channels 

My problem is with a Bent :ix Model 
TS17DU TV which developed trouble 
in the front end. Channel 13 comes in 
on charnel 8, channel 3 is on ehannel 2, 
and channel 8 is gone enti -eiy. The 
uhf channel comes in OK Ca 7 you tell 
me where to look for the trouble? - 
J. S. T., St. Petersburg, Fla. 

The schematic I have for this model 
shows a Standard Coil turret tuner. In 
this tuner, such troubles would not be 
possible, as each channel has its own 
individual oscillator coil. Defeas in one 
will not affect others. However, there 
is one peculiar difficulty, which is not 
uncommon. If the metal in ert in a 
plastic channel- selector knob becomes 
loose and turns, you can get some ex- 
tremely peculiar results! 

However, from the symptoms you 

FLAT TRAC!: 
INDICATES MATCH 

Fig. 2- Spacing of stacking bars is checked with 
rf sweep generator, double -ended demodulator 
probe and scope -at the receiver end of the le,d -in. 
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Ii26J6 I 

OSC 
6 

3µµf 

TO MIXER 

.82µµ f 

CHAN 13 

CHAN 2 

CHANS 9,10,11 

CHAN 8 

15K 

FINE 

TUNING 

IOµµf 

CHAN 7 

LOW -END I 

ADJUST I 

CHAN 6 

CHAN 5 

CHAN 4 

CHAN 3 

CHAN 2 4.7 K 

HIGH -END 
ADJUST 

8+ 

500µµf 
ITO .001 

Fig. 3- Schematic of oscillator of incre- 
mental- inductance tuner. Switch (shown 
in channel -13 position) removes the 
unused coils. Fine -tuning control is ef- 

fectively between grid and plate. 

give, this must be an incremental - 
inductance tuner. Channel di. >placement 
in a Standard Coil tuner is always uni- 
form. Each channel moves two, three, 
etc. channels one way or the other. You 
have a 210 -mc channel 13 coming in on 
180 -mc channel 8, and 60 -mc channel 3 
coming in on 54 -mc channel 2. 

In the incremental- inductance tuners, 
the oscillator coils are arranged as 
shown in Fig. 3. Your local oscillator 
is far off frequency : 30 me low on the 
high band, and 6 me low on the low 
band. This would suggest a defective 
capacitor or coil. For example, if the 
fine -tuning capacitor were broken me- 
chanically and jammed at maximum 
capacitance, the result would be some- 
what similar. Other troubles might be 
found in the oscillator wafer of the 
switch. If the rectangular "drive hole" 
in the wafer is broken and enlarged, 
the wafer could get off calibration. A 
bad contact on the shorting portion of 
the switch would also leave too much 
inductance in the circuit (causing the 
oscillator to work on too low a fre- 
quency). 

As you can see from the sketch, your 
coils are arranged in series. The total 
inductance of the portion left in the 
circuit determines the frequency of the 
oscillator. Therefore, either of the 
troubles mentioned would give you re- 
sults like you observed -operation on 
too low a frequency. 

Check all of the capacitors in the 
circuit. The values will be different in 
your tuner probably, but they will be 
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in the same locations. Either the 3 -µµf 
or the 10 -µµf capacitor in the grid cir- 
cuit would affect the frequency. So 
would the adjustment of the tuning 
slug in the small coil labeled HIGH -END 
ADJUST. Check the setting and adjust- 
ment of these slugs. 

I remember a very mysterious case 
in a different make TV set. Although 
the set worked perfectly in the store, 
when delivered at the house it was com- 
pletely off on all channels. Investigation 
disclosed the low- frequency adjustment 
on channel 6 (an iron slug) had slipped 
and fallen out of the coil. This threw 
all channels off adjustment. 

Critical horizontal hold 
We hare a General Electric 14T017 

portable TV with a very critical hori- 
zontal (cold. The set has always been 
this way, according to the owner. It 
runs with a black bar down the middle 
of the picture for a while, then falls 
completely out of sync. -G. M., West - 
ville, N. Y. 

There have been several production 
changes in this model, and they center 
around this circuit. The first version 
used a 5AN8 tube (the triode section) 
as a horizontal phase detector. Other 
versions used twin selenium diodes 
(Figs. 4, 5). If yours has the tube, 

TO C251 

SYNC µµf 
CLIPPER 

R252 

IMEG 
R251 

300K 

1/2 5AN8 
HORIZ PHASE DET 

R253 
5.6 
MEG 

C253 IMEG 

C254 
.002 

5 13 V 

While these are the most frequent 
offenders, don't overlook C256, the .0047- 
µf capacitor across the stabilizer coil. 
If this is leaky, it will upset the hold 
action badly. If you replace it, be sure 
to use a very- high -grade capacitor 
which is not temperature -sensitive. 

The shaping networks in the grid 
circuits are also worthy of attention: 
R256/C255 and their counterparts (not 
shown) in the remainder of the hori- 
zontal oscillator circuit. Measure the 
resistance of R253, the 5.6- megohm 
resistor from the plate of the 5AN8 or 
the left terminal of the comparer diodes, 
back to the 135 -volt line. Quite often 
we all develop a human failing to check 
these very large resistors, feeling that 
they are so big that a little drift won't 
bother anything. Check them carefully; 
large though they are, they should be 
within their tolerance. Too much drift 
will upset this very sensitive circuit. 
This is especially true when selenium 
diodes are used. 

Gassy replacements 
Recently I changed a 27.ì1P4 metal 

tube to a 27EP4 picture tube on an 
RCA 27D382 with a KCS 2 (' chassis. 
I used a rebuilt 27EP4 and in less than 
a month the tube became gassy. I re- 
turned the picture tube for another of 
the same brand, and the same thing 

C258 FROM 
t .0012 FLYBACK 

.--tt C252 7AU7 
OOKµµf HORIZ MULTIVIB 

R254 

R255 

Fl 256 
68K 

C 255 
.047 

R257 
12K 

C256 a f L 251 
HORIZ 

I . COIL 

135 V 

C 257 

.001 R258 

fR259 
1.2 K 

56K 

Fig. 4- Horizontal multivibrator with 5AN8 phase detector. 

check plate resistor R252, R251, the 
grid resistor, the coupling capacitor 
C251, 180 µµf, and the coupling resistor, 
R255, 1 megohm, to the grid of the 
7AU7. Short out the horizontal stabi- 
lizer coil, L251, and see if the horizon- 
tal oscillator will "free- wheel" with any 
stability at all. (You'll probably have 
to increase R257, 12,000 ohms, to about 
15- 18,000 ohms to get it to do this. Re- 
place the original resistor when through 
testing) . 

The circuit should be capable of 
holding a picture almost still, floating 
slowly across the screen, with the 
stabilizing coil out. Remove the short 
from the coil, and adjust the slug for 
a stable picture. If it will not free- 
wheel, check C257, .001 µf, for leakage, 
and the plate and grid resistors in the 
oscillator circuit. (The 5AN8 tube 
should have been replaced first, of 
course!) 

If the set uses dual -diode phase 
comparers, check them or better still, 
replace them, for a test. These units 
are the most common cause of horizon- 
tal instability in this set, in field 
experience. 

410 SYNC CLIPPER 

R252 IC 251 1/2 7AU7 660K 100µµf 
HORIZ MULTIVIB 

R251 
560K 
R255 

C265 C253 
82µµf 

0012 
R253 
5.6MEG R254 

135 V IOOK 

R25 
ì2K 

C256 
IMEG .0047 
C254 
.005 

C252 
0012 

íC258 FROM 
0012 FLYBACK 

Fig. 5- Multivibrator with dual selen- 
ium diodes. 

IOOK 
R256 

C255 
.047 

t L251 
I HORIZ 
I STAB 

COIL 

135 V 

happened again. Is the picture -tube 
voltage too low ? -J. J., Minneapolis, 
Minn. 

The 27EP4 is one of the tube types 
which sometimes show a neck shadow 
that may be a little troublesome to 
work out. If the neck shadow is worked 
out with the ion trap, the beam will 
erode the aperture in the first anode 
and soon gas up the tube. Neck shadow 
should be worked out by eccentric shim- 
ming of the focus unit or by use of a 
thin pair of centering magnets mounted 
just behind the yoke. END 
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IT had been a hectic day and now we 
were relaxing, sipping hot coffee at 
the greasy spoor.. "You know some- 
thing," he said, "servicing television 

is simple." 
Having just finished sweating the 

better part of a day on a set, this was 
indeed news. I just grunted. 

"Sure enough. I mean it. It's simple. 
All you have to do to fix a TV set is 
find the defective part and replace it." 
He turned the palms of his hands up in 
a familiar gesture. 

"Yes," I answered, "and I just spent 
a full day doing that very simple thing." 

"Okay, let's get down to business. 
You're an average technician, why did 
it take you all day to find a shorted 
.001 capacitor ?" 

I got to thinking. It was a good 
question. Why did it take me all clay to 
find a shorted bypass? After a moment's 
silence, I answered, "Well, for one thing 
I got sidetracked into believing the 
trouble was in another section." 

"Ah -h -h!" he exclaimed, raising the 
proverbial finger. "In other words, you 
spent a day proving that nothing else 
was wrong with the set, correct ?" 

I had to admit that it was. 
As we got started home, he said, 

"Come up to my !:lace next week. I 
have something I want to show you." 

I had been talking with "The Q," 
Quincy Gibbons, a graduate of Missis- 
sippi State in 1919 and one of the most 
refreshing and unpredictable fellows 
ever to come out of the Mississippi 
Delta. At the first opportunity I dropped 
in on The Q. "Guess you came up to see 
the gadget ?" he inquired. 

"I came up to see, period." 

There it is 
We went into one of the front rooms 

that contained the usual TV accumula- 
tions. "Here's what I wanted you to 
see," he said, picking up the contrap- 
tion shown in Fig. 1 and placing it 
carefully on the table. 

"My gosh! what a mess," was the 
best I could conjure. 

"Mess! you say, and you haven't 
seen the back!" He turned it around, 
displaying what can be seen in Fig. 2. 

"Just wait until you see what this 
thing can do," he promised. 
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Confucius say: Even the needle could be 

tirw.j+r found in the haystack if one knew uncer 
what straw to look. Here's a quick tray 
to prove where the needle isn't 

"There's one thing I'm sure 
do-work!" 

"Ah -h me," he sighed, "to think all 
famous people have to go through this." 

"Pull up you a chair and let me 
indoctrinate you. You can see that this 
was originally an RCA portable," he 

it can't announced, patting the front of the 
set. "Here's a block diagram that shows 
where I tapped into it (Fig. 3)." 

"Yes," I confessed, "but Mr. Sarnoff 
would have a hard time recognizing it 
now." 

"You sure die bard," he coral lamed. 

Fig. 1-"Mr. Sarnoff wouldn't recognize it." 
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"I chose it for several seasons. For one 
thing, it's in a rugged metal cabinet 
and has a power transformer. Now I 
know we don't have too much trouble 
with power supplies, but we have all 
lost time wondering if low voltage or 
an improperly filtered supply was con- 
tributing to instability. To. find out, I 
flick this switch down, attach a lead 
here, pull the 5U4 out of the defective 
set and drop this test lead into the No. 
2 or 8 pin. In about the .sine time it 
takes to tell it I have eliminated power 
supply trouble. Savvy ?" 

What if it isn't there? 
"Except for one minor detail. Just 

let's suppose that when you reach for 
that alleged 5U4 it isn't there." 

"If the job has seleniums, we just 
move over into another department. In 
addition to the regula . power supply, 
I built in a voltage doubler using 
silicons. By simply connecting leads to 
the proper terminals, I can bridge either 
rectifier, any capacitor, even the large 
ones, sometimes used in series with the 
line. Now would you say I have covered 

the power supply rather thoroughly ?" 
he asked. 

"I concede you a point. Proceed." 
"Now, let's go into something a little 

more difficult, the audio. By connecting 
here and throwing this switch I can 
chive the voice coil of the set under test, 
or I can make the test set drive this 
voice coil. How long would it take you 
to find out for sure that a voice coil 
was open without disconnecting it ?" 

"Well, I would have to screw the end 
off my flashlight, take out a battery, 
find something to use for leads and 
scratch the terminals. If I heard no 
scratch, the voice coil is open." 

"But what if it were distorted? How 
would you show that up with a flash- 
light battery ?" 

"Okay, okay, you're building up 
points." 

"Following the same procedure, I can 
substitute the output transformer - 
both ways, now mind you, and I can 
make the set under test chive this out- 
put and speaker or I can drive the out- 
put and speaker in the test set. Also, 
there are arrangements for two -way 

Fig. 2- "]leas! you say? Take a look at the back!" 
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substitution of signals from the input 
of the audio and the discriminator." 

"All right, now let me see you kick 
that rf around a little, Smart Boy." 

"Works the same way." Q shrugged 
confidently. "If you want rf to chive 
the discriminator, here it is. Or, you 
can take rf from the test set and drive 
this discriminator." 

"Comes now the time when we must 
suppose that we have neither power 
supply or audio trouble. We have that 
very rare disease known as no pix. 
What would you prescribe to soothe 
that ?" 

"Listen, my friend, if you are plan- 
ning on sticking me, you are going to 
have to dig deeper. Let's assume we 
have a trace of snow on the screen but 
no picture. My guess would be the tuner, 
but it would take a lot of work to prove 
it. With this gadget I simply attach a 
lead to the first if amplifier's grid, 
throw this switch and touch the other 
end of the lead to the grid of the first 
if in the test set. If I get a picture, the 
trouble is the tuner. Definitely! And as 
much as I hate to, I will have to tear 
into it." 

Where do we go next? 
"If the trouble hadn't been in the 

tuner, I would have tapped a signal off 
the if and fed it to the second detector. 
If I hadn't got a picture there, I would 
have kept going back tapping off the 
input to the video, the output of the 
video and finally the picture tube itself. 
In other words, I could have localized 
that trouble to an area small enough for 
me to make a minute search." 

"Amen." I thought a minute and 
added, "But run a simple answer to 
this my way -why didn't those if's 
conic uncranked when you were making 
like the AT &T with all those wires ?" 

"Well, Maestro, I regret that you 
brought up that subject, but I am pre- 
pared. Did you ever hear of the dandy 
art of `doodling ?' " 

"Yes, that is exactly the thing we 
were always told not to do." 

"Precisely. But this time I received 
a doodler's license by virtue of neces- 
sity." 

"When I connected a lead that seemed 
to interfere with the picture or sound, 
I adjusted that particular stage to 
restore the quality." 

"You may have restored the picture, 
but the quality part I doubt." 

"Well, take a look for yourself." He 
snapped all the switches up, which is 
the normal operating condition, and 
sure enough he had a fair picture. 

And the other switches? 
"There seem to he a lot of switches 

you haven't wiggled yet, and we haven't 
talked any about high voltage, sync, 
vertical and horizontal, etc. For exam- 
ple, I see you have a terminal marked 
agc. What is it ?" 

"That's not really agc. It's a 45 -volt 
battery hooked up through a pot so it 
can be varied down to .01 volt. And 
does that come in handy! The other day 
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I had a set that looked like two stations 
were coming in. I substituted a tuner 
signal and the trouble almost cleared 
up. When I fed a signal into the second 
detector, it did clear. I then substituted 
a battery bias and it also cleared. What 
do you think it was ?" 

"That's an unfair question for you, 
Q. It so happens that I have also been 
coached. It was the age filter, usually 
a low -voltage electrolytic." 

"That's right, but, why does it do it ?" 
"I thought you were supplying the 

answers, not the questions." 
"Don't get me wrong," Q said. "I've 

never said I knew all about this busi- 
ness. In fact, I don't even know enough 
to quit." He laughed. 

"Well, the reason you get double 
images or ghost effect when the agc 
filter capacitor is open or deteriorated 
is simple. It was put there in the first 
place to bypass anything that was mov- 
ing on the agc line, particularly hum 
and picture information. When it's not 
effective, picture information is fed 
back to the grids of the rf and if ampli- 
fiers where it is delayed or out of 
phase and appears on the face of the 
picture tube as a ghost, or interfering 
picture. . . . 

"Along this same line, I had a rough 
one a while back. I was getting picture 
information in the sound. It was caused 
by a strong local overloading because 
of not enough bias. I see I could have 
found it much quicker with your device." 

"Yep, agc can cause a lot of trouble. 
That's another reason why I selected 
this particular RCA for my substituter, 
it has keyed age and I wanted the pulse 
that is fed, back from the flyback trans- 
former to the agc tube. That thing 
always did cause me trouble. Now," 
Q said, "I can supply that pulse to the 
line and remove another doubt. I can 
also supply the sync pulses. Here I 
have the composite sync right off the 
second detector, and these two terminals 
make available the vertical pulse after 
it has gone through the integrator, and 
the horizontal at the. grid of the hori- 
zontal oscillator. You know, I can run 
these pulses along the line and actually 
find defective components? How many 
times have you -Wondered about the 
condition of this ?" He tapped a printed - 
circuit integrator. 

"Plenty," was my answer. 
"I can tell you in a few seconds. If it 

passes my injected signal, it is good, 
and vice versa." Q demonstrated with 
good results. 

Into the sync circuits 
"The rest of the gadget is almost 

self -explanatory. I can feed a signal 
both ways from the input and output 
of the vertical and horizontal tubes. I 
can substitute both the vertical and 
horizontal output transformers. Also 
either section of the yoke." 

"There are bound to be some varia- 
tions in circuits that would keep you 
from substituting the vertical and hori- 
zontal outputs," I complained. 

"Granted that there are," he an- 
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Fig. 3 -Block diagram hsows where taps are made to convert TV set into a 
Gibbons' Substituter. Some of the more obvious features (and harder to 

show in a diagram) such as a power supply are not indicated. 

swered, "bat I will still stick to my 
original statement and say that, by 
substituting both ways, I have always 
been able to localize the trouble. And, 
fortunately flybacks and yokes don't 
cause much trouble." 

"No," I agreed, "I don't believe I 
ever replaced a flyback or yoke that 
wasn't obviously bad." 

"Right! And that about wraps it 
up with the exception of mentioning the 
width coil I've brought out. Also I 
didn't mention that I brought out both 
the grid and cathode of the picture tube. 
B- boost, of course. And don't forget 
this high -voltage terminal. It can come 
in handy." 

"Yes, I could have used that very 
nicely yesterday. I had an 8 -inch Emer- 
son that wouldn't light up. The high 
voltage at the input of the high -voltage 
rectifier seemed definitely low. The low 
voltage was off about a third, so I re- 
placed the seleniums but it still didn't 
come up. After a couple of hours of 
checking, I decided to replace the fly- 
back. Then I discovered that a pin had 
broken off from the lug on the high - 
voltage rectifier socket. This is one case 
I know your gadget would have saved 
me hours. 

"Is there anything extra special 
you've learned to do with it ?" 

"Yes, in a way," Q answer ?d. "You 
can detect hum in a circuit by connect- 
ing to the video amplifier input. Hum 
will show up on the screen j 1st as it 
does with a shorted tube in the circuit." 

"And by the same token," I added, 
"you should be able to detect contamina- 
tion along an agc line. By the w ay, what 
are those meters on top ?" 

"This one, of course, is simply an 
ac dc meter across the line. The other 
is a high -resistance meter in the second - 
detector circuit. I can meas> re, rela- 
tively, the output of a tuner of the gain 
of an if by connecting the tuner in 
question to the first if in the gadget. 
Then I can go down the line n.easuring 
the gain of each if." 

"I presume that it's sometimes nec- 
essary to use decoupling in he leads 
when interconnecting, like small capac- 
itors or resistors ?" 

"Occasionally. It all depen( s on the 
situation." 

"It's also necessary to ground the two 
sets, and that's the reason for not 
using a selenium job for a Sul stituter." 

"It would be all right," Q said, "if 
you used an isolating transformer." 

"I guess this gives me enough infor- 
mation to tell the boys about i!. I guess 
I'll wrap things up and head for the 
post office." END 
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HEATHKIT Presents 18 New Kits for 

014MN6-A^TOI; :ClNMIIRY1011t s. 

GO STEREO IN STYLE WITH 
ECONOMY STEREO AM /FM TUNER KIT (AJ -10) 
Full fidelity _AAI and I'M reception, plus up- tu- the- minute 
design features arc yours at minimum cost with this new 
He:uhkit stereo tuner. Features include: 2.5 uv. sensitivity 
lin- 20 db of quieting: individual Hywneel tuning; separate 
tragic -eye tuning indicators for .AM and I' \I:.A \I bandwidth 
switch: .i- position (off- hall -full) automatic frequency control 
(AFC); [NI multiplex adapter output; built -in FM rod an- 
tenna; terminals for external ANI and I'M 
antennas; ".l\1," ',tiTERF.O :Ind "1' \1" 
function selector switch. 14 Ills. AJ -10 

$6.00 dn., $6.00 mo. 

FREE CATALOG 
Send for your copy today! . 

describes over 150 Heathkit 
hi -fi, ham radio, test, marine 
and general products. 

HEATHKIT ' QUALITY AND ECONOMY! 
HI -FI RATED 25/25 WATT 
STEREO AMPLIFIER KIT (AA -50) 
In one handsouu package. you ,get both stereo pomer and 
control. with a host or deluxe features. I ii -fi rated at .25 watts 
per 51.11.1) ch:inni'i ,Ott watts nt(nuphunic), this new l liathki, 
design includes channel separation control . . . new mixed 
center speaker output ... stereo reverse and balance control; 
. . separate tone controls for channel with ganged 
volume control:... five switch -selected inputs for each chan- 
nel (.stereo "tnag. phono. tape head, three 
hi- level). Extra input for mono "ut:tg. photo. 
six,. la! outputs lot tape recording. 3n lbs. AA -50 

$8.00 dn., $8.00 mo. 

YOUR "BEST BUY" IS HEATHKIT 'HI-FI! 

STEREO /MONO 
RECORD PLAYER KIT 
Four (16, i;, 4iand 
78 RP \I Sunotune ST. \-1 -`I) 
Cerantic'tet, ,e,u -tr idL;e. 1(111,. 

AD -10 ... $33.95 

MIXED LOWS STEREO 
CROSSOVER KIT 
I )divers stereo haas freynrnei, 
u single woofer: hi_li< tu ioili- 

Vi.lu;tl Wing speu ors. In I(, 
AN -10 $19.95 

TRANSISTOR 
PORTABLE KIT 
I'rernuu.ious Value: 
tor circuit.. Fun tu huile{' 
X R-2P (plastie 

II $29.95 

Just 10 ° DOWN ON ORDERS OF $55 OR MORE! 
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You r S u own rri rot ì rri E ri.1 oyrri G 

HEATHKIT ' ". . . FOR FLEXIBILITY and COMPATIBILITY! 
ECONOMY STEREO PREAMPLIFIER KIT (AA -20) 
A low-cost, versatile stereo prcamplilier control enter. l'our 
inputs each channel accept ntainette crystal or 
ceramic eartridq,: and tuner_ tap. T \. etc . '.is punition 
lunctïnn swith çiye IlrNible S:(1,() tir uwuopl-:ot,ic use. Fea- 
tures ((abode lolloyO r outputs plus hi -level outp-its for tape 
recorder drive, calibrated lias:uulall -type tone eanti-ols or 
each channel, ( lut( 11-1 pc volume controls. filament bal - 
:ut( t : ontl-o_s, and tee essor . .AC: sockets. Q/7 /`95 Sc1( -IS oared. Stylca iii Ir1ac'k :ntd (4olcl. $34 Sllp pct. ti 9bs. AA -20 

Now a complete 

PROFESSIONAL RATED 
35/35 WATT BASIC AMPLIFIER KIT (,tt .a -40) 
Ihnibl, a snp(rl, dtt;tl 5,[111 Stereo amp s. or a lìtll- 
lled5ed -n watt monophonic amplifier. 1.(.1r 's: mixed - 
channel center speaker output: individual l 1 controls; 
"Stereo-NI-ono" switch (tics both amplifiers to I level con- 
trol for monophonic use): dual outputs for I o and 32 
ohm speakers. P,it tllrlin auputs for -(I watt 
monophonic use matches 2. 4. 8 and l 6 $ ohm $ 
speakers. 41 lbs. AA -4( 

$8.00 do $8.00 mo. 

Mobile PA Sound System in easy- to- build,HEATHKI7 [form! 
MOBILE PA SOUND SYSTEM 
Perfect for political c:uupaii4ns. adsei tisimí. 57' ting events. 
Thy powerful amplifier operates from any 1.? ear battery. 
Features an al]- u:insistur cire ait: inputs for in aphone and 
music source. 'l'wo (harmel naizint circuit "fact auxiliary 
input when used with microphone supplied ... is you over- 
ride music wwitll voice without (li iii int; control , ttinss. Out- 
puts for S and lc, ohm speakers. "founts c: si under auto 
dash. lul,ile l'.A :Amplifier Kit (.A:A -811). il - $39.95 
COMMERCIAL SOUND SYSTEM (CSS -1) consists of 
.1A-8n .Atitplilìer: microphone: plyvmod (at t carrier: one 
lt, ohm. 13 watt nndoor spf.ak,-t. 2 -1 Iles... . .$84.95 
COMMERCIAL SOUND SYSTEM (CSS -2): - ne as above 
(>:t ept kith 2 speakers î1l ILS $99.95 
EXTRA HORN SPEAKERS (401 -38): As cl - ibecl above. 
Glla. $19.95 

SAVE 5O` i ... ON THE WORLD'S BEST QUALITY KITS 
www.americanradiohistory.com

www.americanradiohistory.com


1 MINk a s"bsid,ary of 

.DAYSTROM, INCORPORATED 

Buy The Best in Quality 
CITIZENS BAND TRANSCEIVER KIT 
(GW -10 Series) 
Superb 2 -way Citizens Band communication! Superhetero- 
dyne receiver may be switched to crystal control or continuous 
tuning. Featured are an automatic "series gate" noise limiter, 
to minimize ignition interference, etc.; and adjustable squelch 
control to silence receiver during '`standby." Press -to -talk 
microphone features a coil -cord connection to the transceiver. 
Transmitter is crystal controlled on any one of 23 assigned 
channel frequencies chosen. Order model G \V -10.A for 117 N.J. 

AC operation, and G\\' -10D for 6 or 12 v. 
DC operation: both have self -contained power 

95 $62 supply. 11 lbs. 
$ 2 GW -10A (117v. AC) or GW -10D (6 or 12 v. DC) ea. 

$6.30 dn., $6.00 mo. 

TRANSISTOR DEPTH 
SOUNDER KIT 
Shows depth. type of bottom and sub - 
merged objects from 0 -100 feet. Powered 
by h flashlight ce lk. 10 lbs. 
DS -1 $69.95 ($7 dn., $7 mo.) 

TIME PAYMENTS! 
Use H'eath's convenient time 
payment plan ... only 10% dawn 
on orders of $55 or more. 

At Half the Cost With Heath 
3 -BAND "MARINER '' TRANSISTOR 
DIRECTION FINDER KIT (DF -3) 
Priced far below pre- assembled units of comparable quailty, 
the DF -3 includes such important features as: 9- transistor 
circuit; 6 flashlight battery power supply; pre -assembled, pre - 
aligned tuning section; new modern styling; rugged aluminum 
splash -proof cabinet. Covers broadcast band, beacon and 
aeronautical band, and marine -telephone hand. Special 
"sense" antenna eliminates "double null" effect common in 
many direction finders. Circuit has high gain IF amplifier and 
audio output amplifier delivering up to 380 

5 $999 mw of audio power to the large 4" x 6" 5 
weatherproof speaker. 13 lbs. DF -3 

$10.00 dn., $9.00 mo. 

6 & 10 METER HAM 
TRANSCEIVER KITS 
Combined crystal controlled transmit- 
ters and variable tuned receivers. Oper- 
ate fixed or mobile. 10 lbs. 
HW-19 (10 meters) $39.95 ea. 
HW -29 (6 meters) (less XTAL) 

TRANSISTOR MOBILE 
POWER SUPPLY 
All- transistor! Provides plate, screen and 
bias voltages for mobile amateur equip- 
ment. 120 watts ICAS. 10 lbs. 

HP-10 $44.95 

EDUCATIONAL KIT 
First of a series ... designed to teach, as you build, 
the basic "yardsticks" of electronics. Consists of kit 
and text -workbook. Finished volt- ohm -milliammeter 
has many uses. 41ós. EK -1 $19.95 
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MUTUAL CONDUCTANCE 
TUBE TESTER KIT (TT -1) 
An impressive list of electronic and mechanical features make 
this tube tester one of the finest values in the electronics 
industry. Tests Gm (amplifiers) from 0 to 24,000 micromhos, 
Emission, Leakage, Grid Current (% microampere sensi- 
tivity), Voltage Regulators (built -in variable DC power 
supply), Low Power Thyratron and Eye tubes. Features 300, 
450 and 600 ma constant current heater supplies, Life Test, 
Hybrid Tube test, built -in switch- operated calibration circuit. 
Large, easy -to- meter. Constant tension, free rolling illumi- 
nated chart. Kit includes 7 wiring harnesses. Assembly skill 
of technician or higher recommended; assembly time, 40 
hours average. Black leatherette case with white trim, nylon 
feet, removable top. A specialized tool of un- 

lf X1349 usual value that will pay for itse many times 5 5 
over! 27 lbs. TT -1 

($13.50 dn., $12.00 mo.) 

send today for Your 

FREE HEATHKIT CATALOG 

Over 150 items of hi -fi, 

marine, amateur, test and general 

equipment are illustrated 

and described in the complete 

Heathidt catalog. 

in ......:.,, 
s.,_____ 

WORLD -WIDE, 
ALL BAND 
RADIO RECEWTION 

Ceramic IF "Ttensfilters" 
Five Bands 
Flashlight batte.y power 

10 TRANSISTOR "MOHICAN" 
GENERAL COVERAGE RECEIVER KIT 
First kit of its kind uses ceramic IF "Transfilte Covers 
550 to 30 me on 5 bands, with 5 separately cal:b:ated bands 
to cover amateur frequencies (including 11 meter citizens 
band). Powered by 8 flashlight batteries. $0995 Built -in 54" whip antenna, tuning meter, 
headphone jack. (less batteries) (20 lbs.) GC -1 

$11.00 dn., $10.00 mo. 

HEATH COMPANY, Benton Harbor 20 Michigan 

Please send the following HEATHKITS: 

ITEM MODEL NO. PRICE 

Ship via ( ) Parcel Post ( ) Express ( ) COD ( i Best Way 

( ) SEND MY FREE COPY OF YOUR COMPLETE DATA LOG 

Name 

Address 

City Zone_ State 
Dealer and export prices slightly higher. 
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AUDIO -HIGH FIDELITY 

HIGH -FIDELITY 

FM TUNER 

By HERMAN BURSTEIN and 
CHARLES B. GRAHAM 

ISO capture a good share of the 

TEST 
growing high -fidelity and tape - 
recorder service business, the serv- 
ice shop must have readily avail- 

able test facilities at its front counter 
to check out any component quickly as 
soon as it's brought in. This is more 
complicated than preliminary checking 

PANEL 
of radio or television receivers which 
are all -in -one units and usually require 
only an ac socket and perhaps an an- 
tenna. Too, the typical audiophile will 
less often settle for "good enough" than 
will other service customers. With a 
well arranged checkout station, the 
progressive service shop will not only 
be set up to perform first-rate audio 
work quickly, but also to impress the 
customer. 

The repair technician should be cer- 
tain that the customer agrees with him 
as to the trouble when the equipment is 

TURNTABLE brought in. If the technician checks the 
OUTPUTS unit right before the owner's eyes (and 

ears) and they agree on what's wrong, 
serious misunderstandings which might 
otherwise come up later can be avoided. 

If the front bench is not to be a 
clutter of components and cables, such 
a checkout station requires a carefully 
designed switching system through 
which components can be quickly con- 
nected in various combinations. 

A flexible and time- saving approach 
F to this problem has been developed by 

Sigma Electric Co.,* an experienced 
tape recorder and components servicing 
organization. Sigma has designed and 
installed a test panel out front at its 
customer service counter where sets are 

G accepted for repair. They also have a 
bench test panel at each of three repair 
technicians' benches back in the shop. 

GAIN These audio -component test panels rep- 
resent a careful approach which was 

SELECTOR worked out over a period of several 
H years. Examination of the details of 

the test panels will suggest useful 
variations to many technicians doing 
test maintenance, and repair of tape 
recorders and audio components. 

Fig. 1 shows the test panel behind 
DI STRIB the customer counter. It's a standard 
AMPL 

'4 92 '1,1.100 !4 

BASS 

TREBLE 

J3 

J2 
JI 

11 E. 16 St., New York 3, N. Y. 

Fig. 1-Audio test panel at the counter. Counter 
jacks in box at lower left connect under counter 
to color -coded jacks ou test panel. A- external 
speaker, ll- external ampli tier output, C- 
high-Z input, D- straight- through input, E- 
niagnetic phono or tape input, F-color-coded 
jacks from counter, (: -3 sets of paralleled 
jack., H -tape head input, I- magnetic selec- 
tor, J1-cathode follower output of distribu- 
tion amplifier, J2- monitor, J3- distribution 
amplifier input. 

RADIO-ELECTRONICS 
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Fig. 2 -Jack boxes (rear of counter 
unit) accept cables to connect gear for 
counter checking. Box jacks parallel 

test panel jacks behind counter. 

19 -inch rack holding four panels. The 
counter is clear except for three ad- 
jacent jack boxes (Fig. 2) wired so 
that each of the five color -coded jacks 
in each box is paralleled to correspond- 
ing jacks in the other box and con- 
nected to similar color -coded jacks on 
the test panel behind the counter with 
short runs of low- capacitance two -wire 
shielded cable. (Note that there are 
only 5, not 15 color -coded jacks on the 
test panel itself, since the three jack 
boxes are paralleled.) 

When a piece of equipment such as 
an amplifier, tape recorder or preamp 
control unit is brought in for repair, it 
is placed on the counter and plugged 
to one of the bench jack boxes with a 
patch cable. A number of these patch 
cables are always stored, loosely 
plugged into unwired storage jacks in 
the top section of the test panel. These 
patch cables have a standard telephone 
plug at one end, and either a telephone 
plug, RCA phono plug, or some other 
standard connector at the other end. 

Since the jacks in the counter jack 
boxes, the jacks on the test panel (con- 
nected to counter jacks) and the phone 
plugs on the patch cables are all color - 
coded, the technician can use these 
colors as ready identification to keep 
connections straight. In addition, two 
(or, under some conditions, three) 
pieces of equipment can be counter 
tested at the same time. 

Test panel 
Fig. 1 includes labels for the parts 

of the test panel showing the jacks and 
facilities of each of the four rack 
sections. At the top is the FM tuner 
and two vertical rows of nonconnected 
storage jacks. These are simply holders 
for patch cables not in use. 

The FM tuner is the main signal 
source for the shop and for the counter. 
The output of the tuner is fed through- 
out the shop via a distribution amplifier 
which is at the bottom of the test panel. 
Since this FM tuner runs continuously, 
it must be sturdy and drift -free. 

The second rack panel from the top 
holds a phonograph turntable and the 
test panel jacks which connect to the 
jacks on the counter. These jacks are 
color -coded with spots of quick -drying 
enamel to match the ones on the counter. 

The arm used with the turntable has 
a removable shell with a high- quality 
cartridge for playing LP's. Three extra 
shells are kept ready, one with a ce- 
ramic or crystal pickup, and two empty 
shells with small alligator clips for test- 
ing the occasional phono pickup car- 
tridge which is brought in for check- 
ing.t 

Two phonograph output jacks are 
paralleled out at the top of this second 
rack panel section. One makes the 
phono signal available for counter test 
of amplifiers; the other provides any 
desired phonograph material to the 
repair bench locations in the shop (by 
patching it to the input of the dis- 
tribution amplifier), without taking the 
phonograph turntable out of front 
bench testing use. This panel section 
also includes pilot lights, fuse and 
switch for the turntable. 

The third section of the test panel 
has nine jacks grouped so that three 
sets of three jacks each are paralleled. 
They are used to parallel outputs or 
inputs without using external multiple 
connectors. 

to test record made by Components Corp., 
Denville, N. J., has 1,000 -cycle tone recorded 
at high level both at its outside and near its 
center. Playing this disc, "How's Your Stylus ?," 
can reveal stylus condition. This material has 
also been released by Urania Records, Belleville, 
N. J., and Lafayette Radio, 165 -08 Liberty Ave., 
Jamaica 33, N. Y. 

AUDIO -HIGH FDELITY 
The third panel section of the test 

panel also mounts a standard high - 
fidelity amplifier combining on one 
chassis the preamplifier, control unit, 
and power amplifier modified for this 
application. 

The gain, treble, bass and nigh -fre- 
quency scratch filter controls are con- 
ventional, but the selector sa itch has 
been modified to allow choice of either 
of two high- impedance inputs or one of 
four (different equalization curves) 
magnetic phono positions. These modi- 
fications include wiring five phone jacks 
on the front panel. Independe -it access 
to the loudspeaker is through closed - 
circuit jacks wired as shown in Fig. 3. 

The three lower right -hard jacks, 
C, D and E, are inputs for high im- 
pedance (medium level), ''straight - 
through" (low gain and no ' one con- 
trols) and magnetic phono (pickup) or 
tape head, respectively. The left -hand 
jack, A, is an output jack, making avail- 
able the output of the amplifier for 
testing external speakers. The next 
jack, B, connects only to the system 
loudspeaker (not shown). Jacks A and 
B are closed- circuit jacks con lected as 
shown in Fig. 3 so that the amplifier 
feeds directly to the system lot dspeaker 
except when one of the two jacks, A or 
B, is plugged into. 

The output transformer of the power 
amplifier has several outpu. impedance 
taps which are selected by the switch 
above jack A. 

The "straight- through" input is par- 
ticularly useful for demons rating that 
it is the equipment under heck which 

OUTPUT Z 250 -500J1 2 SETS PARA- MONITOR DIST AMPL 
SELECTOR OUTPUT LL EL JACKS SPEAKER (TUNER) OUTPUT CI 

GAIN 

INPUT 
SELECT( R 

TAPE HE 11) 

INPUT 

MAGNETI: 
PHONO 
INPUT 

MAGNET C- 
XTAL -TA PE 

SELECT )R 

=F 

LOW -Z AMPL MONITOR SPKR TREBLE TUNER I 2 
OUTPUT JACK BASS INPUT HI- Z INPUT 

External amplifier and external speaker jacks shown it 
direct, normal position. Either a loudspeaker or an ampli 
fier may be plugged into these jacks for rapid checking 

J U Ll`, 1 960 69 
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FIND TUBE TROUBLES OTHERS MISS ! 

A 

New 

Dynamic 

Approach 

Check over 
1300 tubes for 

Cathode 
Emission 

Grid 
Emission 

Leakage 

Shorts 

Gas 

SENCORE " MiF-1Y/MiTE " TUBE CHECKER 

Answers the needs of the fast moving, profit minded service- 
man who hates time consuming call backs. A "mite" to carry 
but a whale of a performer with more efficiency than testers 
costing much more. 
New unique circuitry tests for grid emission and leakage as high 
as 100 megohms yet checks cathode current at operating levels. 
Special short test checks for shorts between all elements. The 
MIGHTY MITE will test every radio and TV tube that you 
encounter (over 1300!) plus picture tubes. Set up controls as easy 
as "A B C D" from easy to follow tube chart. New tube charts 
provided free of charge. 
AND check these added Sencore servicing features: Meter glows 
in dark for easy reading behind TV set Stainless steel mirror in 
cover for TV adjustments Rugged, all steel carrying case and 
easy grip handle Smallest complete tester made. 
Model TC109 DEALER NET 55950 

Use it everyday in every 
way. Especially designed 
so you can transfer in- 
ner chassis to your tube 
caddy, bench or counter. 
Only 9" x 8" x 

Ask your distributor for the "MIGHTY MITE" with the mirror in the cover 
ALL PARTS 

SF CORE' 
í 

MADE IN AMERICA 

S E N C O R E 
ADDISON 2, ILLINOIS 

STAMP OF APPROVAL 
A mail -order tube advertisement in RADIO -ELEC- 
TRONICS is its own stamp of approval -your as- 
surance that you will get what you pay for when 
you order. Since January, 1956, RADIO -ELEC- 
TRONICS has insisted that mail -order tube adver- 
tisers tell you that their tubes are new and unused, 
or, if they're not -that they are seconds, rejects 
or otherwise imperfect. Over the years this has 
cost us thousands of dollars in advertising -but it 
has protected you. 

AUDIO -HIGH FIDELITY 

is at fault, and not the test panel itself. 
This position also prevents cascading 
the panel tone controls after the con- 
trols on the amplifier or recorder. 

The distribution amplifier serves a 
double purpose. First, it feeds the FM 
tuner to shop locations in such a way 
that shorts occurring at one bench in 
the shop will not short out the rest of 
the system. Second, it makes the FM 
signal available at the front counter 
for checking customer equipment. As 
shown in simplified form in Fig. 4, it 
consists of a stage of voltage amplifica- 
tion followed by eight cathode -follower 
outputs. Seven of these outputs feed 
the primary signal to the shop locations. 
The eighth is connected to output jack 
J1 on the front panel of the distribution 
amplifier. Output jack J2 (for phones) 
is permanently connected to the VU 
meter and eight -position switch for 
monitoring the signal going to each 
shop location. The eight- position switch 
allows checking each shop location 
from the front panel for proper audio. 
The indication that all is well is ob- 
tained on the VU meter, which is also 
used to set the outgoing signal to a 
predetermined satisfactory level. J3 is 

OUTPUT TRANS OF TEST 
PANEL PWR AMPL 

ir Q130L1 
IOW 

DUMMY LOAD RES 

EXT AMPL 

EXT OUTPUT(B) SHOP 
SPKR(A) SPKR, 

Fig. 3 -Bench panel is one of three at 
repair benches for troubleshooting, re- 
pair, and calibration of recorders and 
components. Due to gradual develop- 
ment this panel has a few extra jacks not 
required in a new panel. Similar to main 
test panel at front of shop, repair bench 
panels allow more precise measurement 

and test procedures. 

an input jack, which permits any other 
signal source to be fed into the dis- 
tribution amplifier. This jack is a break 
type, so the insertion of a phone plug 
interrupts the normal connection from 
the FM tuner. 

The distribution amplifier front panel 
also contains pilot lights, power switch 
and fuses for both ac and B -plus. 

Bench panels 
At each of three repair benches there 

is a bench panel (photo, p. 69) with a 
complete amplifier, including controls, 
preamplifier and a variety of jacks and 
switches for the convenience of the 
repair technician. This bench panel is 
capable of accomplishing most of the 
functions which the main test panel can, 
(out front at the customers' counter) 
and also provides several facilities not 
available at the front -of- the -store panel. 

The bench panel has five controls. 
Four of them are conventional controls, 
bass, treble, volume and input selector 
(tape head, magnetic or crystal -ceramic 
dies pickup, tuner and other medium - 
level signals) while the fifth control is a 
selector for choosing various output 
transformer taps. There is a closed- 

70 RADIO -ELECTRONICS 
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AUDIO -HIGH FIDELITY 

circuit jack marked "speaker" which 
the technician may plug into should he 
wish to use the bench speaker which is 
normally driven by the bench panel 
amplifier. This would be useful in test- 
ing a customer's amplifier. 

The bench panel has a jack which 
makes the output of the bench panel 
amplifier available for testing the cus- 
tomer'=s speaker or the built -in speaker 
of a tape recorder, portable phonograph 
or other complete unit. 

The bench panel also has three jacks 
which make a pad available for re- 
ducing the line output by specific 
amounts (35 and 50 db) for checking 
low -level high -gain channels such as 
microphone or tape- recorder preamps. 
There are three paralleled jacks which 
are the output of the distribution ampli- 
fier (main test panel out front). They 
are paralleled so the technician may 
use that program for more than one 
purpose at a time. 

Finally, there are two sets of paral- 
leled jacks, three per set. These make 

VOLT 
AMPL 

INPUT 

J3 

B+ 

FROM FM TUNER 

8+ 

o 
8+ 

o 
8+ 

e 
JI 

OUTPUTS 
U 

J2 

TO OTHER FOUR CATH 
FOLLOWERS SERVING SHOP 

VU METER 

Fig. 4 Sinrplifird ,.heniatie of distri- 
bution amplifier. Consult text. 

it convenient to plug patch cords 
through the parallel jacks for making 
connections. This eliminates many of 
the universal adapter cords otherwise 
necessary for patching up temporary 
test setups, and provides a much neater 
way of plugging things together. It also 
helps keep the bench clear. 

There's also a 1,000 -cycle test tone 
signal at about 1.5 volts available at 
one of the jacks. This tone comes from 
the main test panel, too. 

In addition to these controls and 
jacks, this bench panel has an on-off 
switch and a pilot light. In the photo- 
graph shown there are 21 jacks and 6 
controls. Without sacrificing much flexi- 
bility, there could have been as few as 

JULY, 1960 

Transistor Radio Servicing 
CAN be Highly Profitable 

The ONLY Complete Transistor Radio Service Leib 

Everything you need for less than $50 

Check Transistors. Diodes. Rectifiers ... 
SENCORE TRC4 TRANSISTOR CHECKER 

Accurately checks all transistors in hearing aids, 
radios and power transistors in auto radios. Tests 
for opens, shorts, leakage, current gain. Measures 
forward- reverse current ratio on all crystal diodes. 
Measures forward and reverse currents on selenium 
rectifiers. With set -up chart for accurate checking 
of each transistor. Size, 5x41/2x21/2 ". With 
batteries. DEALER NET 995 

Replace Batteries During Repair . . . 

SENCORE PS103 BATTERY ELIMINATOR 
All -new "Transi- Pak," twin to TRC4 Checker 
above. Provides variable DC voltage to 24 volts; 
1.5 -volt biasing tap ( a "must" for servicing Philco 
and Sylvania radios). Metered current output, to 
100 ma. Handles 200 -ma peaks. Two 200 -mfd 
electrolytics provide proper filtering and low out- 
put impedance. No hum or feedback problems. 
Ideal for alignment using station signal; adjust IF 
slugs for max. current, also ideal for charging 
nickel- cadmium batteries. Size, 5x41 /2x21/2" 
DEALER NET 9+35 

Find Defective Stage in a Minute ... 
SENCORE HG104 HARMONIC GENERATOR 
New signal generator designed primarily for fast 
signal- tracing of transistor radio circuits. No need 
to unsolder all transistors. Provides RF, IF and 
audio signals simultaneously, drastically cutting 
service time. Traces from speaker to antenna. Clear 
1000 cycle note signal is heard in speaker from all 
good stages. Signal weakens or stops at defective 
stage. Equally as effective for testing TV, hi -fi and 
other audio circuits also. Size, 31/2x41/2x13/4 ". 95 
With batteries. DEALER NET 9 

ALL PARTS 

Turn page fo o her 

SENCOJi 
'V 

Time Say tr, 

U 
MADE IN AMERICA 

ADDISON 2, ILLINOIS 

SERVICEMEN KNOW! 
Here they pay less and get the best 

HUSH ® 
Chemically -Electronically, engineered for Tuners 

and Switching Mechanisms. 
When New HUSH is applied it will wash -away that dirt, leaving 
clean and positive contacts protected by a lasting lubricant. New 
HUSH is made from the finest solvents and it contains Electro- 
Silicone oils. 

Also available -2 oz., 1 1 
8 oz., 32 oz. containers 6 oz. Spray can $2.25 net 

EVER - QUIET ® 
Since 1949 

VOLUME CONTROL AND CONTACT RESTORER 
EVER -QUIET is a free -flowing liquid that leaves no powder resi- 
due. Scientifically designed to seep around the shaft and pene- 
trate the control or potentiometer, cleaning the contacts and 
leaving a safe protecting film. Harmless -to metals, wire or 
carbon. 

Also available - 
32 oz. containers 6 oz. Spray can $1.59 net 

2 oz. Bottle & dispenser 79c net 

CHEMICAL ELECTRONIC ENGINEERING, INC. Matawan, Nit Jersey 
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Substitutes FOR ALL ELECTROLYTICS 

without Arc or Spark! 

FECTo.. 

SENCORE ES1O2 

What more can you ask for? The Electro -Sub 
not only saves time for any serviceman, engi- 
neer or experimenter but insures maximum pro- 
tection too. Simply select the electrolytic, con- 
nect test leads and push surge protector switch. 
How many times have you reached for an 
electrolytic for substitution to find that value or 
voltage rating missing? 
How many times have you wanted a value just 
a little higher to see if you could knock out 
annoying hum? 
How many times have you had sets that blow 
fuses, fuse resistors or rectifiers and you did 
not check all electrolytics because it was too 
time consuming? 
Have you ever healed a suspected electrolytic 
by "bridging" it and made a call back that 
same week on the same trouble? 
Have you ever grabbed an electrolytic that you 
thought was discharged or watched a customer's 
dismay as you discharge one? 
Well, here is your answer ... from the smallest 
electrolytics used in transistor radios to the 
largest used in costly Hi -Fi amplifiers ... 
complete, safe substitution. 
ES102 DEALER NET 1595 

ALL PARTS 

MADE J .4 AMERICA 

Complete range of 
electrolytics -4 to 350 
MFD. Connect in any 

circuit from 2 to 450 V. 

ELECTRO - SUB 

AUTOMATIC 
PROTECTOR 
for you and 
the circuit 

DISCHARGE CHARGE SUBSTITUTE 

It does all this by merely 
pushing surge protector 
switch. Move it as fast as 
you want; it is smooth and 
returns automatically. 

You'd pay more for just the 
parts than you would for the 
complete ES 102 ... amazed? 
See your parts distributor. 

S E N C O R E 
ADDISON 2, ILLINOIS 

What articles would you like to see published in 

RADIO -ELECTRONICS? 
Maybe you're the man to write them. Ask for an author's guide. 

RADIO- ELECTRONICS 154 West 14th St. New York 11, N.Y. 

CATALOG OF 
HI -F1, RADIO, TV 

PARTS & ACCESSORIES - 
yowte jaw lice 444 r9 

ELECTRONICS MFG. CORP. re 44 CHURCH ST. BALDWIN, N Y. 
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DIV MAIL ORDER HI -FI -1111lri. 

You can now purchase all your 111 -FI from one 
reliable source and be assured of perfect delivery. 
t'arsron makes delivery from NY stock on most 

Recorders and tape within 24 hours. SEND 
US A LIST OF YOUR HIFI REQUIREMENTS 
FOR OUR WHOLESALE QUOTATION and our 
FREE whole -ale catalogue. 

C A R STO N STUDIOS New YDrk 
E. 

88. Y. 
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15 jacks and 5 controls. They are here 
because of special circumstances in the 
construction of this particular bench 
panel, and are not included in the other 
two panels. 

Underneath the front bench are 
screw -in circuit- breaker type fuses for 
the ac lines. Although these cost a little 
over a dollar apiece, they save time and 
expense, considering the number of 
shorts occurring in customer equipment. 

Cables 
Two kinds of cables are used for 

access to the test panel, patch cables 
and adapter cables. The patch cables 
have a phone plug at each end and are 
used to make connections between the 
various jacks on the test panel. Five 
of these patch cables are color -coded to 
correspond with the colored counter and 
panel jacks, and one end of each patch 
cable is left in the panel jack of the 
same color. 

The adapter cables allow the cus- 
tomer's equipment to be plugged into 
counter jacks. One end of each cable 
has a 3- circuit phone plug, while the 
other end may have any one of a num- 
ber of connectors required to make 
connections to equipment brought in 
for service. Sigma's adapter cables in- 
clude those terminating in an RCA 
type phono plug, in a Cannon plug such 
as used in certain professional tape re- 
corders, in a pair of alligator clip leads, 
in banana plugs, in a five -prong speaker 
plug, in a six -prong speaker plug, in a 
plug fitting an octal socket and in pin 
tips. All unbalanced connectors have 
separate grounded shields available 
with alligator clips attached. 

Miscellaneous other cables are kept 
on hand. These include a twin lead with 
a plug fitting the bench TV socket at 
one end and a clothespin connector (for 
screw terminals) at the other; an 
adapter cable for TV purposes, with a 
plug fitting the bench TV socket at 
one end and a socket matching a wall 
type TV antenna plug at the other; 
TV cheater cords; an ac extension cord 
with a small molded ac socket such as 
used in several brands of tape recorders, 
and an ac cord with a standard ac 
plug at one end and well insulated 
alligator clips on the other. 

Typical test setups 
To clarify the use of the test panel, 

the counter jacks and various cables, 
let's consider several typical instances 
in which a piece of audio equipment is 
to be checked. 

Assume that a customer brings in a 
record changer which produces no 
sound. The cable from the changer 
terminates usually in an RCA phono 
plug. A Switchcraft adapter, combining 
a phono socket and phone plug, permits 
the cable to be plugged into one of the 
counter jacks, say the black one. The 
changer has a ceramic cartridge. The 
black patch cable is connected from the 
black panel jack to the input jack 
marked High Level 1 on the control 
power amplifier. 

The technician makes certain that the 
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function switch is in position 1, so that 
this input is operative. Thus the record 
changer is connected to the control 
power amplifier and, in turn, to the 
shop speaker. A record is taken from a 
rack, put on the changer, and the test 
is on. If there is indeed no sound, the 
technician makes a quick check of the 
cable connection by pulling out the 
Switchcraft adapter from the bench 
jack, which should produce a click. 

Assume that a tape recorder is 
brought in, one of the usual home 
variety with a self- contained power 
amplifier and speaker. This requires 
only a signal source. One of the color - 
coded patch cables, say the white one, 
is connected from the white panel jack 
to output jack 1 on the distribution 
amplifier, which provides the FM tuner 
signal. In turn, an adapter cable is con- 
nected from the white counter jack to 
the radio (high -level) input of the tape 
recorder through a suitable cable, thus 
feeding in the FM signal. A reel of 
tape and an empty reel are taken from 
a rack and placed on the tape recorder, 
a recording is made, and the tape is 
then played back, providing a check of 
the machine's performance. If the com- 
plaint concerns only the playback per- 
formance of the recorder, then a pre- 
recorded tape is played on the machine. 
However, this does not involve the use 
of the test panel. 

At this point it may be brought out 
that both customers just described could 
be served simultaneously inasmuch as 
the record changer is feeding a signal 
into the test panel and shop speaker, 
while the tape recorder is being fed a 
signal from the test panel. If a third 
customer came in with a tape recorder, 
he too could have his equipment checked 
at the same time without having to wait 
for the panel facilities to be released. 
Although this is an unlikely situation, 
it illustrates the versatility of the test 
panel. The third customer's tape re- 
corder would receive the FM signal in 
the same manner as the other recorder. 
except that another set of counter and 
panel jacks, say red, would be used, 
and the FM signal would be picked up 
from output jack 2 of the distribution 
amplifier. 

Assume that a customer brings in a 
professional tape recorder, one with 
separate record and playback heads and 
which does not have its own power 
amplifier and speaker. In this case, 
the testing requires both a signal fed 
into the machine and an amplifier for 
the signal fed out of it, bearing in mind 
that a three -head recorder permits 
simultaneous record and playback. A 
patch cable, say yellow, would connect 
the yellow panel jack to J1 (or J2) of 
the distribution amplifier to pick up 
the FM signal. The FM signal would 
then be fed from the yellow counter 
jack to the recorder by an adapter 
cable. The recorder output would go via 
an adapter cable to, say, the green bench 
jack, and then from the green panel 
jack via patch cable to one of the high - 
level inputs of the control power am- 
plifier, say jack C, thereby feeding the 

JULY, 1960 

Spät in a flash... 
FAULTY CAPACITORS 
AND RESISTORS 

A complete range of capacitors 
and resistors at your command. 

SENCORE HANDY 36 SUBSTITUT' N UNIT 

Serviceman ... Engineer ... Experimentor . . . 

here's a unit that really saves you time. The 
Handy 36 provides the 36 most often needed 
capacitors and resistors for fast, on the spot 
substitution. The 12 position, 3 wafer switch 
individually selects one of the 36 components. 
You simply dial the value you want to the exact 
or closest reading. Substitution is still the only 
time tested method for determining whether or 
not a component is faulty while operating 
in circuit. 
Eliminate time wasted in hunting for parts to 
use in testing. Say goodby to the soldering mess 
created by substituting individual components. 
Put an end to the twisted wires and messy parts 
you've tossed in parts drawers. 
The Handy 36 is simple to use. If a component 
is suspected of being shorted, open one end and 
substitute the Handy 36. Or, merely parallel 
any capacitor or resistor you think is open. 

Model H36 DEALER NET 1275 

The Handy 36, with new improved 
circuitry, pays for itself n the first 
month by saving you hose val- 
uable minutes. The pari; lore in 
the H36 would cost you note ùhan 
the completed unit. 

Ask any parts distributor for the "Handy 36 ", accept no substitute. 

ALL PARTS 

MADE CN AMERICA 
ADDISON 2, ILLINOIS 

E 

TV TUNERS OVERHAULED 
ALL 

MAKES 
AND 

MODELS 

A'S 
W4.4 aANTY 

UHF VH 519.90 

SAME DAY SERVICE 
ON POPULAR TYPES -48 HOURS ALL OTH' Rs 

Overhaul charge includes labor and minor parts t Ales and 
major parts are extra at net prices. 
Tuner to be overhauled should be shipped comp eh include 
tubes, shield cover and any damaged parts. C uate model 
and state complaint. Pack well and insure. 

WE WILL SHIP C.O.D.- F.O.B. CHICAGO OR TO Cr.TC' 

ems« let clisoteit Cif 
136 MAIN ST. C.>NADA 5710 N. 

CHICAGO 
WESTERN U.S.A. TORONTO 13 
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By far the BEST VALUE obtainable in 
either wired or kit form ... compare and 
you'll agree "THE BEST BUY IS EMC." 

a 
14.12333433 

00 1 
EMC Model - 211 Tube Tester - The smallest, lowest 
priced, domestic made tube tester on the market. It is 
completely flexible and obsolescent proof. It checks 
each section of multi -purpose tubes separately, checks 
all octal, loctal, 9 prong and miniature tubes for shorts, 
leakages, cpens, intermittents as well as for quality. 
Quality is iidicated directly en a two color meter dial 
using the standard emission test. Comes complete with 
instructions and tube charts in ring bo.ind manual. 
Size 63/4" x 51" x 21/4" deep. Shipping weight: 3 lbs. 
Wired $22.90 Kit $14.90 
CRT Picture Tube Adapter $ 4.50 

EMC Model 109 - Volometer- Features 20,000 OHMS 
volts DC sensitivity and 10,000 OHMS per volt AC sen- 
sitivity. Uses a 41/2, 40 microampere meter, with 3 AC 
current ranges, and 3 resistance ranges to 20 megohms. 
5 DC and AC voltage ranges to 3000 volts and 3 DC 
current ranges; also 5 DB range. 
Model 109 - With carrying strap, Weight 2 lbs. 5 ozs.; 

Size: 51/4" x 63/4" x 2P /e" $26.95 
Model 109K - Kit Form 19.25 
Model NVT -- 30,000 Volt Probe for Model 109 7.95 

EMC Model 107A -- Peak to Peak Vacuum Tube Volt - 
Ohm Capacity Meter - 6' meter cannot turn out - 
entirely electronic. Measures peak to peak AC voltages 
to 2800 volts in 6 ranges. Measures capacity in 6 
ranges from 50 mmfd to 5000 mfd. Measures resistance 
in 6 ranges from .2 ohm to 1000 megs. Measures DC 
volts to 100e volts in 6 ranges. Input resistance to 
16.5 megs. Wired $51.40 Kit ......... $36.50 

Yes, tell me more, send me FREE a detailed 
catalog of the Complete EMC Line. RE -76 
NAME 

STREET 

CITY STATE 

EMC Electronic Measurements Corp. 
625 B'way, New York 12, N. Y. 

E.X. Dept., Pan-Mar Corp., 1270 B'way, New York 1, N.Y. e...-- -- == = = = = - --- 
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recorder's signal into the control -power 
amplifier and then to the shop speaker. 

As a final example, let us say that 
a customer brings in a power amplifier 
for a checkup. Again this requires a 
signal and an amplifier. An adapter 
cable connects the input of the power 
amplifier to, say, the black counter 
jack, and the black panel jack is con- 
nected by patch cable to distribution 
amplifier output (J1). The output of the 
power amplifier is connected by an 
adapter cable to, say, the white bench 
jack, and the white panel jack is con- 
nected by the white patch cable to jack 
B of the control power amplifier, 
marked "loudspeaker." When the phone 
plug of the patch cable is inserted into 
jack B, the customer's amplifier re- 
places the test -panel power amplifier, 
as was shown at bottom of page 69. 

This test panel has met the challenges 
of time and use. It has proven itself a 
rapid, flexible means of checking equip- 
ment both before and after repair. It 

also impresses customers with the fact 
that they are dealing with an efficient, 
capable service organization. 

Although the test panel is not over- 
elaborate in view of the volume of 
customer traffic handled, still it might 
well exceed the needs and budget of the 
small shop. However, there is much that 
can be done to cut down the test panel 
and associated elements in size and 
cost without losing basic advantages. A 
substantial reduction can be effected by 
eliminating the distribution amplifier 
and feeding signals directly from the 
FM tuner to the control power amplifier 
via one of the latter's high -impedance 
inputs. The number of bench panels 
can be reduced from three to one. The 
colored -coded bench jacks and panel 
jacks can be reduced from five to three. 
The phono outputs can be reduced from 
two to one. And so forth. Despite these 
economies, the test panel will prove 
itself a profitable tool for the high - 
fidelity service shop. END 

FM MULTIPLEX IN ENGLAND 
FRoM the research laboratories of 

Mullard Radio in Great Britain comes 
another system for FM stereo multi- 
plexing- putting two channels of audio 
information on one FM transmission 
channel. It claims one important ad- 
vantage -the FM receivers used to 
pick up the program material are only 
slightly more complex than standard 
sets. Of course, they do require a sec- 
ond audio amplifier and speaker. 

The Mullard system was developed 
by G. D. Browne and is completely com- 
patible with existing FM transmission. 
A monaural set tuned in to the new 
system gets a first rate monaural FM 
program. On the other hand, a stereo 
FM receiver also gets a good monaural 
program when tuned in to standard 
broadcasts. 

The stereo system is described as a 
two -channel pulse -amplitude time -mul- 
tiplex arrangement. It works by coding 
the two channels of stereo information 
just before the transmitter is modu- 
lated. 

A sampling oscillator produces a 
32.5 -kc sinewave which divides into two 
sine -wave outputs that are out of phase. 
These outputs are fed through a half - 
wave rectifier to produce two sets of 
pulses -one set for the right channel 
(A) the other set for the left channel 
(B) . These pulses are modulated by 
the audio signal in their respective 
channels and give us the waveforms 
shown in Figs. 1 -a and 1 -b. Next these 
two sets of modulated pulses are com- 
bined to form the signal shown in Fig. 
1 -c. As a final step before being sent 
on to modulate the transmitter, sync 
pulses are added as in Fig. 1 -d. 

The receiver, of course, has the task 
of separating the two signals to form 
the two stereo channels. First, the in- 
coming signal is detected in the usual 
manner, resulting in a signal that looks 
like Fig. 1 -d again. The sync pulses 

which were added to the signal JUSI 
before transmission phase lock a 32.5 - 
kc oscillator that separates the A and 
B signals and passes them on to their 
respective audio amplifiers. 

The result of this process is a good 
stereo FM program. Crosstalk between 
channels is 45 db down, insuring com- 
plete separation between channels. 
This is especially useful in countries 
where the two channels might be used 
to carry the same program, but in dif- 
ferent languages. 

Existing receivers can be easily mod- 
ified for use with the Mullard system. 
The set is used as is, up to the output 
circuit of the audio detector. At this 
point two tubes (a triode and a duo - 
pentode) are added. The triode is used 
as the receiver's 3.2.5 -kc oscillator while 
the dual pentode forms the decoder cir- 
cuit. The pentode outputs are con- 
nected to the audio amplifiers that drive 
the two stereo speakers. 

Mullard claims clear -cut stereo with 
a frequency response up to 15,000 cycles 
in both channels, low cost, and most im- 
portant, complete compatibility. END 
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YID TrXI. 
enjoy it -and profit from it too, 

with choice tidbits like these in 

next month's 

RadioIlectronk 
A treasure trove of electronica. , 4.8 

Build the Super -8 Transistor Radio 

Ra iofjtronics 
EVISI SCRVIC,In - HIGH 110E1 Ill, 

Get Special EtIecls 
with 

Your Tape Recorder 

Caio; TV Trembles- 
set et station? 

Handy Transceiver 

for Citizens Band 

New Kit Ac Warn 
Thinks far Itself! 

Building the Super Eight Receiver 

How to build an 8 -tube transistor receiver that's 
not a midget. This sweetheart uses a 6 inch speaker 
and will outperform most table sets. Good looking 
too - you'll enjoy -eading about - and maybe 
building -it next month. 

Handy Transceiver Covers Citizens' Band 

Citizens' band communication is catching on like 
ice cream at a Surday school picnic. Here's an 
ingenious little transmitter- receiver using transist- 
ors in receiver and audio portions - tubes in the 
transmitter. You'll love the simple switching 
arrangement. 

There's something here for the 
service technician, the industrial 
technician, the engineer, the 
hi-fiteer, the serious experimenter, 
the student and the teacher. 
Articles to build from, articles to 
learn from, articles to work with, 
articles to think about, articles 
like... 

Missile Control and Guidance - 
By Marvin Hobbs. A thrilling and enlighten- 
ing look at what goes on behind the launch- 
ing pads. A countdown on the problems met 
in directing a missile to target. Explains 
several methods in detail including homing 
on heat or other radiation and direction by 
signals sent out from home base -or the 
miss le itself. A fascinating feature you 
won't forget! Special Effects with 

Your Tape Recorder 

Raise your social batting av rage. 

One trick here will definitely ake 
you the life of the party of r c r the 

most popular guy in the nei; oor- 

hood. Gives you some inside tips 

on making multi -track recc ling, 
working with a slide projects? and 

producing reverberations and 

echoes. Lots of fun. 

Plus many, many more articles in addition to the standby regular department 

WARNING! Subscription rates going up in October... 
better ACT NOW AND SAVE. 

JULY, 1960 

DON'T MISS THE AUGUST ISSUE - on sale July 26...Te I your 
dealer to save you a copy now or - make se e you 
never miss another issue, subscribe now. 

$4 one year $7 two years $10 three years 
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This new 

BOGEN 
GUIDE -BOOK 

tells you how 
to cash in on the 

profitable commercial 
sound market in 

PA and INTERCOM 

_._- ';eCing$tat4ed _ 
In the 

:,undand IntNn, 
F Kiehl 

"GETTING STARTED IN SOUND" 
16 pages, packed with valuable information, 
advice, answers to all your questions -dis- 
cusses qualifications required - how much 
capital it takes - costs of operation - and, 
most important, how to get started on a 
modest investment. This guide book also tells 
you how to obtain ... 

VALUABLE FREE SALES KIT 
TO HELP VOU IN THE FAST 
GROWING SOUND BUSINESS 

FREE sound sales kit con- 
tains sales literature -sample 
solicitation letters -job quo- 
tation forms - technical and 
installation data -product 
specification sheets -mer- 
chandising ideas. 
You will also receive addi- 
tional free material from time 
to time. And if you are not 
already dealing with a Bogen 
Sound Distributor we will 
also put you in touch with one 
to serve as your local supply 
source. 
This valuable sales kit will be 
furnished to you when you 
send in the special card in- 
cluded in each copy of "Get- 
ting Started in Sound." 
THIS MAY BE the very opportunity you have 
been waiting for. Don't miss it! Visit your 
local Bogen Sound Distributor for your copy 
of "Getting Started in Sound." It will be the 
best 25c investment you ever made. If your 
distributor has not yet received his supply 
or is sold out, use this convenient coupon. 
Enclose 25c in coin, and a copy will be mailed 
to you directly. 

BOGEN -PRESTO, PARAMUS, NEW JERSEY RE -T 

Yes, I am interested in earning more 
money in sound systems, so please send 
me "Getting Started In Sound" by re- 
turn mail. I enclose 25c in coin. 

NAMF 

ADDRESS 

CITY TONE -STATE 
Look to Bogen- Presto 

for the big profit opportunities in sound 

® BOGEN- PRESTO PARAMUS, NEW JERSEY 
A Division of the Siegler Corporation 
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IK C3 C4 

LI L2, L3, L4- Selsyn windings: 
L4 is the field and LI, L2, L3 
are armature windings (see text) 

C2, C3, C4, LS- Determine speed of motor. Com- 
mon wire for LI, U and L3 is internal connection 
and selsyn must be disassembled to retrieve it. 

Fig. 6- Three -phase power supply drives surplus selsyn. 

C5 is adjusted for minimum ac voltage 
at V4's collector. Finally, when the 
amplifier is working, adjust C8 for 
bias according to the head manufac- 
turer's specifications. 

The oscillator transformer, which is 
hand -assembled, is a toroid wound on 
an Arnold A- 066032 -2 core obtainable 
from Arnold Engineering (610 E. 
Palisade Ave., Englewood, N. J.). Fig. 
5 -a shows how the coil is wound. 
Although it is very simple, be careful 
with the physical coil positioning. The 
close coupling of Ll to L2 and L3 is 
necessary and prevents distortion, and 
a coil modification may not produce 
an oscillator. Some 2N188 -A's may 
require R17 to be larger than the value 
shown, whereas others would be burned 
up with this setting. If the bias oscil- 
lator is dead, check and recheck the 
coil polarities and then increase the 
value of biasing resistor R17. 

At present, the toroidal core (89c 
each) is available only on a $10 min- 
imum order. If you would rather use a 
less expensive cylindrical core, use 
a Miller 22A000RB1 or a Miller 6210 
TV horizontal oscillator ringing coil 
with the coil removed. This cylindrical 
configuration is difficult to wind and 
may lead to insufficient recording bias 
with some heads. However, it will work. 

Before any adjustment is made to 
the completed amplifier, the record head 
must be properly biased according to 
the manufacturer's specifications. All 
three resonant circuits must be timed 
to the same frequency if the amplifier 
is to work at all. If the bias is still 
low after the adjustments, L4 may be 
increased. Like the playback amplifier, 
C2, C4, CO, and R13 are matched to 
the head to get flat response. Fortu- 
nately, these adjustments are straight- 
forward. 

Selsyn motor and power supply 
Small battery -operated recorders and 

phonographs have real motor problems. 
Small dc motors are not readily avail- 
able, have low efficiency and do not 
operate at a constant speed. Often, 
hand -cranking the capstan will produce 
less wow and flutter than these motors. 
A few manufacturers are producing 
governor -controlled motors. General In- 

dustries markets such a motor in their 
battery -operated turntable. Unfortu- 
nately, the governor plays havoc with 
the reproduce amplifier, causing much 
popping and static which must be 
filtered and shielded. 

A very common war surplus Bendix 
Autosyn costing about $3 is constructed 
like the huge three -phase industrial 
synchronous motors. It has a Y -con- 
nected armature winding, which is the 
stator, and a rotating field winding 
and is started like some induction 
motors by shorting the field winding. 
This motor easily pulls tape at 3.75 
ips, drawing less than 40 -ma current 
at 9 volts. 

No special phase- shifting circuits are 
needed to get three -phase power. A 
simple trinary ring counter (Fig. 6) 
fed from an oscillator of three times 
the fundamental frequency powers the 
motor. Transistors V1, V2 and V3 in 
the three -phase supply circuit switch 
on in succession, simulating a three - 
phase square wave in motor windings 
L1, L2, and L3. Field winding L4 is 
in series with the collector supply and 
is excited by the motor current. V1 is 
in a standard Colpitts oscillator driving 
the ring counter. 

Not all the component values for the 
three -phase supply are indicated. They 
depend upon the types of selsyns used 
and how they are loaded. They are easy 
to determine and their omission pre- 
vents beginners from running up a 
large transistor bill resulting from 
improper operating points. The emitter 
parallel R -C circuit has a time constant 
roughly one -fourth the period of the 
three -phase fundamental. The diodes 
steer the driving pulse from the tran- 
sistor previously switched to conduction 
to the next one Thus the voltage across 
the emitter resistor must be just high 
enough to let the following transistor 
switch on and not he blocked through 
the interconnecting diode. If you are 
moderately careful with the design, 
this synchronous motor configuration 
will behave like the costly ones, but 
will be more efficient. 

The completed machine opens a new 
world of rallies, concerts, movie sound 
effects and fun almost impossible to 
enter with heavy machinery. END 
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Mor Bass 
from\ 

'Smaller 
Lbudspeakers 

`... 

Part I -Don't be confused by the trend 
toward miniaturizing the loudspeaker and 
enclosure. This two -part article explains 
the operating principles of most of them 

THE popularization of hi -fi has made 
it increasingly desirable to get big 
bass from little speakers. But cer- 
tain sound -propagation considera- 

tions indicate that a speaker must have 
a size inversely proportional to the 
lowest frequency it is expected to 
reproduce. However, the commercial 
urge has resulted in quite big -sounding 
bass coming from astoundingly small 
boxes. 

There seem to be several ways of 
doing it, and the variety in the field 
has led to some confusion about the 
methods used. So here is an attempt 
to sort out this confusion. Three aspects 
of the problem appear: 

1. Coupling the transducer so it can 
move enough air at these low 
frequencies without running into 
distortion. 

2. Arranging for it to operate over 
a range of frequencies with as 
near as possible uniform efficiency. 

3. Any moving diaphragm has two 
sides: do we utilize sound waves 
from both sides or only one of 
them? 

Elaborating on these points a little: 
The first means we want to find a way, 
if possible, of moving a lot of air with 
a small diaphragm movement, because 
large mechanical movements are diffi- 
cult to achieve without distortion. The 
alternative is to work from the other 
end, and get the big movement without 
distortion but obviously this is much 
more difficult. 

It may be relatively easy to get large 
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air movement for a small drive, by using 
resonance, which is what an organ 
pipe does. But we do not want all low 
frequencies, regardless of original 
source, to sound like an organ pipe; 
all frequencies within a range should 
be reproduced accurately and uni- 
formly. 

Second, any diaphragm has a res- 
onant frequency due to the compliance 
(or springiness) of its suspension act- 
ing with its mass (or weight). Without 
being enclosed in any way, it will move 
most readily at this frequency. But the 
acoustic loading that the enclosure pro- 
vides can control this, rendering the 
radiation efficiency practically constant 
over a range of frequencies. The point 
to watch is how the method of enclosing 
it influences the frequency range of the 
complete loudspeaker, as compared to 
its free -air resonance. 

The low frequencies are radiated by 
big waves -much bigger than most of 
the loudspeaker units used to reproduce 
them (although the complete enclosure 
may be big). When the diaphragm 
moves forward, it momentarily pro- 
duces pressure at its front and rarefac- 
tion behind it. Something has to be 
done to stop these two effects from 
cancelling before a wave is radiated. 

This is the third question: Some 
ways use only the radiation from one 
side of the speaker and "lose" the 
other, while others find a way of turn- 
ing the "phase" of one so it augments 
the other, instead of cancelling (at low 
frequencies, where it is needed). 

By NORMAN H. CROWHIIRST 

To get the clearest possible icture 
of how the different methods w( . k, we 
will start here and see first h,ow the 
well -tried types achieve their ob. ective, 
following on with the newer smaller 
types to see what they do. 

Horns 
These work by carefully controlling 

the propagation of the sound wave for 
several wavelengths (of the lowest 
frequency) from the loudspeaker dia- 
phragm until it reaches the air (Fig. 
1). The horn allows an intense sound 
wave at its throat to develop gradually 
into a big- volume wave at its mouth. 
But to do this the horn's expansion has 
to be very gradual ( following an 
exponential or some similar "lax" or 
growth rate), and it has to finish up 
rather more than a half wave ength 
long across the mouth. 

Because of the high intensity )f the 
sound wave "loaded" onto the active 
side of the diaphragm, which h:,s the 
property of an acoustic "resistance" (at 
all frequencies above horn "nil off"), 
the free -air diaphragm resonar ce is 
well controlled and usually does not 
show up at all. Also the opposit on to 
motion produced by the horn threat is 
much greater than that on the other 
side, so the speaker delivers practically 
all its work into the horn. Little wound 
comes from the free side, and is can 
be left open or protected by a cover 
with a vent in it. 

But a horn for low frequenrte: gets 
(Continued on page 86) 
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* CREI's Extension Division offers Engineering Technicians and 
Engineers a combination of courses in advanced 

electronic engineering technology. 
* The program is designed to meet your present and future 

employment requirements and to increase your professional status 
and earning power. 

-this CREI College -level 

Home Study Program in 

Electronics is Compa- 

rable in Technological 

Content to Advanced 

Residence Courses!!!!! 
The CREI home study program is the culmina- 

tion of 33 years of working closely with leading 
companies and Government agencies in the critical 
field of electronics. This accredited program is de- 
signed for men already employed in a technical ca- 
pacity in the electronics industry. 

This CREI college -level program is comparable in 
technological content to advanced residence courses. 
You may complete the program in 2 to 4 years, de- 
pending on the amount of free time you can devote 
to study, and the courses you choose. 

For several years the electronics industry has suf- 
fered a serious shortage of technical personnel with 

modern advanced education, and there is every indi- 
cation that this shortage will increase in the years 
ahead. New jobs are being created daily through the 
application of electronic developments in missiles, 
space exploration, automation, instrumentation, 
computers, telemetering and many other fields. 
These positions must be filled by men with modern 
advanced education, which fact is evidenced by the 
experience of the CREI Placement Bureau, where 
the demand for graduates and advanced students 
far exceeds the supply. It is of interest to note that 
Help Wanted ads frequently specify "CREI educa- 
tion or equivalent." 
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CREI is recognized by 
industry and government 

Another reason why CREI men are respected and 
eagerly sought by industry and Government agencies 
alike is the accreditation and enthusiastic approval ac- 
corded the CREI home study program in advanced 
electronics. We co- founded the National Council of 
Technical Schools, and we were among the first three 
technical institutes whose curricula were accredited by 
the Engineers' Council for Professional Development. 
Further, the U.S. Office of Education lists CREI as "an 
institution of higher education." 

Of equal importance, we believe, is the appreciation 
expressed by industry and government for the CREI 
programs. Dozens of major electronics organizations, 
ranging from industrial giants to the Government's 
Voice of America, have agreements with CREI for en- 
rollment of students under company sponsorship. U.S. 
Navy electronic personnel in the number of 5,240 are 
enrolled in CRF.I extension programs. The British 
Royal Air Force, Army and Navy have approved CREI 
courses under their tuition assistance plan. The follow- 
ing companies comprise only a partial list of the organi- 
zations whicl- not only recommend CREI study hut 
actually, in ri any cases, pay all or part of the tuition 
for employees taking CREI courses: 

National Broadcasting Company 
Jerrold Electronics Corporation 
Pan American Airways 
Radio Corporation of America 
Canadian Aviation and Electronics 
Federal Electric Corporation 
The Martin Company 
Voice of America 
Canadian Broadcasting Corporation 
Northwest Telephone Company 
Commercial Cable, Incorporated 
Canadair Limited 
Columbia Broadcasting System 
All America Cable and Radio 
Canadian Marconi 
Mackay Radio 
United Air Lines 
Gates Radio Company 
Mohawk Airlines 
Florida Power and Light Company 

RESIDENCE SCHOOL 
. in Washington, D.C., for those who can attend 

classes. Day and evening classes start at regular inter- 
vals. Graduates earn AAS degree in 27 months. Elec- 
tronics experience is not required for admission. 

QUALIFICATIONS FOR CREI ENROLLMENT 
FACTS ABOUT TUITION, REGISTRATION 

If you have a high school diploma or equivalent, basic elec- 
tronic training and practical experience in electronics, you 
meet the minimum requirements for enrollment. Tuition is 
reasonable and may be paid monthly, if you wish. Veterans 
qualify for this program under the GI bill. 

Over 20,500 CREI students 
find home study 
convenient and profitable 

You can pursue the ('REI program while you con- 
tinue your regular full -time job. You study at home 
(luring hours chosen by you. You are not rushed and you 
have plenty of time to do your best. 

The courses are prepared in easy -to- understan 1 for- 
mat, and the (''REI staff of experienced instructors 
guides your progress all along the way. These in;truc- 
tors stand ready to assist you whenever you need help. 
You will find our personal assistance and guidant effi- 
cient and helpful, because 33 years of experience in 
home study teaching enables us to anticipate que:,tions 
in our lesson material. 

Many CREI students have learned that they di) not 
have to wait until they have completed the progr; m to 
realize significant improvement in their status and in- 
come. The very fact that you are ambitious enou,h to 
pursue this college -level program enhances your o )por- 
tunities for rapid promotion. Project leaders and s.rper- 
visors recognize the value of ('REI education. 

How you benefit from CREI 
program of home study 

CREI students are electronic engineers and te. -hni- 
cians engaged in every phase of electronics. They are in 
research laboratories and manufacturing plants. '['hey 
work on the design, development and production of the 
latest computers; on the latest military and civiliar air- 
craft; on the electronic equipment associated witl the 
Nation's missiles and space exploration efforts; on -om- 
munications equipment of all kinds; they maintain 
electronic equipment for the air lines, the Government 
and private corporations. You will find CREI stuc outs 
in all 5() States and in most foreign countries of the 
free world. 

To the serious -minded and ambitious CREI stu lent 
our home study program offers a series of important 
benefits: 
1. You gain a solid college -level education in advanced 

electronic engineering technology; you keep abreast 
of continuous new developments in the field. 

2. You can gain higher status and enjoy the incrersed 
respect of your associates. 

3. You facilitate more rapid professional advancement 
with corresponding significant increases in pay. 

4. You gain the personal satisfaction that comes from 
working and communicating intelligently with N our 
technical colleagues and superiors. 

WRITE FOR DETAILED 44 -PAGE BOOK of curricula and 
other information about CREI, entitled "Insurance for "our 
Future in the New World of Electronics." USE POSTAGE -F AID 
CARD ATTACHED, or write to Dept. 1407 -G. 

The Capitol Radio 
Engineering Institute 
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ECPD Accredited Technical 
Institute Currie ula 
FOUNDED ] 927 

3224 16th Street, N W. 
Washington 10, D.C. 
Dept. 1407 -G 
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(Continued front page 81) 
very big. True, it can be folded, so the 
narrower section is accommodated in 
space around the mouth area, but the 
mouth must still he big and the "devel- 
opment" requires considerable volume. 

Another thing about horns: their 
smoothness of performance -which a 
good one invariably has -is dependent 
on the gradual expansion being con- 
tinued right on after the sound leaves 
the horn. A horn in the middle of a 
ront loses most of its smoothness, be- 
ce'rse of the abrupt change the wave 
finds when it leaves the mouth. To get 
the best out of a horn, it should he 
Warr(' in a corner, so the room walls 
continue the effective horn mouth con - 
toort. 

Even this is an idealization (for 
most listeners) : the ideal corner should 
be the wily corner in the room. The 
wave should leave the horn mouth and 
keep going, indefinitely. But most rooms 
have four sides, a floor and a ceiling, 
which block this indefinite progress of 
the wave. Even so, a horn takes a lot 
of heating in the larger rooms. 

A horn has an acoustic cutoff fre- 
quency- related, not to any resonance 
effect, but to sound propagation -below 
which it fails to couple the sound waves 
from the diaphragm to the air at the 
mouth. This means the air load on the 
diaphragm disappears below this fre- 
quency, and some measure is advisable 
so that such low frequencies do not 
reach the speaker from the amplifier. 

"Infinite" box baffle 
This idea may seem rather crude to 

a horn man. It is simply a baffle, such 
as was originally used to extend the 
edges of the unit, brought around to 
enclose the back completely (Fig. 2). 
To be truly infinite, the box on the back 
needs to he infinitely large. In this 
hypothetical case, the loudspeaker unit 
radiates equally on both sides, but one 
side is totally enclosed in a box, while 
we listen to the other side. So only half 
the speaker's acoustic output is used. 

A practical "infinite baffle" uses a 
box of finite size. The size chosen is 
such that the ideal is not departed from 
to any great extent. This has the effect 
of making the speaker do a little more 
work in compressing the air inside the 
box than it does in radiating sound 
from the front. Also the air in the box 
acts as an additional "spring" on the 
diaphragm, which raises the speaker's 
resonant frequency slightly. 

The mechanical Q of the loudspeaker 
is determined by several contributing 
factors: amplifier damping; efficiency 
of the conversion of electrical into 
acoustical power; any mechanical re- 
sistance due to viscosity in the sus- 
pension (which has to be built in), and 
any acoustic resistance due to "stuffing" 
put into the box. 

With a struggle, the resonant boom 
can just about he held down by all 
these means acting together. Then the 
low -frequency roll off occurs imme- 
diately below the resultant resonant 
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Fig. 1 -The horn is relatheh 
large compared to wavelength 
of lowest frequency it must 
radiate. 

BACK PRODUCES 
SLIGHTLY STIFFER 
LOAD ON CONE 
THAN FRONT 

Fig. 2 -An 'Infinite" baffle is 
merely a large box shutting 
in the speaker's rear. 

Fig. 3 -The air coupler's 
length is based on wavelength. 
rather than Nolume. 

SOUND ABSORBENT BAFFLES 

Fig. l-Bofe is another way 
to eliminate back radiation. 

SPKR / 
frequency (speaker unit in its Lox), 
at a rate that is basically 12 (lb per 
octave, like an L/C high -pass filter. 

So if we start with a speaker res- 
onance of 70 cycles and the enclosure 
pushes this up to 90 or 100, the com- 
plete system falls off at 12 db per 
octave below this; will be about 12 db 
down at 50 cycles, 24 db clown at 2:7 

and 28 db down at 20. How can we get 
the response down lower? More of this 
anon. But whereas the horn's range 
depends mainly on its "acoustical dimen- 
sions," the infinite baffle is basically 
limited by the resonance of the unit 
driving it. 

Air coupler 
Another development that appeared 

some years ago was the air coupler. 
This utilized propagation principles to 
change the characteristic acoustic 

impedance (Fig. 3). The back of the 
speaker was free. Without the coupler 
between, half the energy would be 
radiated from both sides. But at the 
lowest frequency the coupler is a 
quarter -wavelength long, so the "free" 
effect of the tube opening into the 
room is converted into a "stiff" mass of 
air at the speaker diaphragm. In this 
way, it uses all its energy pushing the 
air in the tube and very little gets out 
the back. 

Setting the quarter- wavelength fre- 
quency at the speaker resonance effec- 
tively loads the resonance out of exist- 
ence. Careful design is needed to avoid 
undesirable effects at higher frequen- 
cies, where the same tube is successively 
half, three -quarters and more wave- 
lengths long. The principal limit to this 
idea's useful application seems to be 
that it is essentially a built -in type, 
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not just simply a piece of furniture. 
Boffle 

Mr. Hartley's Boffle ( "box baffle ") 
achieves a similar objective by a dif- 
ferent method (Fig. 4). The back of 
the speaker is basically free, but it 
differs from the horn or air coupler 
in that the front feeds sound out direct, 
while the back is "treated" so its sound 
is absorbed instead of coming around 
to cause interference. The back of the 
cone meets air that is rendered extra 
"free" in this case, allowing the work 
to be done in front. 

Fig. 5 -Bass reflex is first attempt at 
radiation from front and hack of cone. 

The horn and air coupler use dif- 
ferent kinds of loading on the front; 
the back is just normally free, by not 
being so loaded. The infinite baffle and 
the Boffle feed the wave directly from 
the front, in the first case loading the 
back with the box (which reduces 
efficiency) and in the second case mak- 
ing it extra free (which may slightly 
increase efficiency). In neither of them 
is motion of air from both sides used. 
Bass reflex 

This was the first type which 
attempted to use the motion at the 
back, instead of getting rid of it some- 
how. The enclosure contains a port 
(Fig. 5), of controlled dimensions, so 
the weight (technically called mass) 
of air moving back and forth in the 
port is about equal to that of the 
speaker diaphragm. This way, at res- 
onant frequency, the air in the box is 
alternately compressing and rarefying, 
while the motion at both diaphragm 
and port is in phase. 

This means, at this particular fre- 
quency (below which the system "drops 
dead" at about 18 db per octave), 
about twice as much air is moved to 
form a sound wave, for the same dia- 
phragm movement. At higher frequen- 
cies, the air in the box absorbs the 
back radiation just like the infinite 
baffle. The common practice is to design 
the box and port dimensions to have 
about the same resonance as the speaker 
unit, so it loads down this primary 
resonance, much as the air coupler did. 

This method produces two secondary 
resonance effects, rather like an over - 
coupled circuit in radio, resulting in a 
peak below and above the basic res- 
onance frequency. Various methods 
have been adopted to level these res- 
onances, such as the acoustic resistance 
unit introduced by Goodmans, which 
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improved the performance of the bass - 
reflex type, eliminating the boom from 
the "boom- box." 

Back -loaded horn 
Although the horn protagonists won't 

like this, there are certain similarities 
between the bass -reflex and the back - 
loaded horn that make the comparison 
useful. As in the bass reflex, the higher 
frequencies are radiated directly from 
the feront, and their back radiation is 
absorbed in the box directly behind the 
cone (Fig. 6). Below a certain fre- 
quency set by the acoustic crossover, 
the volume of this box, coupling the 

Fig. 6- Back -loaded horn radiates front 
of speaker for high end, horn for low 

end. 
horn to the back of the diaphragm, 
ceases to absorb in this way and causes 
the horn to load the back more than 
the front. In this range the unit behaves 
like any other horn. 

So the back -loaded horn radiates 
from the front above acoustic- crossover 
frequency and from the back below it. 
Its low- frequency cutoff is governed, 
as in the simple horn, by the horn's 
dimensions. It differs from the bass 
reflex in that the point where back 
and front both contribute is at the 
acoustic -crossover frequency, which is 
well above the lowest frequency 
radiated, and in that the speaker res- 
onance is relatively unimportant. 

Like any other horn, it needs placing 
in a corner. The corner location does 
help to camouflage the size of a horn. 
While the horn protagonist will tell you 
"you can always find a corner -or two 
for stereo," my experience with Amer- 
ican living rooms says that corners are 
not always conveniently available. And 
the best of the alternative types, infinite 
baffle and bass reflex, can give good 
low- frequency performance in a prac- 
tical comparison at an economy in size. 

So far we have studied early steps 
toward smaller enclosures. Next month 
we will look at acoustic suspension, 
duct -loaded reflex, variable mass and 
other methods of reducing enclosure 
size. TO BE CONTINUED 
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MIXING and 

MATCHING 

To AUDIO 

INPUTS 

By HAROLD REED 

Use the proper circuit and you can connect 
500 -600 -ohm lines, low -impedance micro- 
phones and multiple low -impedance sources 
to an amplifier's or recorder's high- imped- 
ance input 

MANY hi-fi enthusiasts and 
audio hobbyists have tape pe re- 
corders and audio amplifiers 
that have only a single input 

channel for microphones, tuners, etc. 
This input channel is usually of un- 
balanced (one side grounded) high - 
impedance design. 

You want to feed several audio 
sources into this recorder or amplifier 
simultaneously, or have it handle low - 
impedance inputs. Several useful meth- 
ods for doing this are discussed in this 
article. First let us consider how we 
can use a low- impedance source such 
as a 50- or 250 -ohm microphone with 
such an amplifier. 

What we need is some kind of match- 
ing circuit between the two devices. An 
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The mixer diagrammed in 
Fig. 5. 

Four T- attenuators, a 
single transformer and 
four resistors are all you 
need inside the mixer's 

case. 

50011 

MIXING S 
FADING 

200 n 
0 5 R I00K 

2 
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100K 
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100K 

R3 

IOOK 100K 

--- y 

RECORDER OR 

AMPL INPUT 

-4 

Fig. 1 -Input transformers are best for matching low- impedance 
sources to a high -impedance input. 
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o 
R2 470K 

RECORDER 
OR 
AMPL INPUT 

500 TO 600 ft 
LINE 

o 

RI 

600II 
R3 
22K 

TERMINATING RES 

Fig. 2- Transformerless network 
matches 500 -600 -ohm line to amplifier 

input. 

input transformer is best for this pur- 
pose, as shown in Fig. 1. Use a trans- 
former that provides several input im- 
pedances. Miniature and subminiature 
transformers are also satisfactory. A 
volume control connected across the 
transformer's secondary provides mix- 
ing and fading facilities. Additional 
inputs with transformers and mixing - 
fading controls are shown in dashed 
lines and may be added as required. 
The 100,000 -ohm resistors are isolating 
units and make interaction between the 
circuits negligible. 

Line to high impedance 
If you want to connect a 500 -600 -ohm 

line to the recorder's or amplifier's 
high -impedance input, try the trans - 
formerless circuit shown in Fig. 2. The 
line is terminated with a 500- or 600 - 
ohm resistor, R1, which is then bridged 
with the resistive input R2, R3. Values 
for R2 and R3 are selected to provide 
the proper signal voltage to the input. 

500 TO 60012 
LINE 

TERMINATING RES 

ciably or unbalancing the line, a 1 -to -1 
impedance ratio transformer provides 
isolation without attenuation. See Fig. 
4 for the circuit. 

Low- impedance mike 
A convenient method for feeding a 

single, low -impedance microphone into 
a high -impedance input is to use a 
microphone cable transformer which 
has a primary tapped for 30 -50 and 
200 -500 ohms and a secondary designed 
to work into a tube's grid circuit. Keep 
the cable on the transformer's second- 
ary side as short as possible to mini- 
mize hum pickup. Any reasonable 
length of cable can be used on the low - 
impedance side. Use shielded cable with 
the shield carried straight through 
from the low -impedance microphone to 
the high -impedance input's ground. 

Four -channel mixer 
We would often like to feed several 

low -impedance microphones or lines to 
the audio system's high -impedance in- 
put and at the same time avoid the cost 
of the three or four input transformers 
used in Fig. 1. Several mixing circuits 
can be used, but one of the most satis- 
factory is the series -parallel system 
shown in Fig. 5. It lets you ground 
each channel, preventing hum pickup 
and cross -talk. Also the insertion loss 
for as many as four channels is only 
6 db. The circuit shown is intended for 

RECORDER OR 
AMPL INPUT 

Fig. 3 -For balanced matching of line to high impedance try 
this arrangement. 

If R2's value is increased, there is a 
greater voltage drop across it and less 
voltage at the high -impedance input; 
decreasing R2 results in a lower voltage 
drop and greater signal voltage at the 
high -impedance input of the recorder 
or amplifier. If the signal voltage from 
the low impedance source is too low, 
R2 and R3 can be eliminated. This 
circuit, of course, unbalances the source. 

Where the low- impedance line's bal- 
ance must be maintained, a line -to -grid 
transformer should be used (see Fig. 
3). The line may be terminated in an 
appropriate resistance and then bridged 
with the high -impedance tap of the 
transformer. This will allow several 
amplifiers, with high -impedance input 
transformers, to be bridged across the 
line without causing appreciable load- 
ing or mismatch. To get proper termi- 
nation and correct matching for a 
single amplifier input, connect the line 
to the 600 -ohm tap on the primary in- 
stead of the high- impedance tap. Of 
course, if you do this a 500 -600 ohm 
terminating resistor is not needed. 

To feed a 500 -600 -ohm line to the 
recorder or amplifier input without 
changing the signal magnitude appre- 
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MIXING a FADING CONTROLS 
250/ 25Oß T ATTENUATORS 

AUDIO -HIGH FIDELITY 

four 250 -ohm inputs using T- ;tttenua- 
tors. For other impendances, de termine 
the proper component part values with 
the following formulas: 

The value for resistors R2 s equal 
to R (N - 3) /N, where R is tI e input 
impedance (250 ohms in Fig. 5; and N 
the number of inputs or channels (4 in 
Fig. 5). The output impedance, R,,, is 
equal to 4R (2N - 3) /N', where R and 
N are equivalent to the values in the 
foregoing formula and N2 is the num- 
ber of channels squared. Parts values 
are included in the circuit. These values 
are given as derived from the equations. 
They are not so critical that they must 
be exactly as shown. Some standard 
value close to these figures will do. 

The transformer in Fig. 5 is a low - 
impedance line -to -grid type. Its voltage 
stepup helps make up for the mixer 
insertion loss and with some audio sys- 
tems it may be possible to connect the 
mixer directly to the recorder Yr am- 
plifier input. 

If there is not enough output from 
the mixer, you can insert a '7oltage 
amplifier after transformer T. If you 
use a standard preamp for this, any 
phono equalizing resistors should be 
removed. 

When laying out and wiring my of 
the circuits discussed in this article, 
follow the usual construction techniques 
for shielded cable and for proper 
grounding. END 

RECORDER 
OR Milt INPUT 

500 TO 600 R 
LINE 

Fig. 4- Little attenuation and bal- 
anced matching are the features of 
this simple circuit. 

RECORDER OR 
AMPL INPUT 

R2= 
RIN -31 

62.5d1 

Ro. 4R(2N-31_312.5Il 
N2 

Fig. 5- Mixing- matching 
arrangement that lets you 
feed four mikes to a single 
high -impedance input us- 
ing only one transformer. 
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° 

M° 
°VACUUM TUBE VOLTMETER 

Model 77- VACUUM TUBE VOLTMETER 
. foal Prix* $42.50-Terms: $12.50 after 

10 day trial, then 56.00 monthly for 5 
months if satisfactory. Otherwise return, 
no explanation necessary! 

WITH NEW 6" FULL -VIEW METER 
Compare it to any peak -to -peak V.T.V.M. made by any other manufacturer at any price 

Model 77 completely wired and calibrated with accessories 
(including probe. test leads and portable carrying case) 
sells for only 542.50. 
Model 77 employs a sensitive six Inch meter. Extra large 
meter scale enables us to print all calibrations in large 
easy -to -read type. 
Model 77 uses new improved SICO printed circuitry. 
Model 77 employs a 12AU7 as D.C. amplifier and two 
9006's as peak -to -peak voltage rectifiers to assure maxi 
mum stability. 
AS A DC VOLTMETER: The Model 77 is In.ispenc file in 
11141 Amplifier servicing and a must for Black and White 
,u, color TV It.re leer servicing where circuit loading 

ns AN AC VOLTMETER: Measures 1251S values if sine 
hits.. 1k value if complex wave. Pedestal 
h ,mine the 'black.' level in TV rc 

Model 77 uses a selenium -rectified power supply resulting 
in less heat and thus reducing possibility of damage or 
value changes of delirate components. f/ Model 77 meter is virtually burn -out proof. The sensitive 
400 microampere meter is isolated from the measuring cir- 
cuit by a balanced push -pull amplifier. 
Model 77 uses selected Ió zero temperature coefficient re- 
sistors as multipliers. This assures unchanging accurate 
readings on all ranges. 

SPECIFICATIONS 
DC VOLTS -0 to 11/15,75/ 151t':l1ll/750 'i.500 e,,t, at 11 

neg,l,ms input resistance. AC VOLTS IRMS) -II to :1.15/75/ 
150/:100. 750/1.500 volts. AC VOLTS u'rak to Peakl -u V: 
8/ 40 2110/.100/8011/_.000 volts. ELECTRONIC OHMMETER 
-11 to 1,111111 °Inns/ 111.11110 ohORS/ 100.1100 °lens' I l i, enittll/ 1,1 
tuegnbms 1011 meg°hnts /1.1100 megnhms DECIBELS -10 dh 
to o IS ill, a 1(1 db to o 38 Ab a 31 db to + . -.8 di,. All based 
on 0 ,II, = .006 watts (It mw0 into a 51)0 ohm line I I.73v). 

AS AN ELECTRONIC OHMMETER: Because of its wide ZERO CENTER METER -For discriminator alignment with full 
la leaks. capacitors st up glaringly, scale Ifa of 

ISO /:15 73 alts :1t I I Inegohlu Rocou., ,.t 11. s 1 I, It, n l IOW loading, Intel °l it tents Input n.s lslanrn. ate 1.ny roumi. isolated and rep:wed. 
Model 77 comes complete with operating instructions. probe and test leads. Use it on the bench - 
use it on calls. A streamlined carrying case, included at no extra charge, accommodates the tester, 
instruction book, probe and lends. Operates on 110.120 volt 60 cycle. Only _. 

7 

250 
NET 

Superior's 
20.0000MsHVOLTERALLMETER 

Model 80 - ALLMETER ... Total Price 
$42.50- Terms: $12.50 after 10 day trial, 
then $6.00 monthly for 5 months if satis- 
factory. Otherwise return, no explanation 
necessary) 

s 

THE ONLY 20,000 OHMS PER VOLT V.O.M. SELLING FOR LESS 

THAN $50 WHICH PROVIDES ALL THE FOLLOWING FEATURES: 
por 6 INCH FULL -VIEW METER provides large 

easy -to -read calibrations. No squinting or guess- 
ing when you use Model 80. 

I/ MIRRORED SCALE permits fine accurate meas- 
urements where fractional readings are impor- 
tant. 

CAPACITY RANGES permit you to accurately 
measure all condensers from .00025 MFD to 30 

MFD in addition to the standard volt, current, 
resistance and decibel ranges. 

HANDSOME SADDLE- STITCHED CARRYING 
CASE included with Model 80 Allmeter at no 
extra charge enables you to use this fine instru- 
ment on outside calls as well as on the bench 
in your shop. 

NOTE: The line cord is used only for capacity 
measurements. Resistance ranges operate on 
self -contained batteries. 

A built -in Isolation Transformer automatically isolates the 
Model 80 from the power line when capacity service is in use. 

Selected. O. zero temperature coefficient ntetalized resistors 
are used as multipliers to assure unchanging accurate readings 
on all ranges. 

SPECIFICATIONS: 
7 D.C. VOLTAGE RANGES: (AI a sensitivity of 20.000 

Ohms per Volt U to 15 75 150 300 750 1500. 7500 Volts. 
6 A.C. VOLTAGE RANGES: 

(At a sensitivity of 5.000 Ohms per Volt) 
O to 15/75 150 300 750 1500 Volts. 

3 RESISTANCE RANGES: 
0 to 2,000/200.000 Ohms. 0 -20 Megohms. 

2 CAPACITY RANGES: 
.00025 Mfd. to -:i Mfd., .05 Mtd. to 30 M111, 

5 D.C. CURRENT RANGES: 
0 -75 Microamperes. U to 7.5/75/750 Milliampere,. 0 to 15 
Amperes. 

J 3 DECIBEL RANGES: 6 db to + 18 db C O 
+ I l db to + 38 38 db 

+ 34 db ta 
nés 58 db 

SO Allmeter o complete with Y N ET 
op eratnn nstructions. test leads and port - 
able carryno cas,. only _.. 

:CZ= .... 

Model TV- 50A- Genomefer. Total price - 
547.50- Terms: 511.50 after 10 day trial, then 
$6.00 monthly for 6 months if satisfactory. 
Otherwise return, no explanation necessary! 

CROSS HATCH GENERATOR: The 
Model TV -53A Genometer will project a 

cross -hatch pattern on any TV picture 
tube The pattern will consist of non - 
shifting, horizontal and vertical lines 
interlaced to provide a stable cross - 
hatci effect. 

GENOMETER 
7 Signal Generators in One! 

R.F. Signal Generator for A.M. Bar Generator 
R.F. Signal Generator for F.M. Cross Hatch Generator 
Audio Frequency Generator Color Dot Pattern Generator 

Marker Generator 
A versatile all -inclusive GENERATOR which provides ALL the outputs for servicing: 

A.M. Radio F.M. Radio Amplifiers Black and White TV Color TV 
R. F. SIGNAL GENERATOR: 
The Model TV -50A Genometer 
provides complete coverage for 
A.M. and F.M. alignment. Gen- 
erates Radio Frequencies from 
100 Kilocycles to 60 Megacycles 
on fundamentals and from 60 
Megacycles fo 180 Megacycles 
on powerful harmonics. 

VARIABLE AUDIO F R E- BAR GENERATOR: The Model TV- 

QUENCY GENERATOR: In ad- 50A projects an actual Bar Pattern on 

dition to a fixed 400 cycle any TV Receiver Screen. Pattern will 

sine -wave audio, the Model consist of 4 to 16 horizontal bars or 

TV -50A Genometer provides a 7 to 20 vertical bars. 

variable 300 cycle to 20,000 THE MODEL 'TV-50A 

cycle peak wave audio signal- comes absolutely complete 
with shielded leads and 
operating instruction,. 

DOT PATTERN GENERATOR (FOR COLOR TV) 
Although you will be able to use most of your 
regular standard equipment for servicing Color 
TV, the one addition which is a "must" is a Dot 
Pattern Generator, The Dot Pattern projected on 
any color TV Receiver tube by the Model TV- 
50A will enable you to adjust for proper color 
convergence. 

MARKER GENERATOR: The Model TV- 
50A includes all the most frequently 
needed marker points. The following 
markers are provided: 189 Kc.. 262.5 Kc., 
456 Kc., 600 Kc., 1000 Kc., 1400 Kc., 1600 

Kc., 2000 Kc -, 2500 Kc., 3579 Kc., 4.5 Mc., 
5 Mc., 10.7 Mc- (3579 Kc. is the color 
burst frequency). 

$4150 

l& EXAMINE BEFORE YOU BUY! 
mr USE APPROVAL FORM ON NEXT PAGE 
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SUPERIOR'S NEW MODEL TW-II 

PROF 
ENS 

SIONAL TUBE T 

Model TW- 11 -Tobe Tester 
Total Price ..._ ..... ................._....$47.50 

Terms: $11.50 after 10 day trial, 
then 56.00 monthly for 6 months 
if sat' sfactory. Otherwise return, 
no explanation necessary. 

* Tests all tubes, including 4, 5, 6, 7, Octal, Lock -in, 
Hearing Aid, Thyrotron, Miniatures, Sub -miniatures, No- 
Vals, Subminars, Proximity fuse types, etc. 
* Uses the new self -cleaning Lever Action Switches for 
individual elêment testing. Because all elements are 
numbered according to pin- number in the RMA base 
numbering system, the user can instantly identify which 
element is under test. Tubes having tapped filaments and 
tubes with filaments terminating in more than one pin 
are truly tested with the Model TW -11 as any of the pins 
may be placed in the neutral position when necessary. 
* The Model TW -11 does not use any combination type 
sockets. Instead individual sockets ore used for each 
type of tube. Thus it is impossible to damage a tube by 
inserting it in the wrong socket. 
* Free- moving built -in roll chart provides 
complete data for all tubes. All tube listings 
printed in large easy -to -read type. 

NOISE TEST: Phono -jack on front panel for plugging in 
either phones or external amplifier will dehct micro - 
phonic tubes or noise due to faulty elements Ind loose 
internal connections. 

EXTRAORDINARY FEATURE 

SEPARATE SCALE FOR LOW- CURRENT TUB'S: Previ- 
ously, on emission -type tube testers, it has been standard 
practice to use one scale for all tubes. As a r :suit, the 
calibration for low- current types has been restr sled to a 
small portion of the scale. The extra scale ssed here 
greatly simplifies testing of low- current types. 

The Model TW -I I operates on 105 -130 Volt 60 Cycles 

'4750 A.C. (ones housed in a handsome portable saddle - 
stitched Texon Case. Only 

SUPER IOR'S NEW MODF.I. 8:.1, 

0 1. 

4ilr% 
To- rrr s O 

Model 82A -Tube Tester 
Total Price $36.50 
Terms: $6.50 after 10 day trial, 
then $6.00 monthly for 5 months 
if sa tirfactory. Otherwise return, 
no exl lanation necessary. 

Multi- Socket Type TUBE TESTER 
TEST ANY TUBE IN 
10 SECONDS FLAT ! 

0 Turn the filament selector switch 
to position specified. 

OInsert tube into a numbered 
socket as designated on our 
chart (over 600 types included). 

OPress down the quality button - 
THAT'S ALL! Read emission 

quality direct on bad -good 

meter scale. 

SPECIFICATIONS 
Tests over 600 tube types 
Tests 0Z4 and other gas -filled tubes 
Employs new 4" meter with sealed air - 
damping chamber resulting in accurate 
elbrationless readings 
Use of 22 sockets permits testing all 
popular tube types and prevents pos- 
sible obsolescence 
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 

Production of this Model was de- 
layed a full year pendin, careful 
study by Superior's engineer ng staff 
of this new method of test: :g tubes. 
Don't let the low price misead you! 
We claim Model 82A will aloe tperform 
similar looking units whir : - sell for 
much more - and as proof, we otter 
to ship it on our examine before you 
buy policy. 
To test any tube. you stmt insert 
it into a numbered socket ... desig- 
nated. turn the filament so !ch and 
press down the quality witch - 
THAT'S ALL!. Read qua:ity o- meter. 
Inter -element leakage :f al 'I Indi- 
cates automatically. 

Model 82A comes housed in handsome, portable Saddle- á,l6$0 Stitched Teson case. Only 

SUPER IOR'S 
NEW 

MODEL 83 

Model ©- C.R.T. Tabe Tester 
Total Price $38.50 
Terms: 58.50 after 10 day trial, 
then $6.30 monthly for 5 months 
if satisfactory. Otherwise return, 
no explanation necessary. 

C.R.T. TESTER 
TESTS AND REJUVENATES ALL PICTURE TUBES 

ALL BLACK AND WHITE TUBES ALL COLOR TUBES 
From 50 degree to 110 degree types 
-from 8" to 30" types. 

Test ALL picture tubes -in the carton 
out of the carton -in the set! 

Model 83 is not simply a rehashed black and white Model 83 will detect tubes which are apparently good 
C.R.T. Tester with a color adapter added. Model 83 em- but require rejuvenation. Such tubes will provide a pic- 
ploys a new improved circuit designed specifically to test ture seemingly good but lacking in proper del 'sitien, 
the older type black and white tubes, the newer type contrast and focus. To test for such malfunctio-, you 
black and white. tubes and all color picture tubes. simply press the rej. switch of Model 83. If the 'ube is 

Model 83 provides separate filament operating volt- weakening, the meter reading will indicate the co. dition. 
ages for the older 6.3 types and the newer 8.4 types. Rejuvenation of picture tubes is not simply a matter 

Model 83 employs a 4" air- damped meter with qual- of applying a high voltage to the filament. Such a fltages 
ity and calibrated scales. improperly applied can strip the cathode of the oxide 

Model 83 properly tests the red, green and blue sec- coating essential for proper emission. The Model 33 op- 
tions of color tubes individually -for each section of a plies a selective low voltage uniformly to asst re in- 
color tube contains its creased life with no danger of cathode damage 
own filament, plate, grid 
and cathode. $ 

8" Model 83 comes housed in handsome portably Saddle Stitched Texon case - 
complete with sockets for all black and while tubes and all rotor tubes. Only.. 

SHIPPED ON APPROVAIL 
NO MONEY WITH ORDER -NO C. 0.0. 
fry any of the instru- 
ments on this or the 
facing page for 10 
clays before yuu buy. 
If completely satisfied 
then send down pay- 
ment and pay bal- 
ance as indicated on 
coupon. No Interest 
or Finance Charges 
Added! If net com- 
ppletely satisfied re- 
turn unit to es, no 
explanation neces- 
sary. 

JULY, 1960 

I MOSS ELECTRONIC, INC. 
Dept. D -779, 3849 Tenth Ave., New York 34, N.Y. 
Phase .send Me the units checked on approval. It completely satisfied I will pay on un terms specified with no interest or finance charges added. Otherwise, I will return 
. :tr a 10 day trial positively cancelling all further obligations. 

. Model 77 Total Price 542.50 Model TW-II Total Price 547.50 512.50 within 10 days. Balance 56.00 Sit 50 within 10 days. Balance 56.00 Address monthly for 5 months. monthly for 6 months. 
:: Modal 80 _Total Price 542.50 Model 82A Total Price 536.50 512.50 within 10 days. Balance $6.00 56.50 within 10 days. Balance 56.00 monthly for 5 months. monthly for S months. 
0 Model TVSOA Total Price 547.50 Model 83 Total Price 538.50 City Zone State...__.. monthly 

for B months. 
11.50 within 10 days. Balance 56.00 58.50 w`thin 10 days. Balance monthly for 5 months. All prices net. F.O.B., N. Y. C. , 

Export Division: Nock.. International Corp., 13 East 40th St.. New York 18, N.Y. a_______________________________________.II 
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Shirtpocket Reflex 
for Local Listening 

By ALVIN MASON 

HERE'S a simple, low -cost pocket 
reflex radio with a little different 
twist in circuitry and a big twist 
in performance. It has no exter- 

nal pickup leads and uses only two 
transistors. 

The receiver measures only 3 x 3 
x 1% inches and has low drain for 
longer battery life. The circuit is non- 
critical, with no rf feedback coupling 
to cause oscillations, yet sensitive to 
the very weakest signals. 

Transistor V1 is a Philco rf type, 
chosen for its high cutoff frequency and 
low operating voltage. 

V2 is another Philco transistor used 
for that extra punch in the audio out- 
put. It is a subminiature type specially 
selected for good performance at low 
voltage. 

T2, also a Philco item, measures only 
about 1/2 inch square and has a shield- 
ing can to prevent stray rf coupling. 
Also, this shielding permits more flex- 
ible parts layout without fear of oscil- 
lations. 

How it works 
The receiver (Fig. 1) is a reflex 

type in which transistor VI amplifies 
both the received rf signal and the 
detected of signal. Here's how it goes: 
Cl and L1 form a tuned circuit that 
picks up the desired rf signal. It is 
coupled to L2 and fed to V1 for 
amplification. The amplified rf signal 

* 2- transistor reflex 

* simple construction 

* shirtpocket size 

* no external antenna needed 

92 

Tiny 2- transistor unit puts the local stations in 
your pocket, and it doesn't use an external 
antenna 

is feci through T2 and is detected by 
diode D. (The rf signal cannot pass 
through audio transformer T3.) The 
detected of signal developed across 
R2 is fed back to VI's base, where it 
is again amplified. This time it is 
passed through T2's primary (the rf 
coil presents negligible impedance to 
the audio signal) and on to T:3's pri- 
mary. From there it goes to T3's 
secondary and on to V2 for final 

R2, S R4 

T3 

amplification. The amplified signal from 
V2 is fed to a headphone. 

Construction 
Construction is simple and straight- 

forward. No special rules to follow, 
,just good wiring practice. The set could 
be made smaller or larger if desired. 
However, if a smaller model is built, 
wiring may become more difficult. 

A 3- inch -square piece of solid bake- 

CI R6 G3 V2 

BATT 

C7 

U 

C4 

T2 

R3 C5 VI RI 

Chassis layout is compact, but not crowded. 

R5 
Ti 
C2 

L2 

Tests conducted by a member of the staff of RADIO -ELECTRONICS showed that 
the receiver has plenty of volume and picks up seven stations in Brooklyn, N. Y. 
There is some background hiss since of gain is high and rf gain relatively low. 
However, when the received station is loud enough, it overrides this interference. 

Conclusion: a set to build where the extreme gain and selectivity of a 2 -stage 
if is not needed. 

BENCH 
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Cf 

FERRITE 34-6000-16 TRANS 
óN34-A 

T2 r-----I 
I f VOLUME 

L2 i _ ¡ R20 
i'ti 7T - 

L_ 

RI 2 

820 - C4 

tr, LI 

365µµf 
C2 
20 
6V 4 6V 

C5 R3 
120K .005 

Z=20K 

C6 
.01 

AUDIO TRANS 34- 6001 -21 
T3 2.1K V2 - 

R5-IK 

BATT 

o-ó 4V - 
VI,V2 
BOTTOM 
VIEW 

COLLECTOR 

RED DOT 

R4 
22K 

OS GANGED TO R2 

BASE 

PHONE 

R6 

220 

GREEN 
GND LUG 

DOT 1 

'^ 3 

o T2 

e 
(BOTTOM 

EMITTER o VIEW 

2 4 
PHILCO 32- 4763 -2 

RI -82 ohms 
R2- miniature pot, 5,000 ohms, with spst switch 
R3- 120,000 ohms 
R4- 22,000 ohms 
R5 -1,000 ohms 
R6-22 ohms 
All resistors r/2 -watt 10% unless noted CI- miniature tuning capacitor, 365 µµf 

(Lafayette MS -274 or equivalent) 
C2, 3- subminiature electrolytic, 20 tuf, 6 volts 
C4, 7- subminiature electrolytic, 4 µf, 6 volts 
CS -.005 pf, disc ceramic 
C6 -.01 µF, disc ceramic 
BATT -4 volts (RCA VS308 or equivalent) 
D -I N34 -A J- miniature phone jack 
S -spst on R2 
TI -flat ferrite antenna (LI) (Miller No. 2004 or 

equivalent) with 7 turns No. 22 enameled wire 
(wound on ground end (L2) -see text) 

T2 -rf transformer (Philco 32- 4763 -2) 
T3 -audio transformer: primary, 20,000 ohms; 

secondary, 1,000 ohms (Argonne AR -104 or 
equivalent) 

*V1-34-6000-16 
V2 -34 -6001 -21 

Transistor sockets (2) (Lafayette MS -395 or 
equivalent) 

Perforated bakelite board (Lafayette MS -304 or 
equivalent) 

Earphone (Telex type 18140 or Lafayette MS -368) 
Miscellaneous hardware 
*Available from authorized Philco distributors 

Fig. 1- Circuit of the reflex receiver. 

lite board is used for the chassis. Or a 
piece of perforated bakelite can be 
used to avoid drilling holes for each 
component. All parts are mounted on 
one side of this board, with their leads 
running through to the opposite side 
where they are connected "printed - 
circuit" style. That is, all leads and 
connections are close to the bottom of 
the chassis. 

The tuning capacitor, volume control 
and phone jack are mounted on a 3 x 
13i.í -inch piece of light aluminum bent 
over and riveted or screwed to the 
bottom of the chassis board. In the 
final wiring this metal bracket will be 
grounded by the return side of the 
phone plug so all bare leads must be 
kept from contacting it. 

The two transistor sockets are easy 
to mount. Simply run the solder prongs 
through holes in the bakelite board and 
bend flat against the underside. 

The battery is mounted by simply 
anchoring two No. 18 solid wires at 
each end of it and soldering directly 
to the terminals. This is done because 
the battery will seldom have to be 

JULY, 1960 

changed. However, snap fasteners may 
be used to allow easier replacement. 

Although wiring is simple with only 
two transistors, there is still the possi- 
bility of making errors. But you should 
have no trouble if you check each 
connection before proceeding to the 
next. 

When connecting the diode, grip the 
leads with long -nose pliers to dissipate 
heat front the soldering iron. A black 
ring, the letter "k" or a "+" sign 
indicates the cathode end of the diode. 

Antenna coil L1 comes with a 
Masonite mounting base which is con- 
siderably longer than the antenna it- 
self. Remove this base by cutting away 
the cellophane -tape holders. 

After the base is removed, tape up 
the tap that appears a few turns up 
from the ground end of the antenna. 
This tap is not used. Now wind 7 turns 
of No. 22 enameled wire from this spot 
to the ground end. Wind directly over 
and in the same direction as the an- 

RADIO 

inch thick. Apply a thin coat of plastic 
resin cement to one side of th s board; 
then press on a sheet of leatherette 
material of the design ani color you 
desire. Work out all wrinkles and air 
bubbles. Now coat the other side of 
the cardboard with cement a Id leave 
standing till thoroughly dry- -about 2 
hours. 

After drying, mark off each measure- 
ment according to Fig. 2. Cut c ut three 
holes for the controls, then fold along 
the dotted lines. Glue each sec .ion into 
place and clamp it by placing a small 
weight on top of the case. 

When the case has dried, .ull the 
lid flap down tightly and pu ich two 
holes with an icepick or punch at the 
points marked F. With long -no ;e pliers 
crimp each half of a stud fastener into 
these holes. And the case is finished. 

Now use it 
With all wiring completed Ind the 

battery in place you are ready for the 

s,+ 

i' i' 

l O :1 

¡¡TUNER 
ii i: 

d PHONE ¡Ì 

11 
I 

® , 
VOLUME,. 

3-1/4" I-I/4"` I-5/16.. 2 -1/2" 

3 -1/4" 

11-5/8" 

Fig. 2- Layout for 
tenna winding. You now have an 
antenna transformer, with the added 
secondary (L2) feeding Vl's base. 

The antenna is mounted by forming 
a cardboard loop about 1 inch wide 
around the center of the coil and 
fastening to the chassis. 

Transformer T2 has five solder lugs 
which extend through holes in the 
chassis and are bent over. Before bend- 
ing them, however, make a pencil mark 
on the top of the can to correspond 
with the green dot on its bottom. The 
green dot indicates proper hookup, and 
cannot be seen after the transformer 
is in place. 

T3 is a subminiature audio trans- 
former, 20,000 to 1,000 ohms imped- 
ance, with four color -coded leads. It is 
mounted with two twist prongs extend- 
ing from its bottom. Position this 
transformer so that its primary and 
secondary windings are in proper rela- 
tion to T2 and V2. 

Making the case 
A plastic box makes a good case. 

Or, if you wish to make a case like 
mine, simply follow the instructions in 
Fig. 2. This makes a very neat job and 
adds considerable class to the receiver. 

Use a piece of cardboard big enough 
for the entire cutout and about 3/64 

the receiver's case. 
transistors. Cut the leads of ear t tran- 
sistor to about % inch. Make su -e each 
lead is plugged into its proper socket 
terminal. 

Turn the switch on and adralce the 
volume control to full power. Rotate 
the tuning knob. If all wiring is cor- 
rect, stations should come in io id and 
clear. 

If stations are not received satis- 
factorily or if no stations are heard 
try these tests: Touch your finger to 
V2's base connection. A loud plop should 
be heard in the earphone. Try th same 
test on V1's base. This time loud 
squeal should be heard. 

If both these tests give the listed 
effect, check the antenna hookup. New 
components are seldom defecti -e, so 
these should be checked last. 

In operation you will find that the 
antenna is somewhat directional and 
should be rotated slightly for best 
results. Also, transformer T2 ias a 
tuning slug which may be adjus ed to 
peak the receiver to a particular s -ction 
of the broadcast band. Or this slug can 
be removed entirely for dïstr :buted 
gain throughout the band. 

The unit is a great little re reiver 
for only two transistors. And it should 
prove well worth the effort put into 
building it. END 
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RADIO 

NEW 
DEVELOPMENTS 

Several manufacturers have 
incorporated novel circuits 
in their equipment RADIO CIRCUITRY 

By HENRY O. MAXWELL 

ENGINEERING developments and 
innovations in modern audio and 
radio equipment tend to follow 
cyclic patterns. For fairly long 

periods, circuitry in new equipment will 
be static. Then suddenly new circuits 
blossom forth from nearly every chassis. 
This month we discuss some of the 
most interesting ones we've seen re- 
cently. 

Unusual FM AM detector switching 
The detectors in AM FM tuners and 

receivers have become pretty much 
standardized as two separate circuits. 
The FM detector is either a ratio detec- 
tor or a Foster- Seeley discriminator. 
The AM detector and avc circuit in- 
variably uses a half -wave diode which 
may be a germanium diode, a section 
of a multipurpose tube or the grid 
cathode circuit in the FM limiter. The 
two detectors are generally completely 
isolated and easy to spot with one 
glance at the diagram. 

Blonder- Tongue engineers have come 
up with a couple of novel innovations 
combining the functions of many of the 
components in FM AM detector cir- 
cuitry. Fig. 1 -a is the detector circuit 
in the model R -98 FM AM radio. When 
S3 is in the FM position, we have a 
completely conventional balanced ratio 
detector with diodes D1 and D2 devel- 
oping an audio voltage at the junction 
of load resistors R15 and R14. Reser- 
voir capacitor C31 swamps out volt- 
ages developed by residual AM on the 
FM if signal. R18 and C32 form the 
audio de- emphasis network. R13 and 
R17 compensate for minor differences 
in the characteristics of the detector 
diodes. 

Switching to AM removes D1 from 
the circuit and converts D2 to a con- 
ventional half -wave AM and avc detec- 
tor. Fig. 1 -b shows the AM detector 
with all inactive components eliminated 
for simplicity. R19 is the diode load 
and C27 is the rf bypass capacitor. 
The FM de- emphasis network remains 
in the audio circuit but its effect is 
negligible on the average AM program. 

Fig. 2 -a is the corresponding detector 
circuit in the T -88 FM AM tuner. The 
tuner has an ac dc power supply with 
one side of the power line connected 
to the B -minus bus and the chassis so 
its output must be completely isolated 
from the chassis to prevent a shock 
hazard on the amplifier to which the 
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tuner might be connected. The ratio 
detector circuit is similar to that in 
the R -98 receiver but the low end of 
the tertiary winding of T104 is isolated 
from ground by C128 and C129 and is 
connected to the mid -point of the 
detector load resistors through an if 
choke and R119. The audio output is 
taken from across R119. 

Fig. 2 -b is the simplified AM detector 
circuit. Diode D101 -b is the AM detector 
developing an audio voltage across R119 
which functions as the AM detector 
load. This circuit is isolated from the 
chassis and B- minus, so a separate 
source of avc voltage is required. D101 -a 
is the avc diode coupled to the if 
amplifier plate through C123. It devel- 
ops a dc voltage across R127 propor- 
tional to signal strength. This voltage 
is filtered by R116 and C120 and fed 
to the first and second if amplifier. 

Novel tuning indicator 
The RCA model TPM -13 AM FM 

stereo combination uses the novel neon 
type tuning indicator shown in Fig. 3. 
The indicator is a NE -51 neon lamp in 
series with the plate of the triode sec- 
tion of the 19T8 operating as the indi- 
cator amplifier or control tube. (The 
diodes in the 19T8 are used as FM and 
AM detectors.) 

The grid of the 19T8 is connected 
to the grid of the third FM if amplifier 
and limiter and to the AM avc line 
through 22- megohm isolating resistors. 

Under no- signal conditions, the tube 
draws enough plate current through 
the NE -51 to cause it to glow brightly. 
When a signal is tuned in, the negative 
avc voltage developed across the AM 
detector load (R14 and R15) or the 
FM limiter grid resistor (R7) reduces 
the plate current drawn through the 
NE -51 and decreases its brilliance. 
The tuning controls are adjusted for 
minimum brilliance. The 10- megohm 
resistor, R16, draws just enough "keep - 
alive" current through the NE -51 to 
keep it conducting at all times. At high 
volume levels, the neon indicator tends 
to oscillate at a frequency determined 
by the value of C10. 

6 -volt hybrid radio 
The Motorola model 406 auto radio 

is the first hybrid set we've seen that 
operates from a 6 -volt storage battery. 
This set, using a 6BE6 converter, 
6BA6 if amplifier, 6CR6 detector, avc 
and first audio, 6BF6 driver and 2N176 
transistor output stage, is easily mis- 
taken for a 12 -volt model. Unlike the 
12 -volt versions that have a maximum 
of 12 -14 volts available for the tubes 
and transistors, this set has a tran- 
sistor type 50 -volt B- supply for the 
tubes while the audio and oscillator 
transistors operate from the 6 -volt 
battery. 

Fig. 4 is the diagram of the power 
supply and audio circuits in the model 
406. The power supply oscillator is a 
conventional circuit using tickler feed- 
back to the base. Approximately 60 
volts ac is developed in the secondary 
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of the power transformer. It is rectified 
and filtered to deliver 50 volts B -plus 
to the tubes. This voltage is stabilized 
by the varistor across the rectifier. 

The grid of the 6BF6 driver is biased 
by contact potential of the paralleled 
diodes (pins 5 and 6). This is a logical 
circuit development because cathode 
bias would reduce the effective plate 
voltage -which is already limited -and 
other forms of bias would be more 
expensive and likely to cause trouble. 

Automatic rumble filter 
Some of the new Zenith radio phono 

combinations feature a phono rumble 
filter circuit that operates only during 
low -level passages when rumble is most 
noticeable. During high -level bass pas- 

sages, rumble is masked by the pro- 
gram material so the filter is auto- 
matically bypassed to permit full -range 
bass to come through. 

Fig. 5 is the circuit in Zenith's 11A21 
chassis. The rumble suppressor consists 
of a two- section high -pass filter Cl R1, 
C2 R2 bypassed by varistor R3 (A 
varistor is a nonlinear semiconductive 
element whose resistance is determined 
by the voltage applied across it.) With 
no signal or with a low -level bass input 
from the record, the varistor's resist- 
ance is high and the signal takes the 
path of least resistance through the 
filter. During high -level passages the 
varistor's resistance is low, effectively 
shorting out the filter and allowing full 
bass to come through. END 
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RESERVE POWER 
FOR 

SURVIVAL 
Be ready in an emer- 
gency. Keep mer- 
cury batteries on hand 
for your transistor radio 

By SOL D. 

EVERY owner of a transistor radio 
can have the added assurance pro- 

vided by a survival -shelter radio by 
using mercury batteries as a reserve 
power source for the receiver. Using 
mercury batteries as a reserve, rather 
than a spare set of carbon -zinc bat- 
teries, instantly frees you from the 
bugaboo of poor shelf life that makes 
the ordinary (carbon -zinc) battery so 
unreliable. 

The excellent shelf life of mercury 
batteries is not as widely known or 
appreciated as it should be. Instead of 
only the few months during which we 
can rely on unused carbon -zinc bat- 
teries, mercury batteries can sit on the 
shelf for 2 or 3 years or lower and still 
be usable. 

To determine which mercury bat- 
tery to use for a reserve, a simplified 
battery listing is provided. It classifies 
the more popular types of transistor 
batteries according to their general de- 
scription, and avoids the confusion 
generated by a multiplicity of manu- 
facturer numbers. 

In the table, the General Description 
and NEDA No. columns list the 7 most 
popular zinc -carbon types. The next 
four columns give the manufacturer's 
number of each type. The final column 
shows the mercury equivalents avail- 
able as direct replacements for the 
zinc -carbons. 

The Mercury Equivalent column con- 
tains only four entries, indicating that 
only four of the seven zinc -carbon bat- 
tery classes are directly replaceable by 
mercury batteries. However, these four 
replacements cover at least 92 tran- 
sistor radios. (A list of these radios by 
manufacturer model number is avail-. 

*Assistant Professor, Electrical Engineering, 
Fairleigh Dickenson University, Teaneck, N. J. 

PRENSKY* 

able from the battery manufacturers 
listed.) 

The photo shows two mercury types, 
the 1.4 -volt penlight and the 9 -volt oval - 
ended, that are stocked by most dealers. 
The other two mercury types, the 1.4- 
volt size D and the 22.5 volt, are avail- 
able but may have to be ordered from 
the manufacturer. 

For the three classes for which no 
exact mercury replacement is available, 
the sanie principle of reserve power 
still can apply. The set owner can keep 
a replacement set of zinc- carbon bat- 
teries on hand and check or replace 
them periodically, or he might fit the 
equivalent mercury battery with alli- 
gator clips to act as a more dependable 
reserve than the original carbon -zinc. 
Or perhaps, direct replacements for 
these three classes may become avail- 
able shortly. In any case, the problem 
should not be too difficult for those who 
realize the importance of reserve power 
for survival. END 
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Two typical mercury batteries: right - 
mercury equivalent of the 1.5 -volt pen - 
light cell; left -mercury equivalent of 
the popular 9 -volt zinc -carbon battery. 

MERCURY REPLACEMENT BATTERIES FOR PORTABLE RADIOS 

General 
Description 

NEDA 
No. 

Zinc Carbon Mercury 
Mallory Burgess Eveready RCA Mallory Eveready RCA 

1.5 volts flashlight 
(standard size D) 

13 M -13R 230 A100 VS336 

VS335 

RM -42R - 
1.5 volts, flashlight 

(medium size C) 
14 M -14R 130 635 - - - 

1.5 volts, penlight 
(size AA) 

15 M -I5R 930 1015 VS334 ZM -9 E -9 VS3i3 

9 volts, cylindrical 
(snap contact, 
I olollhl) 

1600 

1602 

1604 

215 

M -1600 

M -1602 

P6M 226 VS300A - - - 
9 volts, rectangular 

(snap contact, 
134, X b01 x 2 %) 

9 volts, oval 
contact, (snap1 

1:;2 x l /16 o 11%1) 

2M6 246 VS305 - - 
M -1604 2116 216 VS312 TR -146R E -I46 VS312 

22.5 volts, flat 
(flat contact, 
1h2 o % x 2) 

M -215 U15 412 VS084 RM -412R - - 
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RADIO 

How 
Much 

Rf? 
IS A radio signal coming off that an- 

tenna? When this knob is turned, is 
there more or less signal ? Such ques- 
tions are commonplace to the ham oper- 
ator and mobile service technician. This 
little untuned field- strength meter an- 
swers them, and cheaply too. 

Hook a pair of diodes to a short pick- 
up antenna, place it where the rf is to 
be measured and connect the rectified 
signal (which is proportional to the in- 
coming rf) to a meter. The indicating 
meter may be mounted at the operating 
table and the pickup head placed 50 feet 
or more away. 

The signal picked up by the head is 
rectified and carried to the indicating 
meter as direct current. Since the in- 
strument performs one specific function, 

24' PICKUP WIRE 
SHIELDED CABLE 
LENGTH AS REO'D 

IN34 -A(2) O -IMA 

determining the presence of rf, and since 
the cost of parts is low, there is no need 
of providing for plug -in features, cali- 
bration or removal of components, ex- 
cept the meter itself. It, of course, can 
be switched to other functions. Transis- 
tors, tubes and batteries are eliminated 
by using a diode pair. No resistors are 
necessary- unless a strong rf signal 
that might damage the meter is meas- 
ured -then the usual shunting resistors 
for the meter should be used or a less 
sensitive meter connected. Capacitors 
are not mandatory, even on the output 
of the diodes. The capacitance of the 
shielded cable furnishes enough storage 
action for radio frequencies. 

When the pickup head was located 
about 100 feet from an aerial which was 

connected to a 40 -watt transmitter, the 
meter indicated 1 ma when the trans- 
mitter's output was properly adjusted, 
and zero when the transmitter was im- 
properly adjusted or the antenna discon- 
nected from the transmitter. By placing 
the pickup head in a location remote 
from the transmitter itself, the actual 
radiation from the transmitting antenna 
can be determined. Irvin C. Chapel. 

JULY, 1960 

introducing the 

world's smallest 

cardioid dynamic 

microphone 

SHUFRE 

EVERYTHING YOU WANT IN '- 

QUALITY CARDIOID MICROBE 3NE 
... AND THEN SOME! 

Compact size ... modern desil-n . 

wide response ... superior feedback 
suppression ... uniform cardio il pat- 
tern ... ruggedness ... reliability; you 
name it, SHURE has designed :t into 
the dramatic new Unidyne III. 
50% SMALLER -Less than 6' 
0.6 Ib.! 

PERFECTION IN PERFORMANCE- roving 
coil design with truly uniform cardioid 
pick -up pattern. Response: 50 to _5,000 
cps. Up to 75% greater distance=_ from 
sound source. Impressive feedaac:c sup- 
pression. 
MAXIMUM VERSATILITY- unnbl -usive 
size, dual impedance, light Keigtt, in- 
stant change from stand to ham :, and 
wide -range response make it ids al for 
faithful reproduction of voice m -rusic, 
indoors or out, for P.A., tape rec riding 

. anywhere fine quality is n' aired. 
RUGGED AND RELIABLE - Fa.nous 
SHURE quality. Takes 6 -feet drop - 
tests and still performs accord ig to 
specifications! 
Literature available: 

SHURE BROTHERS, IN( 
222 Hartrey Ave., Evanston, 1 1. 

$5000 
Professional Net 

HELP WANTED? 
-you'll get what you want if you advertise 
in RADIO -ELECTRONICS Opportunity Adlets. 
Rates as low as $5. Write 

RADIO -ELECTRONICS 

154 West 14th Street New York I I , N. 
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RADIO 

INTERFERENCE- 
CA USES, REMEDIES 

and LOCATION Problems with TV sets and radios 
can generally be solved by finding 
out what causes the interference 
as the first step in eliminating it 

By FORREST H. FRANTZ, SR. 
ELECTRICAL interference is annoy- 

ing to the broadcast listener, 
exasperating for the shortwave 
listener and frustrating to hams. 

Natural electrical interference cannot 
be controlled; man -made interference 
can. The effects can often be eliminated 
at the receiver, but in some cases 
interference must be eliminated at the 
source. 

To cope effectively with electrical 
interference, it is important to under- 
stand how it's generated and trans- 
mitted. When the type is recognized, 
the source can be found and eliminated. 

The causes of man -made interference 
fall into four general categories: 

1. Switching 
2. Discharges 
3. Radio -frequency leakage 
4. Harmonic generation 
Switching noise occurs at electrical 

switches and commutators. Typical 
offenders are: light switches; ther- 
mostats on electric irons, heating pads 
and home heating systems; switches 
and flashers on advertising signs; 
commutators on electric motors, indus- 
trial equipment and home appliances, 
and poor electrical connections. 

This interference is caused by arcing 
when an electrical circuit is opened or 
closed. Fig. 1 -a shows the idealized 
waveform for switch operation, with its 
characteristic steep rise and fall. Fig. 
1 -b shows a practical waveform. The 
fall time is increased and current decay 
is irregular. The arc radiates a complex 
signal which contains many frequencies. 

An intermittent break in a poor 

Fig. 
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electrical connection can be extremely 
harassing because arcs are continuously 
struck and extinguished in a haphazard 
way. Arcing is a type of electrical dis- 
charge that occurs at relatively high 
currents (generally 100 ma or more). 

Glow discharges such as those asso- 
ciated with neon and fluorescent lamps 
occur at intermediate currents (gen- 
erally a few microamperes to several 
milliamperes). Glow discharge tubes 
are ordinarily ac- operated. The ac volt- 
age acts as a switch for the discharge. 
The resulting interference looks like 
the waveforms of Fig. 2. The voltage 
increases from zero to the glow striking 
voltage. The tube fires and the current 
drops in an oscillatory manner till the 
voltage reaches the extinguishing value. 
Again a series of harmonic -rich oscilla- 
tions occur as the current drops to zero. 
The process is repeated during the 
negative half -cycle. A total of four 
oscillatory discharges occurs during 
each voltage cycle, or 240 times a 
second with a 60 -cycle line voltage! 

Corona discharges usually occur at 
extremely high voltages and are char - 
acterized by extremely low currents. 
Interference picked up on automobile 
radios while passing near high- voltage 
lines is due to corona discharge. This 
type of discharge occurs during the 
voltage peaks of the ac cycle. Fig. 3 
shows the waveform. This interference 
may contain frequencies from the audio 
range up to several hundred mega- 
cycles. 

Radio -frequency (rf) leakage inter- 
ference is generally caused by inade- 
quate shielding of rf generators such 
as induction heaters, diathermy ma- 
chines and high -voltage power supplies 
which employ rf oscillators. Occa- 
sionally, it's an interfering radio 
station. Interference of this type differs 
from the others -it is tunable. 

Harmonic interference is caused by 
generators of nonsinusoidal waveforms. 
Sawtooth and square waves contain 

ference may reach a receiver by conduc- 
tion through the power lines, most 
interference is picked up by the re- 
ceiver antenna. Interference conducted 
to the receiver through the power lines 
may be radiated within the set and 
picked up by the receiver input circuit. 

Conduction of interference to the 
set via the power lines may generally 
be eliminated by connecting a capacitor 
of .01 to .05 µf across the ac lines for 
ac dc receivers (Fig. 4 -a). The arrange- 
ment in Fig. 4 -b, with a capacitor from 
each side of the line to ground, may 
be employed for :tc receivers. A .05 -µf 

Fig. 2- Current in a glow discharge tube 
goes through several high -frequency 

oscillations each cycle. 

Fig. 3- lligh- voltage corona discharge 
normally occurs during voltage peaks. 

capacitor has a reactance of 3.18 ohms 
at 1 megacycle and 0.318 ohm at 10 mc. 
This is a near short circuit to rf signals. 

Interference introduced via the an- 
tenna is another matter. If the receiver 
uses a loop antenna, it may be possible 
to take advantage of the directional 
characteristics of the set. The other 
avenue open is to locate the noise and 
eliminate or suppress it at the source. 

The external antenna in this age of 
high -sensitivity receivers is frequently 
a piece of wire strung inconspicuously 
around the room. If the wire is close to 

many harmonics of the fundamental 
frequency. Thus, a 10 -kc sawtooth sig- 
nal might contain troublesome har- 
monics at frequencies as high as a 
megacycle. 

Remedies at the receiver 
A receiver picks up signals with 

a household power line or within several 
feet of a fluorescent lamp (and it often 
is), interference may be reduced by 
relocating the antenna wire or resort- 
ing to an outside antenna with a 
shielded or twisted -pair lead -in. The 
shield or unused wire in the case of 
a twisted pair should be connected to 

1-Waveform of: a -ideal and power levels of considerably less than the receiver ground (Fig. 5). b- practical switch operation. a billionth of a watt. Although inter- An outside antenna can become a 
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source of noise in itself if the lead -in 
is not soldered to the antenna proper 
or if the lead -in is permitted to touch 
rain gutters or other metal objects. 

Tunable rf signals may be reduced 
with a wavetrap. Two types of wave - 
traps and their connection modes are 
shown in Fig. 6. The inductance- 
capacitance combination is the same 
as you'd use in a receiver to tune to the 
interfering station. Set the wavetrap 
capacitor for minimum signal pickup. 
The trap of Fig. 6 -a inserts a large 
impedance between antenna and re- 
ceiver at the interference frequency. 
The trap of Fig. 6 -b places a low 
impedance across the antenna and 
ground terminals at the interference 
frequency. 

In a television receiver, interference 
signals below 50 me may feed through 
the front end of the receiver and be 
amplified by the broad band if stages. 
High -pass filters which attenuate sig- 
nals up to about 50 me are available 
commercially. This type of filter is 
connected between the lead -in and the 
TV set's antenna terminals. The filter 
must be chosen to match the impedance 
of the transmission line -300 ohms for 
ribbon, 72 ohms for coax. 

If TV interference is tunable, a 
wavetrap may be employed. A single 
series - resonant trap connected across 
the transmission line terminals as 
shown in Fig. 7 is preferable. (This 
arrangement will also work on FM 
receivers.) Symptoms of interference 
that a filter or a trap might cure are 
noise streaks, sound bars and herring- 
bone patterns on the picture. TV pic- 
ture pulling and FM receiver cross- 
talk between adjacent stations can 
often be eliminated with a wavetrap 
tuned to sappress the stronger station. 

Locating the noise 
If the suggested remedies applied at 

the receiver do not eliminate interfer- 
ence, you might as well get out your 
deerstalker and turn into a noise sleuth. 

If the noise is the result of non - 
sinusoidal signal generation, the source 
is usually a piece of electronic equip- 
ment. Television receivers are primary 
suspects. Find out if your own TV set 
is causing your interference by observ- 
ing if the noise exists with the set on 
and disappears with it off. Discharge 
interference will be apparent at rela- 

SIMPLE LINE FILTER FOR 
AC OR AC-DC RCVRS 

Q 
RCVR ON-OFF SW 

-o o 

MORE EFFECTIVE FILTER 
FOR AC RCVRS 

Fig. 4 -Line filters for: a -ac and ac- 
dc and b -ac only receivers. 

uu- 

léw H. 

2 watt 
0 KLH 

H. H. SCOTT prcully intro- 
duce; the most powerful, 
most versati e corn r12te s.ereo 
amplifier ever made. A recent 
demc.r:stratic n at KIM Re- 
sear- anc Deiclopment 
Corp., Can_bridge, Mass., 
proved the 272'3 a lr rzing ca- 
pabibt_es. This Fowcrful new 
unit simultaleously drove 20 
KLH Model Six speakers to 
full ropm vclume (-Kith vir- 
tually unmeasurable distor- 
tion). 

UNLIMITEL VERSATILITY 

The vzrsatil ty of tie 272 is 
unmatched. It has 25 separate 
conticls. Its r.c.vatced fea- 
tures nclude such [I H. Scott 
exclusives as: electronic Dy- 
naural Rumble Suppressor~ 
which autos- atical y removes 
annoviHg to :ntabh and rec- 
ord- chcinger rum:rle without 
audible loss of musi =; unique 
Picic -Ip Sclecto . Switch; 
separate Bass an_l Treble con- 
trols on eacl- channel; Center 

-sols on each channel; Center 
'channel Output wit: front 
'mane] control; massivE output 
.ransforrners using EL34 out - 
-ut tubes. Totai ,ht -7 
rounds. Power Rather: 
-:atts per channel 'IHFM 
rating); 0.81, Tota Ha:- 
=non :c Distorticn. 1269.95 
Slightly higher West c2 Rock - 
) S. Accessory Case Extra. 

. .. 
41 H. H. SCOTT 

H. H. Scott Inc., Dept. 1E7 
11 Fowdernill Road, Maynard, Mass 

Rich ma your Kew 1960 I- Fi Guide 
anc Cata og. 

D Als3 iodide complete ter -nical n. 
tcrnation on your powerti! new 272 
complete stereo amplifier. 

LAME 

ADDRESS 

CITY STaTF 

Erport Telesco Int.raational, =i W 40th 
,t., 

Co ured by one or norr g Ihr Jcl- 
Cwi. patents: 3,C0[,971, 4.G0G,973. 
*<.60&073. 
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Solve Rough Sweep Output Problems 

; 
pvNA>Mo 

1, Provides composite synchronizing 
signals (n;gative Or positive to inject 
directly in each sync stage. 

2. Provides plate drive signal to check 
complete vertical output circuit, 
including V.O. transformer. 

3, Provides vertical yoke test signal to 
determine if vertical yoke windings 
are defective. 

4., Provides sorizontal plate driving 
signal to directly drive TV horizontal 
output transformer circuit. 

5. Provides 3+ boost indicator. 
6. Provides unique high -voltage indicator. 
7 Provides sensitive tests for each 

of the ho izontal output components, 
including H.O. transformer and 
yoke. Immediately reveals their true 
condition, good or bad. 

:: .1« a 
0 e , e 

NEW Lja7 
DYNA -SWEEP 
CIRCUIT ANALYZER 

Quickly solves tough output servicing 
problems that have always plagued the 
TV serviceman. Provides horizontal and 
vertical sync and driving pulses that 
make it easy to check out every stage in 
the sync and sweep sections of a television 
receiver. Tracks down troubles in the 
horizontal and vertical output circuit, 
including defective output transformer 
and yoke. Checks for shorted turns, 
leakage, opens, short circuits, and 
continuity. Gives unique high- voltage 
indication. Eliminates trial and error 
replacements. Saves many hours of service 
work! Pays for itself over and over again. 
Model 1070 Dyna- Sweep. Net, $74.95 

MODEL A107 DYNA -SWEEP CIRCUIT ANALYZER 
for use with B &K Model 1075 Television Analyst 

Functions like the Model 1070 above, 
but is designed as a companion unit for 
use only with B &K Model 1075 Television 
Analyst for driving source. Makes your 
Television Analyst more useful and 
valuable than ever. Net, $54.95 

See your E &K Distributor or Write for Bulletin ST24E 

Bak MANUFACTURING CO. 
1801 W. BELLE PLAINE AVE CHICAGO 13, ILL. 

Curado: Atlas Radio Corp., 50 Wingold, Toronto I O, Ont. Export, Empire Exporters, 277 Broadway, New York 7, U.S.A. 

RADIO -ELECTRONICS pays 53.00 for good 

cartoon ideas and 515 and up for finished work. 

R adio-Electronics 154 West 14th St., New York 11, N. Y. 
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tively high frequencies. Sources of 
thermostat arc noises and appliance 
interference created in your home are 
usually obvious, since you know when 
these devices are being operated. 

Assuming nothing this obvious, turn 
on a battery -operated portable radio 
and tune it off station. Pull the main 
fuse or switch on your house wiring 
panel. If the interference disappears 

TWISTED PAIR 

QA 

G 

- RECEIVER 

4 

® 
00 O ó 

COAX 

L .A 
11 
°o ° 

_ RECEIVER 

Fi. .i-ItirhJrtl and 1s,i-Ittl-pair Itatl- 
ins reduce nttist. 

Fig. 6-Parallel-resonant s asetrap in 
series with antenna, b- series -resonant 
trap across antenna -ground terminals. 
or drops significantly, the noise source 
is probably connected to the electrical 
circuit in your home. Now you can 
turn the main switch on and turn the 
other circuits off one at a time till the 
interference stops. From this point on, 
it's a matter of locating the offending 
appliance, lamp or defective wiring. 

A battery portable radio may be use- 
ful in locating the source of the noise 
by actually homing in on it. For this 
type of work, a battery receiver with a 
highly directional antenna and a signal - 
level meter such as the Heathkit DF -1 
radio direction finder is invaluable. 
If the noise is not being generated on 
your premises, scout the neighborhood 
with your hattery- operated portable. 

Remedies at the source 
Remedies at the source depend, of 

course, on the type of interference. 
Noise due to motor commutator arcing 
may usually be suppressed with a 1 -µf 
600 -volt capacitor connected across the 
line terminals at the motor. A 0.1 -pf 
600 -volt capacitor is more practical for 
portable tool and vacuum cleaner 
motors. The motor frame should be 
grounded as a safety as well as a noise 
precaution. A .02 -4 capacitor con- 
nected from each side of the line to the 
grounded frame may reduce the inter- 
ference further. In extreme cases, a 
commercial filter (a capacitor-inductor 
combination) may have to be used. 

Contact arcing on switches, relays 
and thermostats where currents of less 
than 3 amperes are involved may be 
reduced with a 0.1 -trf capacitor con- 
nected across the contacts. To limit 
charge and discharge currents, a 100- 
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ohm 1/2-watt resistor should be con- 
nected in series with the capacitor 
(Fig. 8 -a). The voltage rating of the 
capacitor depends on the circuit induct- 
ance. If the contacts control a device 
for which timing is important, the R -C 
combination of Fig. 8 -a cannot be used. 
Instead, two 1- millihenry rf chokes of 
adequate current rating for the load 
may be connected as shown in Fig. 8 -b. 

To suppress fluorescent fixture inter- 
ference, connect a .05 -pf capacitor 
across the line and connect a .02 -pf 
capacitor from each side of the line to 
the metal frame of the fixture. The 
filter should he mounted inside the 
grounded fixture frame. Interference 
from neon signs may be minimized by 
removing protruding points in the 
wiring which might allow auxiliary 
discharges and by cleaning switch con- 
tacts periodically. High- frequency oscil- 
lations may be damped by placing a 
47,000 -ohm resistor in series with each 
of the transformer secondary leads to 
the tubing (Fig. 9). 

Interference from automobile ignition 
systems to home receivers is rarer 
ever bothersome. But the ignition sys- 
tem will introduce noise to the auto- 
mobile radio if it isn't suppressed. 
Ordinarily a resistive suppressor in the 
ignition coil lead to the distributor, 
and a 0.5- or 1 -pf capacitor from the 
ammeter to ground will suppress igni- 
tion noise. This, of course, assumes a 
properly shielded antenna lead with a 
good shield connection to the auto 
frame. A 0.5- or 1 -pf capacitor should 
be connected across the generator to 
suppress generator noise. In severe 
cases, particularly in older cars, addi- 
tional measures may be required. END 

Fig. 7- Series -resonant wavetrap may 
be connected directly across transmis- 

sion line. 

Fig. 8 -a -R -C combination suppresses 
arcing, b-rf chokes can be used on 

device where timing is important. 

Fig. 9-Resistors damp oscillation in 
neon tubes. 

JULY, 1960 

zw2 MODEL 550 
DYNA-QUIK 

DYNAMIC MUTUAL CONDUCTANCE TUBE TESTER 

Greatest value for professional servic- 
ing! Provides 52 tube sockets to test 
more tubes faster, easier, with labora- 
tory accuracy. Measures true dynamic 
mutual conductance. Quickly detects 
weak or inoperative tubes. Sells more 
tubes. Saves call -backs. Makes more 
money for you every day. 

Tests Each Section of Dual-Section Tubes Separately 

Completely tests each tube in seconds. Checks 
average TV set in a few minutes, in home or 
shop. Checks tubes for shorts, grid emission, gas 
content, and leakage. Shows tube condition on 
"Good -Bad" scale and in micromhos. No multiple 
switching. Quick- reference listings on socket 
panel and handy chart. New tube reference 
charts regularly made available. Patented 
automatic line voltage compensation. Phosphor 
bronze contacts. A real $ 995 
professional instrument for only NET 

See ycur B &K Distributor or Send for Bulletin ST24 E 

B&K MANUFACTURING CO. 
1801 W. BELLE PLAINE AVE CHICAGO 13, ILL. 

Canada: Allot Rodio Corp., 50 Wingold, Toronto 10, Ont. Export: Empire Exporters, 277 Broadway, New York 7, 

SAVE CUSTOME 3 

SUPER POWERED SINGLE CHANNEL AMPLIFIER 
Minimum 20V -5 Watts on All Channels 
This all new super powered unit has the highest output of any 
TV channel amplifier with sufficient power to cover large 
communities with ample signal voltage and deliver a strong 
signal thru many miles of cable. The unit was designed spe- 
cifically for community television and is the only unit of its 
kind that does not produce power in fractions of a waft. 
For full rated output a high -powered commercial transmitting 
tube is used. 

C. C. S. Service 26 db min. gain 6 -8 mcs. band width 
Channels 2 -13 as specified Requires only 1 V input 
Co -axial input and output connectors for 75 OHM Line 
Linear class A operation Low Power Drain 11 Amp.) 

Write for details today. 

SEG Electronics 1778 -A Flatbush Ave., Brooklyn 

MODEL SF, 

$350 

10, New York 
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NMI'' 
TOI1[S\ 

and 

EDhI- 

CUODUCTORS -T 
TUBES for audio dominate this 

month. Sprinkled throughout the 
releases are a hi -mu twin triode 
and two power pentodes for audio 

amplifiers. In between we have a TV 
horizontal oscillator and a group of ger- 
manium diodes. 

6GH8 
A multi -unit tube in a 9 -pin minia- 

ture envelope. A medium -mu triode and 
a sharp -cutoff pentode are enclosed in 
the envelope and are intended for use 
in multivibrator type horizontal deflec- 
tion oscillators in TV receivers. The 

6GH8 

6GH8 can also be used as an age 
amplifier or sync separator. 

Characteristics of the RCA 6GH8 in 
class -A, amplifier service are: 

TRIODE PENTODE 

GT 

VP 

VG2 

Val 

125 

-I 
46 

Rp (k ohms) 5.4 
lag (ma) - 
Ip (ma) 13.5 
gm (µmhos) 8,500 
VG, (for 10 -pa 

plate current) -8 -8 
2N 1 501, -1502 

These hermetically sealed germanium 
p -n -p transistors are designed for a 

BASE EMITTER 

125 
125 -I 

200 
4.0 

12 

7,500 

COLLECTOR 

2N1501, 
2N1502 

variety of uses including servo ampli- 
fiers, power conversion, voltage regula- 
tion, switching, etc. 

Maximum ratings of these Minneap- 

102 

olis- Honeywell transistors are: 
2N1501 2N1502 

Vice 60 40 
VCE (active region) 

(emitter forward 
biased) 40 40 

(Cutoff region) 
(emitter reverse 

biased) 60 40 
VE, 28 28 
IE (amps) (rms) 3.5 3.5 
IS (amps) (rms) 0.5 0.5 

DC 7, 7A, 7B, 7C, 7D 
These uhf germanium mixer diodes 

are designed and manufactured for 
1,000 -mc applications. Made by Semi- 

Elements Inc., they replace two diodes 
that have been discontinued by G -E- 
the 4JB2E9 and the G7B. 

All units have the following specifica- 
tions: 

!average dc ( ma ) 25 
1pe,k do (ma) 75 
Operating frequency (mc) 1,000 
Pset,l (mw) 250 

The table breakdown shows variations 
between the units: 

Type 

DC 7 

DC 7A 
DC 78 
DC 7C 

DC 7D 

stereo amplifier systems. Because of its 
high power sensitivity, the 60FX5 can 
be driven to full output by a ceramic or 
crystal phono cartridge. 

GI 

G2 

60FX5 

Typical operating characteristics of 
the RCA 60FX5 in class-Al amplifier 
service are: 

VP 110 
VG2 115 
RK (ohms) 62 
VG, (peak af) 3 

IP (zero signal) (ma) 36 
(max signal) (ma) 35 

1G2 (zero signal) (ma) 10 
(max signal) (ma) 12 

RL (ohms) 3,000 
Harmonic distortion ( %) 8 

Power output (max) (watts) 1.3 

6EU7 
A high -mu twin triode in a 9 -pin 

miniature envelope especially designed 
for use in high -gain resistance- coupled 

HO 2 KTI 
6EU7 

audio preamplifiers. The RCA 6EU7 has 
an amplification factor of 100, low hum, 
low microphonism, double helical heat- 
ers and a special basing arrangement 
that lets the circuit designer get good 
isolation between stereo channels. 

Operating characteristics (per sec- 
tion) of the 6EU7 are: 

Vp 100 100 
VG - I -2 
µ 100 100 

Rp (k ohms) 80 62.5 
qe, (pmhos) 1,250 1,600 
IP (ma) 0.5 1.2 

35EH5 
A power pentode in a 7 -pin miniature 

envelope. It is intended for use in the 

Use Peak Inverse Minimum IF 
Voltage Rect. Elf. Impedance 

Detector and Meter 15 75% - 
Uhf Mixer IO 250 ohms 
Uhf Mixer 5 50% 250 ohms 
High -level, high -efficiency 10 60% - 
Detector and mixer 70 % 
High -level, very -high- 

efficiency meter 
detector and mixer 

15 85% - 

60FX5 
This is a power pentode in a 7 -pin 

miniature envelope that is designed for 
use in the output stages of inexpensive 
audio amplifiers. It is particularly 
suited for use in 2 -tube series -string 

audio output stages of FM or AM -FM 
radios and audio amplifiers operating 
from transformerless ac or ac -dc power 
supplies. Two 35EH5's, a 12AX7 and a 
35W4 can make up the entire tube com- 
plement of a stereo amplifier system 
using a series heater string. 
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NEW TU 3ES & SEMICONDUCTORS (Cont'd) 

GI 

GI 

G2 

K G3 

35EH5 
Typical operating characteristics of 

the RCA 35EH5 class -Al amplifier 
service are: 

VP 

VG2 

RI< (ohms) 
VG, (peak af) 
Iv (zero signal) (ma) 

(max signal) (ma) 
102 (zero signal) (ma) 

(max signal) (ma) 
Rp (approx) (ohms) 
gm (µmhos) 
RL (ohms) 
Harmonic distortion (° /,) 
Power output (max) (watts) 

110 
115 
62 

3 

32 
32 

7.2 
12 

14,000 
12,000 
3,000 

8 

1.2 

CST -1744, -1745, -1746 
These special -size germanium p -n -p 

transistors are designed for use in am- 
plifier circuits where their improved 
frequency response leads to higher au- 
dio fidelity, in switching circuits where 
they provide faster switching and in 

BASE 

COLLECTOR 
CONNECTED 

EMITTER TO CASE 

\ 425" 
"- APPROX 

CST- I744,CST- 1745,CST-1746 

regulated power supplies where they 
deliver improved performance. 

Maximum ratings of these Clevite 
Spacesaver transistors are: 

VCE 40 
VES 45 
Ic (amps) 3 

I, (amps) 2 

Proni (watts) 12 

Typical characteristics are: 
CST -1744, -1745 -1746 

28 28 32 

15 15 15 

3 3 3 

20 15 20 

GPE (power gain) 
(min) (db) 

fGpE (cutoff freq) 
(typ) (kc) 

D (distortion) 
(typ( ( %) 

h,, (input impedance) 
(typ) (ohms) 

Semiconductor briefs 
New low- and high -voltage military - 

type industrial transistors in 3- ampere 
ratings have been introduced by Mo- 
torola. The high -voltage types have 
collector -base voltage ratings of 120 
volts and collector- emitter ratings of t 100 volts. All of these new transistors 
are germanium p -n -p alloy junction 
units. 

Tiny 1/2 x 1/2 -inch photoconductive 
cells can dissipate up to 500 mw when 
mounted on a heat sink. Two types are 
available: the 504, a cadmium selenide 
unit that has a relatively high speed of 
response; and the 505, a cadmium sul- 
phide unit. Both cells are made by 
Clairex. END 

JULY, 1 960 

Now . . . from Sonotone 

4 Big 
Improvements 
in the quality stereo cartridge 

Sonotone 8TA cartridge re ?laces 

8T as industry standw 

The new Sonotone ;TA 
cartridge gives greater than 
ever stereo performance... 
has 4 big extras: 

fuller, smoother frequency response 
higher compliance than ever before 
lighter tracking pressure 
practically eliminates dust pile -up 

Sonotone 10T unitized stereo at 
lowest price ever 

New 10T cartridge sells at record low price of 
$6.45.* And it covers the complete high fidelity 
range. lOT's unitized construction makes it easi- 
est to install, easiest to replace. Low price means 
more sales -more profits. 

0 V LY 

si 450* 

SPECIFICATIONS 
8TA 1OT 

Frequency Response Smooth 20 to 20,000 cycles. Flat from 20 to 15,000 cyc','s 
Flat to 15,000 with gradual ± 2.5 db. 
rolloff beyond. 
25 decibels 18 decibels 
3.0 x 10 -6 cm /dyne 1.5 x 10-6 cm /dyne 
3 -5 grams in professional 5 -7 grams 
arms 
4 -6 grams in changers 

Output Voltage 0.3 volt 0.5 volt 
Cartridge Weight 7.5 grams 2.8 grams 
Recommended Load 1 -5 megohms 1 -5 megohms 

Stylus Dual jewel tips, sapphire or Dual jewel tips, sapphire or 
diamond. diamond. 

Channel Isolation 
Compl iance 
Tracking Pressure 

`including mounting buckets 

Sonotone makes only 6 basic ceramic cartridge models ... 
yet has sold over 9 million units ... used in over 662 dif- 
ferent phonograph models. For finest performance, replace 
worn needles with genuine Sonotone needles. 

Sonotone®P Electronic Applications Division, Dept. C2 -70 

ELMSFORD, NEW YORK 

Leading makers of fine ceramic cartridges,speakers, tape heads, microphones, electronic tubes. 
In Canada, contact Atlas Radio Corp., Ltd. Toronto 
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new 

PRODUIÎI 
MOUNTING BRACKET, Car - 

dio muster, converts transistor 
radio to auto radio. Powerful 
permanent magnet and adjust- 
able holding bracket holds radio 
near windshield. No additional 
wiring, antennas or motor sup- 
pressors required. -R- Columbia 
Products Co., Inc., 305 Wau- 
kegan Ave., Highwood, Ill. 

RADIO DIRECTION FINDER 
operates on 4 size -D cells. Built - 
in compass. Easy -mounting 

brackets for removal from boat 
for personal use. Superhet. 
Tunes broadcast and marine 
bands. Carrying strap. - Alco 
Electronics, 3 Wolcott Ave., 
Lawrence, Mass. 

MICROPHONES for amateur, 
mobile and Citizens band use. 
Tough plastic case, coiled cord 
(5 feet extended, 11 inches re- 
tracted). Model 350X (crystal): 
response 60 to 6,500 cycles, level 
-48 db. 350C (ceramic): same 

response, output level of -51 (lb. 
350R (carbon ) : response 200 to 
4,000 cycles, level -38 db. All 
models have hanger button and 
dash bracket. Wired for relay 
operation.- Turner Microphone 
Co., 909 17th St., N. E., Cedar 
Rapids, Iowa. 

FM RECEIVER kit model 
777 -1 comes with all transform- 
ers; variable capacitor; 6 tran- 
sistors; antenna, ri and oscil- 
lator coils; knobs. Model 777 -2 

similar to above, but metal case 
and panel. Completed receiver 
has 2.5 -µv sensitivity, afc, ver- 
nier tuning, push -pull output 
stage. -J. W. Miller Co., 5917 
S. Main St., Los Angeles 3, Calif. 
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TV -FM AMPLIFIER model 
BT -3 fully transistorized. Low - 
channel gain 18 to 15 db. High - 
channel gain 19 db. FM -band 

(88- 109 -mc) gain 15 to 9 db. 
Low noise, low cross- modula- 
tion. Minimum operating costs. 
-Blonder -Tongue Laboratories, 
Inc., 9 Ailing St., Newark, N. J. 

ANTENNA covers 10 -, 15 -, 
20 -, 4((- and 80 -meter bands. 
Hy-Tower vertical antenna 24- 
foot steel tower topped by 26- 
foot aluminum mast. Hot- 

dipped, galvanized, X- braced. No 
guy wires required. Vertical fed 
by 52 -ohm coax. 90 pounds. SWR 
less than 2:1 on all bands. -Hy- 
Gain Corp., 1135 N. 22 St., Lin- 
coln, Neb. 

OUTPUT TRANSFORMER 
for vertical deflection use covers 
more than 54 turns ratios. 

2 x 31/4 x 2 inches.- Chicago 
Standard Transformer Corp., 
3501 Addison, Chicago 18, Ill. 

SOLID TANTALUM Capac- 
itors. Sintered tantalum anodes. 
Hermetically sealed in submin- 
iature metal cases. Semiconduc- 
tor electrolyte. Corrosion- and 
leak -free. Aerotan's available in 
insulated and uninsulated cases. 
Operate over range of from 

- 80=C to 125°C.- Aerovox 
Corp., New Bedford, Mass. 

SILICON RECTIFIER line 
for medium -power applications 

handles up to 6 amperes. Avail- 
able in 8 PIV ratings from 50 
to 600 volts. Mounting styles 
1/2-inch hex ceramic insulated 
and 7/16 -inch hex.- Cornell- 
Dubilier Electric Corp., Semi- 
conductor Div., Norwood, Mass. 

STEREO CARTRIDGE Em- 
pire 108. Outputs balanced to 
within 1 db. Response 15 to 

20,000 cycles ±2 db, usable 
output to 30,000 cycles. Channel 
separation 25 db, horizontal and 
vertical compliance 6 X 10 -6 

cm /dyne. Minute moving mag- 
net assures low dynamic mass. 
Output 8 my per channel. - 
Dyna- Empire, Inc., 1075 Stew- 
art Ave., Garden City, N. Y. 

STEREO CARTRIDGES C99 
(shown) and P99 fit ESL -5310 
professional tone arm and any 
standard changer or pickup arm, 
respectively. Response 18 to 20,- 
000 cycles ±2 db. Channel sep- 
aration 20 to 25 db, dynamic 
mass .0025 grani. Output per 
channel 1 my at 10 cm sec. Ver- 

tical and lateral compliance 
5 X 10 ' cm /dyne. -Electro- 
Sonic Labs., Inc., :35 -54 36th St., 
Long Island City 6, N. Y. 

STEREO RECORDER model 
5M -$10 -4 1/4 -track version of 
SM -310. Records 14-track stereo 
or monophonic. Plays hack 1/2- 
and 1/4 -track tapes. All other 

specifications same as S.11-310.- 
Newcomb Audio Products Co., 
6824 Lexington Ave., Hollywood 
38, Calif. 

RECORD CHANGER model 
RC -1 mixes different -size rec- 
ords of same speed. 4 speeds. 
Kit or wired. Plug -in head. 45- 

rpm record adapter and short 
spindle for manual use avail- 
able. No stabilizer arm. Records 
slide gently rather than drop 
down spindle. -Arkay Interna- 
tional, 88 -06 Van Wyck Ex- 
pressway, Jamaica, N. Y. 

SPEAKER SYSTEM. 12 -inch 
woofer, 8 -inch midrange and 
horn -loaded tweeter. Lower 
crossover frequency 200 cycles, 
tweeter takes over at 3,500 
cycles. Regal 300 in 25 x 14 x 

131/2 -inch bookshelf ene osure. 
Response 35 to 18,000 cycles. 
power -handling capability 70 
watts program material, imped- 
ance 8 ohms. Midrange speaker 
in isolated chamber to prevent 
interaction with woofer rear - 
wave pressures. Electro- Voice, 
Inc., Buchanan, Mich. 

SPEAKER SYSTEM for PA 
or stereo use. Rocket has ap- 
proximately 20c /% efficiency. Re- 
sponse 80 to past 15,000 cycles. 
Impedance 8 ohms; power- 

handling capability, 4 watts. 
Operates somewhat like horn, 
but has superior characteristics. 
Horizontal dispersion angle 140 °, 
vertical 80 °, eliminating neces- 
sity for "stereo seat." Place 
on furniture or hang upside 
down on wall. -Karlson Asso- 
ciates, Inc., 433 Hempstead 
Ave., W. Hempstead, N. Y. 

TONE -ARM LIFT clips onto 
pickup arms without tools. 
Spring steel with resilient plas- 
tic covering. Allows needle to 

be placed in proper groove (or 
band) without fumbling. -Clev- 
ite Walco, 60 Franklin St., E. 
Orange, N. J. 

AMPLIFIER CHASSIS model 
M -2. Flat design for low - 
clearance installations. Response 
20 to 30,000 cycles. 3 inputs, 
4- and 8 -ohm outputs. Loudness 

control, tone controls, program - 
selector switch. May be paired 
for stereo use, 12 watts. -Model 
Engineering & Manufacturing, 
Inc., 56 Frederick St., Hunting- 
ton, Ind. 

AUDIO CONTROL has 10 
high -level, 8 low -level inputs. 
Sonic null balancing for per- 
fect stereo balancing without 
guesswork. Model 400 -CX: chan- 
nel blending eliminates "hole -in- 
middle." Center -channel output. 
Response 20 to 20,000 cycles +1/2 
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NEW PRODUCTS (Continued) 

db. Hum and noise more than 
FA db below rated output for 
high -level input. Lights indi- 
cate mode of operation. Scratch 
and rumble filters. 10 tubes. - 
Fisher Radio Corp., 21 -21 44th 
Drive, Long Island City 1, N. Y. 

VOLTAGE REGULATOR ad- 
justs for line- voltage changes. 
4- position switch feeds line 
voltage direct, increases line 

voltage 10%, decreases line 
voltage 10!ßr and shuts off equip- 
ment. Model LR -10 handles up 
to 350 watts.- Vidaire Elec- 
tronics Mfg. Corp.. 44 Church 
St., Baldwin, N. Y. 

SILICONE SPRAY in 6- and 
16- ounce sire. Nonvolatile liquid 
deposited by spray excellent 
lubricant for rubber, leather, 
canvas, metal surfaces, fishing 

reels, etc. Stops sticking, 
squeaks. Repels water. Does not 
wash off readily. Colorless. No 
thickening with age. -Krylon, 
Inc.. Norristown, l'a. 

TOOL KIT model 99N.11 has 
99% of tools required by tech- 
nicians on calls. Iligh- carbon 
steel shafts, polished nickel 

chrome finish. 23 pieces, screw- 
drivers. nutdrivers, reamers, 
pliers, extension blade and 6- 
inch wrench. Xcelite, Inc., Or- 
chard l'ark, N. Y. 

TUBE TESTER .flighty Mite 
tests for cathode emission, in- 
terelement shorts. gas, grid 
emission and grid leakage as 
high as 100 megohms. Setups 

are made with help of small 
attached booklet I new charts 
provided free). 31/2 -inch meter 
glows in dark for easier back - 
of-set servicing. Stainless -steel 
mirror in case lid. Separate in- 
ner chassis removable front case 
for caddy or counter mounting. 
-Sencore, Addison 2, Ill. 

TUBE TESTER checks quality 
of over 700 tube types. Model 
102 -1' checks emission; for gas, 
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leakage and shorts. Multisec- 
tion tubes each section checked 
separately. Tests crystal diodes, 
power rectifiers, pilot lamps and 
fuses. Oak carrying case, etched 
aluminum panel. New charts 
issued periodically. Model AD-I 
available for testing mono- 
chrome and color picture tubes 
for emission, shorts and gas. - 
Mercury Electronics Corp., 77 
Searing Ave., Mineola, N. Y. 

TUBE TESTER TE -15 indi- 
cates shorts and quality. Slide 

switches connect tube elements 
to respective circuits. Power 
switch for high or low line 
voltage. Slide -out tray contains 
tube charts. Meter scale cali- 
brated 0 to 100 plus replace--? - 
good scale. Separate scale for 
diodes.-- Lafayette Radio, 165- 
OK Liberty Ave., Jamaica 33. 
N. Y. 

AMMETER- VOLTMETER for 
car and boat electrical system 
monitoring Kit No. 8.1'711, 12- 
volt systems only. Expanded- 
scale voltmeter reads 9 to 15 
volts. Zero -center ammeter 
reads 30 -0 -30 amps. Illuminated 

e.=10 

by vibration -proof pilot lamps. 
Supplied with cables and infor- 
mation on voltage - regulator ad- 
justments.- Allied Radio Corp., 
100 N. Western Ave., Chicago 
Ito, Ill. 

TRANSISTOR TESTER model 
160 measures beta (gain) di- 
rectly within 3c /r, no interpola- 

tions. Tests for leaky or open 
junctions. Automatically pro- 
vides proper bias for 2nd base 
in tetrodes. Supplies metered dc 
for servicing transistor radios. 
Operates on 105 to 125 volts ac. 
Will not burn out transistor 
being tested. -B. & K. Manu- 
facturing Co., 1801 W. Belle 
Plaine, Chicago 13, Ill. EN 1) 

I All specifications from manufacturers 
data. 

BECOME A RADIO TECHNICI 
for only $26.95 ii 

BUILD 20 RADIO 
CIRCUITS AT HOME 

with the New Progressive 

RADIO "EDU -KIT'- 
All Guaranteed to Work! 
PRACTICAL only 

HOME 95 
RADIO 
COURSE 

NOW INCLUDES * 12 RECEIVERS * 3 TRANSMITTERS * SQ. WAVE GENERATOR * AMPLIFIER * SIGNAL TRACER 
k SIGNAL INJECTOR * CODE OSCILLATOR 

Rag J.S. 
Pat. Off. 

* No Knowledge of Radi: 
Necessary 

* No Additional Parts o 
Tools needed 
Excellent Background f TV 

* School Inquiries Invitee 
Attractively Gift Pack. -I 

FREE EXTRAS 
SET OF TOOLS RADIO & ELECTRONICS TESTER ELEC 

SOLDERING IRON TESTER INSTRUCTION MANUAL MEM 
SHIP IN RADIO -TV CLUB: CONSULTATION SERVICE HI -FI G 

QUIZZES TV BOON FCC AMATEUR LICENSE TRAI 
RADIO BOOK PRINTED CIRCUITRY PLIERS -CUT 

ALIGNMENT TOOL WRENCH SET CERTIFICATE OF M 
VALUABLE DISCOUNT CARD 

WHAT THE "EDU -KIT" OFFERS YOU 
The "Edu -Kit" offers you an outstanding PRACTICAL NOME RADIO COURSE at 

a kbottom price. Our kit is designed to train Radio 6 Electronics Teen, clans. 
making u of the most modern methods of horse training. You will leer i rdo 
theory. onstruction. servicing. basic Hi -Fi and TV repairs, code. FCC i wateur 
license equirements. 

You ill learn how to identify radio symbols. how to react and i ri I sche- 
matics. how tomount and I t radio parts. how to w and solder. how lo -Aerate 

helectronic equipment. how to build radios. Today it is 
wire 

longer necessary t. spend 
undreds of dollars for a radio course. You will i e 

a basic education i radio. 
worth many times the small price you pay. only S26.95 complete. 

THE KIT FOR EVERYONE 
The Progressive Radio EduKit" was specifically prepared for any per. , who 

has a desire to learn Radio. The "Edu -Kit' has been used 
s 

a foully b. young 
and old le all parts of the world. by man Radio Schools and Clubs in. this entry 
and abroad. It is used for training and rehabilitation of rmed Forces P. ,onnel 
and Veterans throughout the world. 

The Progressive Radio "EduKi t" requires no Instructor. All i struck s are 
included. Every step is arefully explained. You cannot make a mistake. 

PROGRESSIVE TEACHING METHOD 
The Progressive Radio "Edu -Nit" Is the foremost educational radio kit n the 

world, and is uni ay accepted as the standard in the field of el ics t ining. 
The 'Edu Kit" uses the modern educational principle of "Learn by r inn. ' 
Therefore. you will construct radio circuits. perform jobs and conduct exp. ments 
to ill uslrale the principles which you learn. 

You begin by examining the v radio parts included the 'EdaK You 
then learn the function, theory and wiring of these parts. Then you build a impfe 
radio. With this first set. you will enjoy listening to regular broadcast s .. tions 
learn theory. practice testing and troubleshooting. Then you build a ad 
vanced radio, learn more advanced theory and technique. Gradually, t Pro' 
gressive m and at your own rate, you will find yourself constructor l more 
advanced multilube radio circuits. and doing work like a professions Radio 
Technician. 

Included in the 'Edu -Kit' e e twenty Receiver. Transmitter. Cod. °snit. 
late.. signal Trace, Signal Injector. Square Wave Generator and Amp)Hier 
These are not unprofessional sbreadboard" experiments. but genuine radio 'suits. 
constructed d of means 

construction 
professional 

)known a ñ 
.'Printed soldering 

cuitry. 
chassis. rcuits new i. 

operate on your regular AC or DC house eu ent. 
In order to provide a thorough, well- integrated and easily -1 carnet radio ourse. 

the 
construction: filt' 

includes practical work as well as theory; troubleshooting addi- 
tion to c nstruction: training for all, whether your purpose in learning r. -e be 
for hobby. business or job: progressively-ar ranged material. ranging from mole 
circuits to well -advanced topics in Ni -Fi and TV. Your studies will be forth, - aided 
by Quiz materials and our well -known FREE Consultation Service. 

THE "EDU -KIT" IS COMPLETE 
You will receive all parts and instructions necessary to build 20 different radio 

and eiectronics circuits. each guaranteed to operate. Our Kits contain tube tube 
sockets. variable.i electrolytic. mica, ceramic and paper dielectric is 
for tie strips. coils. hardware. tubing. punched metal chassis. Instructs' Man 
uals, solde selenium rectifiers, volume controls and switches 

In addition you 
solder. selenium 
receive Printed Circuit materials, including Printed Crcu t ehas 

special tube sockets. hardware and instructions. You also receive a usefu set Of 
tools, a professional electric soldering Iron, and a self- powered Dynamic Ridio & 
Electronics T The 'EduKit" also includes Code Instructions and t Pro 
gressive Code Oscillator, in addition to the F.C.C.type Questions and Answ --rf fo 
Radio Amateur License training. You will also receive 

a 
lessons for s rvi it 

he Prog restive Signal Tracer and the Progressive Signal Injector, and , Nigh 
Fidelity Guide d Quiz Rook. Everything is yours to keep. 

s 
J. S ofn 25 Poplar I.. Waterbury, Conn., writes: '1 have repaired evera 

ets for my friends. and made money. The EduKit" paid for itself. 1 sea ready 
o spend 5240 for a Course. but Iofound your ad and sent for your Kit. 

UNCONDITIONAL MONEY -BACK GUARANTEE 
The Progressive Radio "Edu -Kit" has been sold to many thousands of 

victuals, schools and organizations. public and private. throughout the wo 
i 

s 
recognised internationally as the ideal radio course. 
By popular demand the Progressive Radio "EduKit" is now ava,iat 

Spanish as well s English. 
It i understood and greed that should the Progressive Radio "Edu -K 

returned to Frog ressive "Edu- Kits" Inc.. for any reason whatever, ti'- 
chase price will be refunded in lull without quibble or question. and v. 
delay. 

The high recognition which Progressive "Edu- Kits Inc.. has earned 
its many years of service to the public is due to Its unconditional 
upon the maintenance of perfect engineering- the highest instructions` 
accts. and 100padherence to its Unconditional Money -Back Guarantee 

cult. we do not have a single dissatisfied customer throughout the 
world. 

,di- 
. It 

on 

be 

out 

ugh 
cede 

tire 

r - ORDER FROM AD- RECEIVE FREE BONUS RESISTOR AND 
CONDENSER KITS WORTH $7.00 

C Send "Edu.cit' Postpaid. I enclose full payment of 526.05. 
U Send "Edu -Kit" C.0 D. I will pay 526.95 plus postage. 

Send me FREE additional information describing "EduKit. 
Name 

Address 

Progressive "EDU- KITS" Inc. 1186 Broadway. Dept. 166.6 
Hewlett. N. Y. J 
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"PHOTO FACTS... most complete..." 
"I have found PHOTOFACTS to be the 

most complete service information available on 
all makes and models of radios and television." 

-Aaron F. Triplett 
Flint, Michigan 

Service Technicians! YOU EARN MORE... 

YOU RATE with the public when you own 

the PHOTOFACT® service data library! 
You enjoy maximum earnings as the 
owner of a complete PHOTOFACT 
Service Data Library! It's inevitable, 
because no matter how expert you are, 
you can always save more time on 
any job, get more jobs done daily - 
EARN MORE, DAY IN AND DAY OUT... 

What's more -as the owner of a 
complete PHOTOFACT Library, you 
know your customers' sets best. You 
can actually show each customer you 
have the PHOTOFACT Folder covering 
his very own set. Result : You command 
public respect and acceptance which 
paves the way to more business and 
earnings for you. 
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HOW TO STAY AHEAD... 
Yes, the truly successful Service 
Technicians are those who own 
the complete PHOTOFACT Library, 
who can meet and solve any re- 
pair problem- faster and more 
profitably. And these men keep 
ahead because they're on a Stand- 
ing Order Subscription with their 
Distributors to receive all new 
PHOTOFACTS as they are released 
monthly. (They're eligible for the 
benefits of membership in PEET, 
too -see below!) 
ONLY $10 DOWN puts the com- 
plete PHOTOFACT Library in your 
shop -and you have up to 30 months 
to pay. See your Sams Distributor 

today, or write to 
Howard W. Sams 

NOW IS THE TIME TO JOIN 

THE POWERFUL NEW PROGRAM 

FOR QUALIFIED TECHNICIANS 
If you now own a PHOTO - 
FACT Library or plan to own 
one, you can apply for mem- 
bership in "PEET." It's the 
first industry program really 
designed to build powerful 
public acceptance for the 
Service Technician who qual- 
ifies. Builds enviable prestige 
and business for its members. 
Benefits cost you absolutely 
nothing if you qualify. Ask 
your Sams Distributor for the 
"PEET" details, or mail cou- 
pon today. 

r--- ----- 
HOWARD W. SAMS & CO., INC. 
1726 E. 38th St., Indianapolis 6, Ind. 

Send me full details on the new "PEET" Program. 

Send full information on the Easy -Buy Plan and Free 
File Cabinet deal. 

I'm interested in a Standing Order Subscription. 
I'm a Service Technician full -time; part -time 

My distributor is 

Shop Name 

Attn: 

Address 

City Zone State 

- 

J 

TECHNICIANS 
, 

i 

r 
. 9' -. 

NEW YORK DISTRIBUTORS 
FIGHT STATE LICENSING 

Jobbers in Rochester, Buffalo and 
New York City were largely respon- 
sible for a drive to kill the proposed 
N. Y. State TV technician licensing 
law, according to an article by James 
C. Kinkaid, editorial director of Jobber 
News Magazine. In the April, 1960, is- 
sue of that journal, he said that the 
jobbers fighting the measure were con- 
fident that the State Legislature would 
adjourn without getting the legislation 
out of committee although it was sup- 
ported by Gov. Nelson Rockefeller and 
State Attorney General Louis J. Lefko- 
witz. They were right, neither bill was 
reported out of committee when the 
Legislature adjourned. 

The Guild News, organ of the Radio 
& Television Guild of Long Island, has 
published a list of the jobbers in the 
guild area that fought the bill and sug- 
gests that technicians not deal with 
these firms. 

Jobber News had a list of the anti - 
licensing dealers throughout the state. 
More than 30 firms -most of them in 
New York City -were listed. 

BBB LISTS CODE OF ETHICS 
The Better Business Bureau of 

Greater St. Louis, Inc. (Ill.) has pub- 
lished "Standards of Advertising and 
Code of Ethics" for the service in- 
dustry. 

Some of the points covered in the 
code are: 

Employ qualified (and adequately 
trained) personnel and use approved 
methods and equipment. 

Advertise in a manner fair to both 
customers and competitors. 

Render service promptly and pro- 
ficiently. 

Give an advance estimate and per- 
form only authorized repairs. 

Install parts of equal or better qual- 
ity and performance rating. Return all 
parts and tubes to the customer on 
request, except parts in warranty or on 
an exchange basis. 

Issue an itemized bill. 
A few of the points covered in the 

Standards of Advertising are: 
No firm shall represent itself as an 

authorized service company for a 
manufacturer when such is not the fact. 

Offers of gifts or premiums shall not 
be used. 

Bait advertising and selling prac- 
tices shall not be used. 

There shall be no quotation of a 
price or prices for service calls. It is 
permissible, however, to advertise prices 
for service contracts. 

RADIO -ELECTRONICS 
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TECHNICIANS' NEWS (Continued) 

Exaggerated claims such as "Lowest 
prices in " shall not be used. 

Statements comparing the adver- 
tisers service with a competitor shall 
not be used. An advertiser shall not 
attempt to discredit a competitor. 

NEW LOCAL FORMED 
Thirty TV service dealers in the Can- 

ton, Ohio, area have formed the Tele- 
vision & Electronic Service Association 
of Stark County (TESA Stark Coun- 
ty). 

Royal Lister has been named chair- 
man; Bruce Sullivan, president; Robert 
Wood, vice president; Al Roberson, sec- 
retary, and W. O. Phillips, treasurer. 

Directors are Ben Lowe, Horace Wil- 
liams and Daniel A. Scipione. 

The group has adopted a code of 
ethics including home servicing of sets 
where possible, service within 24 hours 
and presenting estimates before major 
repairs are made. 

JOINS COUNCIL 
The Radio Servicemen's Association 

of Trenton, N. J., has joined the Tri - 
State Council of TV Service Associa- 
tions, according to the Vanguard, organ 
of the council. The Tri -State Council 
covers Delaware, New Jersey and Penn- 
sylvania. 

TESA MIAMI ELECTS 
The Television & Electronic Service 

Association of Miami, Inc., has elected 
new officers. In order of their appear- 
ance in the photograph, they are: (left 
to right, back row) Charles D. Pierce, 
2nd vice president; Roger Misleh, 1st 

took over the vacated office of presi- 
dent. 

Secretary Ray Stanley also resigned. 
Garland Hoke, a Director, agreed to 
take over as acting secretary until Sep- 
tember. 

BILL TO BE RE- INTRODUCED 
The Empire State Federation of 

Electronic Technicians Associations 
(ESFETA) expects to have a tele- 
vision- technician licensing bill re- intro- 
duced into the next session (starting in 
January) of the New York State Leg- 
islature, according to Robert Larsen, 
executive director of Radio & Television 
Technicians Guild of Long Island. The 
Legislature closed their last session 
without passing a previously introduced 
license bill. It caused considerable de- 
bate among technicians and their sup- 
pliers. 

A group of 10 Buffalo, N. Y., elec- 
tronic parts distributors, opposing the 
bill stated that it would cut down on the 
supply of future electronic technicians. 
They claimed the apprentice clause in 
the bill would restrict the entry of new 
technicians because apprentices cannot 
earn a living wage. A resolution drawn 
up by the dealers and sent to the State 
Senate and Assembly stated that the 
proposed law would not fulfill its oh- 
jectives, and TV prices would rise be- 
cause of the closed shop the legislation 
would produce. The resolution also hit 
the legally necessary grandfather 
clause, saying that it accepts techni- 
cians who may be cheats or incompetent 
and gives them an implied indorsement. 
John A. Wheaton, of the Guild, an- 

vice president; James J. Ross, corre- 
sponding secretary; Sam Kessler, re- 
cording secretary; (front row) C. W. 
Minter, treasurer, and A. Edward 
Stevens, president. 

PRESIDENT RESIGNS 
Ken LaRue has resigned as president 

of the North Carolina Federation of 
Electronic Associations, Inc., according 
to The Printed Circuit. He explained 
that his business has recently been a 
great deal more inclined toward sales, 
instead of service, and he must corre- 
spondingly devote a large portion of his 
time toward sales. 

As provided by their Constitution, 
the vice president, Charles McBroom, 

JULY, 1960 

swered this statement in a letter to 
Home Furnishings Daily, pointing out 
among other things that the grand- 
father clause is a constitutional pro- 
tection needed so that individuals can- 
not be legislated out of their livelihood. 

He went on to say that the argument 
against the apprentice clause actually 
admits "the present low level of in- 
come in the trade. The ... license bill 
would provide a healthier TV service 
field, and a more attractive one for 
young people to enter ". 

NATESA DIRECTORS MEET 
National Alliance of Television & 

Electronic Service Associations direc- 
tors held their annual spring meeting 

GREAT NEW 

SAMS BOOKS 

7 

rnrarami 

"Tube Substitution Handbook" 
Compiled by theengineering staff 
of Howard W. Sams & Co., Inc. 
Lists over 1500 American receiv- 
ing tubes, including more than 
300 which can be replaced by 
European receiving tube types. 
Also lists 400 picture tubes; 179 
European types that can be re- 
placnd by American tubes, and 
78 receiving tubes replaceable by 
industrial types. Includes help- 
ful facts on tube substitution. 
Invaluable reference for techni- 
cians. Handy 53 x 8W size. _ $150 Only 

"Practical Transistor Servicing" 
by William C. Caldwell 

The latest word on how tran- 
sistors and transistor circuita 
operate -shows how to signal. 
trace and diagnose portable and 
auto -radio troubles. Tried and 
tested procedures are based on 
the premise that time saved is 
money earned." Concentrates on 
the practical in 8 fact -filled chap- 
ters: tells clearly how transistors 
work; describes circuit compo- 
nents and their functions; shows 
how to isolate troubles; indicates 
normal transistor voltages and explains meanings 
of defective voltages; tells how to test transistors; 
shows how to troubleshoot auto radios; gives actual 
case histories. Profusely illustrated; 5},ÿi8 41' 95 Only 

"Rapid Printed Circuit Repair" 
by G. Warren Heath 

Printed circuit boards, now be- 
ing used in more and more elec- 
tronic devices, can be a headache 
to the technician unless he under- 
stands their function and how to 
repair them. This practical book 
avoids complicated theory; it 
clearly describes and illustrates 
the fundamentals of printed cir- 
cuitry and the components used 
by various manufacturers. Serv- 
icing and repair techniques and 
the various types of defects likely 
to be encountered are listed in alphabetical 
order for easy reference. 53,6 x 8yÿ'. Only. .. $I 

"Electronic Tips and Timesavers" 
by John Comstock 

Includes over 300 ingenious time - 
and money -saving tips- solving 
just about any problem the tech- 
nician, engineer, builder or ex- 
perimenter might face. Simply 
written and supported by illus- 
trations, these bench -tested hints 
will save you much effort and 
frustration. You'll want to keep 
this book handy for constant ref - 
erence use. Eight sections include 
tips on bench and field servicing, 
shop and truck equipment, 
soldering, tools, test equipment, constructic i $ 50 and experimentation. 5y¢ x Only. 

li 

HOWARD W. SAMS & CO., INC. 

Order from your Sams Distributor todae, 
or mail to Howard W. Sams 3 Co., Inc., Gap' G- 20 
1720 E. 38th St., Indianapolis 6, Ind. 

Send me the following books: 
"Tube Substitution Handbook" (TUB-1) 
"Practical Transistor Servicing" (PTC -1) 
"Rapid Printed Circuit Repair" (PC -2) 
"Electronic Tips and Timesavers" (TSC -1) 

i enclosed. Send Free 8c..k List 

Name 

Address 

City Zone State ' -rata. (outside U.S.A. priced slightly higher) summusa l 
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15,000,000 
is a lot of anything- 

whether it's dollars, 
donuts or... 

TV and FM TUNERS 
Air 

Since the early days of television, Sarkes Tarzian has 
turned out over fifteen million TV Tuners for the nation's 
leading manufacturers of receivers. 

That's a lot of TUNERS in anyone's language. 

The Tarzian technical "know- how " -combined with modern, 
automated production facilities -has led Tarzian to the 
position of the world's leading manufacturer of tuners. 

And, only Tarzian offers both the HOT ROD (turret -type) and 
SILVER SEALED (switch -type) ... as well as the newer Hi Fi 
FM Tuner. All with the built -in reliability that has helped 
make the Tarzian Tuners world famous. 

For more information, write to: Sales Department 
Tuner Division 

ARKES TARZIAN INC 
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east hillside drive bloomington, indiana 
Manufacturers of Semiconductors, Air Trimmers and Broadcast Equipment 

TECHNICIANS' NEWS (Continued) 

at Tulsa, Oklahoma. As was promised 
by TESA Oklahoma president, H. O. 
Eales, a working oil well was given 
away. It was rolled into the room on a 
dolly, plugged in and presented 
to Vincent Lutz, past president of 
NATE SA. 

TESA's Chicago Director reminded 
all present that the general NATESA 
convention is to be held Aug. 19 -21 at 
the Sheraton Towers Hotel in Chicago. 
1111111111111 

AItEN "T YOL ON TILE LIST? 
RADIO -ELECTRONICS is publishing a list of known 
service associations in North America. Areas covered 
so far are: Pennsylvania, New York, Ohio, Iowa, 
North Carolina, Kansas, Arizona, Michigan, Cali- 
fornia, Ontario (Canada), Massachusetts, Missouri, 
Minnesota, Florida and Montana. The listings started 
in the August, 1959, issue, and can be consulted for 
the name of the Association nearest you. If you be- 
long to an association that has not been listed, let 
us know about it. 

States that seem reluctant to admit that they have 
any activity are Arkansas, Connecticut, New Hamp- 
shire, Oklahoma, Rhode Island and Texas. Alaska 
and Hawaii seem to have no activity at all. 

To list an association or to find out +he name of 
the one nearest you write to: Associations Editor, 
RADIO -ELECTRONICS, 154 W. 14 St., New York II, 
N. Y. 

FLORIDA 
TELEVISION & ELEC- 

TRONIC SERVICE 
ASSOCIATION OF 
MIAMI, INC. (TESA 
MIAMI) 

James J. Ross, corres. 
sec'y 

(M. Reiser, acting 
corres. sec'y) 

119 N. W. 12 Ave. 
Miami 

TELEVISION SERVICE 
DEALERS ASSOCIA- 
TION OF PALM 
BEACH (TSDA 
Palm Beach) 

Roy Batton, president 
407 Flamingo 
W. Palm Beach 

TELEVISION SERVICE 
DEALERS ASSOCIA- 
TION OF ST. 
PETERSBURG (TSDA 
St. Petersburg) 

Bud Fox, president 
P. O. Box 2711 
St. Petersburg 

TELEVISION & ELEC- 
TRONIC SERVICE 
ASSOCIATION OF ST. 
LUCIE COUNTY 
(TESA -St. Lucie 
County) 

Leonard Appel, secretary 
130 So. 4 St. 
Fort Pierce 

ELECTRONIC SERVICE 
ASSOCIATION OF 
BROWARD COUNTY 
(ESA Broward County) 

Hamilton Boyd, secretary 
901 N.W. 4 Ave. 
Fort Lauderdale 

JACKSONVILLE 
ELECTRON ICS 
TECHNICIAN 
SOCIETY (JETS) 

Dale Andrews, president 
906 San Marco Blvd. 
Jacksonville 

TALLAHASSEE 
TELEVISION & 
ELECTRONICS 
ASSOCIATION 

Don Birch, secretary 
213 College Ave. 
(Ramm's TV Service) 
Tallahassee 

MONTANA 
ELECTRONIC SERVICE ASSOCIATION OF 

BUTTE MONTANA (ESA) 
Raymond G. Tuszynski, 

president 
James Glase, corres. 

sec'y 
Templars Hall 
215 No. Main St. 
Butte 
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RETAILERS' TAX 
All "offerers of service" are required 

by law to register with the Illinois De- 
partment of Revenue as do retailers, 
according to NATESA Scope. They go 
on to say that the names of all known 
service offerers in the state have been 
turned over to the department for cross 
checking to see if they are registered. 
Anyone not found on the list will be 
advised to cease operations or register. 
After this, arbitrary bills for back 
taxes will be issued, followed by court 
judgments and levies. Serious offenders 
are being processed for criminal- viola- 
tion prosecution. END 
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PATENTS 

MAGNETIC AMPLIFIER 
Patent No. 2,907.947 

Stephan Stein its, .St. Louis, Mo. (- lssi_n.d to Vick- 
ers, Inc., Detroit, Mich.) 

This amplifier's power windin s serve for con- 
trol as well. Power from the line flows for one 
half -cycle through Dl and LI. During the other 
half. D2 conducts flow through 1,2. The power is 
limited by the reactors. 

Shunt circuit R1, R2 -a acts to increase the 
power. This is accomplished by partly or fully 

RI 10K/2W 

saturating the core of L1. To show this, assume 
that A goes positive. Current through the shunt 
circuit flows into both reactors in the saturating 
direction. Reducing R2 -a permits greater current 
and therefore more power in the load. At the 
same time, R2 -b must increase. Note that this 
resistor shunts both diodes, so permits current in 
the desaturatinq direction through the reactors. 

The inventor notes that a 2110 -watt lamp can 
be dimmed with a 3 0110 -ohm 10-watt resistor for 
RI and a 10,000-ohm 2 -watt potentiometer R2. 
Power is seduced by adjusting the potentiometer 
arm to the right. This increases R2 -a, which re- 
duces saturation. It also decreases R2 -b, which 
permits greater desaturation. 

ELECTRONIC FLASHER 
Patent No. 2.916,670 

Helmer T. Pederson, Solaro Brach, Calif. ( sslgned 
to Bill Jock Scientific Instrument Co., Solana 

Beach, Calif.) 
This flasher is controlled by a multivibrator. 

As alternate transistors conduct, the correspond- 

ing lights go on. For example, V1 corresponds 
to lamp 1, etc. The flasher earl also operate with 
a single lamp, a resistor substituting for the 
other lamp. 

DIODE COMPARATOR 
Patent No. 2,912,582 

Janes B. Darn-, Franklin Township. N. J. 
(Assigned to Bell Telephone Labs, Inc.) 

This circuit indicates when one signal (at AI 
matches another (at 13). The gate is symmetrical 
so A and B may be interchanged. The signal may 
be either -1.5 or -13 volts. 

When signals at A and B are equal, both diodes 
block and permit pulses to pass from input to 
output. When they are unequal, one diode con- 
ducts to short out the input. The following chart 
illustrates this point: 

A 13 1' output -1.5 -13 -13 no -1.5 -1.5 -f,..5 yes -13 -13 -1S yes 
When the bias at P is more negative than A or 
B, both diodes block and the input is transmitted. 

JULY, 1960 

IN OUT 

Otherwise (see first case in previous chart) the 
pulse is shorted out through a diode. 

An unknown quantity may be measured as 
follows. Using binary notation, a "zero" may 
correspond to -13 volts and a "one" to -1.5 
volts, and we need as many gates I see diagram 
as we have digits in the unknown number. The 
known number is applied at B (of each gate). 
To make the measurement automatic, the known 
is varied rapidly through all possible combina- 
tions. When it is equal to the tink mule n number 
(which remains constant I, a light can flash on or 
a relay can be energized to indicate that fact. 

HIDDEN MICROPHONE 
Patent No. 2,901,552 

Gioranni celoso, hilan, Italy 
Here is a novel way to camouflage a micro- 

phone: hide it in a pen holder. A real pen is 

MIKE 

ORT 

j DESK 

,rr, 
NUT 

SOUND APERTURES 

inserted into the holder to make it look real. The 
holder is tied down on a desk as illustrated. The 
cable for the mike may be passed through a hole 
in the desk. - ENO 

"Ours is broken." 

RELIABLE 

TWIST -PRO 

ELECTROLYT 
A satisfactory repair job m 
satisfied customer. To keg 
customer happy and to p 
costly call -backs you mL 
pend on a reliable repkac 
Aerovox AFH Twist -Prod 
trolytics can always be de 
on to give long -life and ext 
service because they're 
better ... high - purity alu 
foil construction throu 
85 °C operation, improv 
metic sealing and rugged 
and mounting terminals. 
Available in the widest sel 
of exact -duplicate replace 
including printed -wirin 
selenium rectifier types. 
local Aerovox Distributor 
the replacement you need 
you need it. Call on him to 
all your capacitor requ re 

BUY THEM BY THE K 
Your Aerovox Distributor offers 
cial "Stack -A- Lytic" kits (AK -4 
AK -401) with a selection of 8 or i 
lar TV replace- 
ments with a 

FREE handy metal 
storage rack with f "" stacking '® features., 

AEROVOX CORPORA 
DISTRIIBUTOR DIVISI 

NEW BEDFORD, M. 

G 

Cs 
ans a 

I your 
-vent 
t de- 
ment. 
Elec- 

-nded 
tillent 
made 
;inum 
lout, 

her - 
rongs 

ction 
ents 
and 

Your 
- ocks 
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ay for 
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popu- 

ION 

SS. 

1 C9 

www.americanradiohistory.com

www.americanradiohistory.com


Ask By Name For 

your assurance 
of brand name 

qualify 

11111111110 

NO -NOISE 
VOLUME CONTROL 

and CONTACT 
RESTORER 

Cleans ricates 
Protects 

Not e Carbon Tet 
Solution 

2 oz. 6 oz. 
Bottle Spray Can 

$1 U $225 
Nt to Net 

tern en Servicemen 

NO -NOISE 

TUNER -TONIC 
with PERMA -FILM 

Cleans, lubricates, 
restores all tuners, 
including wafer type. 
Non -toxic, nonin- 
flammable. 
For TV, radio and 
FM 
Eco 
nomical -a lit- 
tle does I 
a lot. 

6 oz 
Aerosol 

Can 

$325 
Net to 

Servicemen 

FREE At your 
Jobbers 

5" PLASTIC 
EXTENDER 

Push Button Assembly 
For Pin -Point Applications 
Does Not Cause Shorts 

P.S. Be Sure To Ask For 
NO -NOISE 

L. RUBBER COAT 
6 

Spray 
0 

Can 

J 
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ONE CENT SALE= 
BUY ONE AT OUR REGULAR LOW PRICE 
and GET the SECOND for ONLY le MORE 

CITIZENS BAND TRANSMITTER (27 MC) 
all clia,ssi., Complete with crystal. $14.49 each; 

tao l'or $170m. 

CITIZENS BAND RECEIVER chassis tunable 
through all 22 channels. Complete with audio 
amplifier. $9.011 rash. two for $111.110. 

AMATEUR BAND TRANSCEIVER (144 -148 'Ale) 
chassis with dual VI11, triodes for wallsie- talkie 
radiophone. $0.0:1 each, two for $10.011. 

TRANSCEIVER TRANSFORMER: Mike to grid 
input and plate to lote impedance headphone ottt- 
po +. Onu l for telephone handset,. 51.99 pair, two 
for 52.1111. 

SIGNAL BOOSTER chassis tor 27 MC. Iligh gain 
1211/)111 double tuned ]IF' pentode 1 ntplilior. Im- 
prote, perf,n manie of any Citizen Band receiver. 
Cnuipleli truth tube 511.99 each -2 for 512.00. 

COILED CORD 4 conductor 11" telephone cord. 
Extends Io nier 4 ft. .9:1 each, two for $1.00. 

KIT OF PARTS far AVI -FM VIII, radio receiver. 
'linable trout 511 -2110 ale. which includes I ".H. 
.satellite frequencies. $0.99 each, two fur $7,00. 

TRANSISTOR AUDIO AMPLIFIER give. :"01X- 
voltage gain ou Inw ]eve] signala Operates 
Cults. $:L99 each, two for $4.00. 

CONVERTER )crystal controlled) for 27 MC Citi- 
zens Baud. _Adapts any standard hroadcaa ladin 
Io 27 VII' band. Tunes all 22 channels. Complete 
with tubes :tint crystal. $14.:10 each. 2 for $15.110. 

ALL MERCHANDISE GUARANTEED 

LIMITED QUANTITY - 
NO LITERATURE OR CATALOG 

Remit in full. Include sufficient postage. 

No C.O.D.'s. 

VANGUARD ELECTRONIC LABS 
Factory & Mail Order, 190 -48 99th Ave., 

Retail Store; 196-23 Jamaica Ave. 
Dept. RE -7 Hollis 23, N.Y. 

-I 111111111111111111111111111 I I I 11+11111 1111) 111111111111111111 I I I 1111 1 11111' 
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rCIIICHIIS L-w 
BATTERY -OPERATED STROBOSCOPE 

The diagram shows the circuit of a transistor transformer (T) and a 
simple stroboscope operated from a voltage -doubler circuit made up of two 
6 -volt battery. Since no power -line silicon diodes (Dl and D2, Motorola 
connections are needed, this instrument 1N1566), three electrolytic capacitors 
will be useful in field applications for (C2, C3 and C4) and a filter resistor 
speed and rate measurements and for (R3). When the instrument is in opera- 

82 

t1.5Á SpQ 

+,6V 
BAI 

I 

T 

RI -500 ohms, 10 watts 
R2 -50 ohms, 10 watts 
R3 -3,500 ohms, 10 watts 
R4-47,000 ohms, 2 watts 
R5 -pot, I megohm 
R6-2.2 megohms, I watt 
CI -50 µf 500 volts, electrolytic 
C2, 3 -20 tif, 450 volts, electrolytic 
C4-10 tif, 600 volts, electrolytic 
C5 -.01 µf, 600 volts, paper 

freezing machinery in motion. The 
strobe's flashing rate is continuously 
variable between 10 per second (600 per 
minute) and 112 (6,720 per minute). 

The power supply consists of a tran- 
sistor chopper with two inexpensive 
power transistors (Motorola 2N554), a 

T (TRIAD TY68S) 

IN1566(2) 

C2 

ON-OFF 

!DI 

'1' D2 

R3 

3.5 
IOW 

+_ 20 
C2 ^45OV 

+,-10 
C4 ̂ 600V 

R4 

47K/2W 

1021 
STROBOTRON 
FLASHTUBE 

2 

FREQUENCY 

TOP -HAT 
NEW SILICON RECT. 

PIV RMS 
50/35 
.20 ea. 

10 for 1.90 
PIV RMS 
100/70 
.30 ea. 

10 for 2.90 
PIV RMS 
200/140 
.35 ea. 

10 for 3.40 

FACTORY DIRECT. Ex- 
clusive Distributors for 
Name Brand. Immediate 
Delivery on All Types 

PIV RMS 
600 420 
.85 

10 for 8.00 
PIV RMS 
900/630 
1.30 ea. 

10 for 12.50 

PIV RMS 
300 /210 
.45 ea. 

10 for 45 
PIV RMS 
400/280 
.55 

10 for 5.25 
PIV RMS 
500 350 
.65 

10 for 6.25 
PIV RMS PIV RMS 
700 490 800/560 
1.00 ea. 1.10 ea. 

10 for 9.50 10 for 10.50 
Ply - RMS PIV RMS 
1000:700 1100'770 
1.75 ea. 2.10 ca. 

10 for 17.00 10 for 20.00 
500 MA RECTIFIERS GUARANTEED 

Input Working Range RMS, ACV Res or Cap. 
Designed for Bridge or C.T. up to 750ma D.C. 

SPECIAL!!! All Purpose Rectifier 400 piv t_J 250ma 
.40 ea. 25 for 9.00 

ELECTRONIC SPECIALS: 100 Different Pre. Res. 
Mepco, Shallcron, etc. 1/21N, 1W -2W, '/a%, 1ó,a Tol. 
Only 51.90/c; JAN SWITCH, NEW ST42D S.P.D.T. 
A H -H C -H Bat Handle .25 ea. 10 for $2.40 w /hdw; 
100 Asst. RADIO S. TV KNOBS Pushons 51.90 -all new 
Distributors O.E.M. Exporters, Write Quantity Prices 
All Material Guaranteed. 52.00 min. order. Orders 
F.O.B. NYC. Include check or ney order. Shpg. 
charges plus. C.O.D. orders 25% down. 

WARREN DIST. CO. 
NYC 7, NY 87 -89 Chamber St. WO 2 -5729 

C6 .01 
x41 

C5_ MICA 

.01T600V 

4 

R6 
2.2 MEG 
IW 

C6 -.01 tif, 600 volts, mica 
BATT -6 volts 
DI, 2- IN1566 
S -spst toggle 
T -power transformer, toroidal: primary, 12 volts; 

secondary, 250 volts, 65 ma (Triad TY68S) 
VI, 2 -2N554 
V3 -I D21 
Chassis and case to suit 
Miscellaneous hardware 

tion, 1.5 amperes are drawn from the 
6 -volt battery. For short -term opera- 
tion, a hot -shot battery (or some smaller 
type) may be enclosed in the strobo- 
scope case. 

Bright orange -red flashes are ob- 
tained from the strobotron tube (Syl- 

OIJTD _F SPACE P 
You bet we'd be.... if we were 
to tell you all about AUDION's 
Out of this World Hi Fi Values. 

Write for 

free 

Catalog 

antun 
25-E Oxford Road 

Massapequa,New York 

PACKAGE HI FI 
or SINGLE COMPONENTS 

You'll find our prices low 
and service fast. 

Write for our quotation 
CENTER ELECTRONICS Co., Inc. 
74 -R Cortland+ Street, New York 7, N.Y. 

LOOK 
no further . if you're 
searching for hi -fi sav- 
ings. Write us your re- 
quirements now. 

Key Electronics Company 
120 -A Liberty St. N.Y. 6, N.Y. 

Cloverdale 8 -4288 
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NOTEWORTHY CIRCUITS (Continued) 

vania 1D21). This tube takes a four -pin 
socket and may be mounted in a flash- 
gun type reflector to intensify the 

flashes. Potentiometer R5 is the fre- 
quency control. It regulates the flash 
rate of the stroboscope. -Ru f us P. 
Turner 

CATHODE -FOLLOWER AMPLIFIER 
This cathode -follower amplifier is 

comparatively simple and inexpensive. 
Except for the oil -filled capacitors, 

6AU6 
AF AMPL 

if you use electrolytic capacitors in 
place of the specified oil -filled units, in- 
crease the capacitance somewhat. The 

6AQ5(2) 
OUTPUT 

PWR 
TRANS 

I00K 

270K 

-.I 

4700 

8/500V 

470K 

OUTPUT 
TRANS 

Z6K 
CT 

- 

OF 22K 

6.3V 130V 4/50V -0F 
FIL 75MA -- -)I- -- 
TRANS 

1r o+ © IOK 

2117 V PR 

6700V CT 
-4770 MA 

6.3 V TO HTRS 

6 

OF. 
OIL FILLED 

FEEDBACK 
SEE TEXT 

I( 8/500V-OF 

6X4 

II5H 
50MA CH 0 

standard components are used through- 
out. The power supply may look a little 
unusual, but it insures safe operation 
by isolating the ac line from the bias 
supply. No hot chassis with this ar- 
rangement. Values are not critical, but 

FEEDBACK TO 
A clever tone control is used on some 

Radialva TV receivers. The diagram 

CI) 
YI t- 

C 3 `500µµf 

EL84 
6BQ5 

AF OUTPUT 

02 1.5 

--) 
IN 

470 K 

47 K 

C2 

22 'NJ 

2.2 MEG 

R 

500K 

TONE 

OUTPUT 
TRANS 

II 

2200 8+ 270V 
TO OTHER 
CKTS 

shows the feedback network between 

010K OR ADJ 
FOR 50 MA 
CATHODE 
CURRENT 

primary impedance of the output trans- 
former is about half that used in a con- 
ventional triode output stage. If desired, 
feedback can be added. A little experi- 
menting will show how much. -Richard 
Youse 

NE CONTROL 
the plate and grid of the audio output 
tube. 

Tone is controlled by potentiometer 
R. When its arm is turned fully coun- 
terclockwise, capacitor Cl is connected 
between grid and ground produces 
treble cut. C2 is ineffective because of 
the pot's high resistance. 

When R is turned fully clockwise, 
capacitor C2 is connected between feed- 
back and ground, thus reducing feed- 
back at high frequencies and produc- 
ing treble boost. This time Cl has no 
effect because of the pot's high resist- 
ance. The exact operation of the circuit 
is somewhat complicated since the feed- 
back network is frequency- sensitive be- 
cause of C3. This capacitor produces 
some medium cut. -Martin (le France 

END 

lll-FI . STEREO 
COMPONENTS 
Send us your list ter a 

SPECIAL, PACKAGE OEM, QUOTE 
Nr. s;111. tiro .b s, II. Tralleins ;r ccepted. BONAPli)E of- Ir,. lisa,sI discounts on all standard brands. Expert 
ainive and lull guarantee are assured at 

BONAFIDE ELECTRONICS 
Dept. RE7, 891/4 Cortland St.. N.Y. 7, N.Y. 

W E WILL NOT RE UNDERSOLD 

JULY, 1960 

A NOTE TO THE HI -FI BUYER 
AIR MAIL us your requirements for 

an IMMEDIATE LOWEST PRICE QUOTATION 
Components, Tapes and Recorders 

SHIPPED PROMPTLY AT LOWEST PRICES 

WRITE TODAY FOR FREE CATALOG 
AUDIO 714-R Lexington Ave. 
UNLIMITED New York 22, N. Y. 

OPPORTUNITY ADLE'rS 
Rates -50c per word (including name. address and 
initials). Minimum ad IO words. Cash milt accom- 
pany all ads except those placed by accredited agen- 
cies. Discount, 10^ /o for 12 consecutive Wales. Mis 
leading or objectionable ads not accepted. Copy for 
September issue must reach us before July I I, 1960. 

RADIO -ELECTRONICS, 
154 West 14 St., New York 11. N. Y. 

ANNOYED BY EXPENSIVE REPLACEMENT COSTS 
OF IV TRANSISTOIL RADIO BATTERIES ? -ate stoney 
with new rechargeable battery and charger .. recharges 
up to 100 times by inserting into household ulet. Only 
$4.93 postpaid. Guaranteed. LITTLE FALI. IMP'OIRT 
CO., Little Falls. N. J. 

RADIO & TV TUBES at Manufacturers' Pticesl 100% 
Guaranteed! Brand New No re- brands or pull UNITED 
RADIO, Box 1000 -11, Newark, N.J. 

LEARN WHILE ASLEEP, Hypnotize with yo it recorder, 
phonograph or amazing new Electronic Educe or endless 
tape recorder. Catalog, details tree. SLEEP-LEARNING 
ASSOCIATION, Box 24 -RD. Olympia, Wash 

SONGI'OEMS and LYRICS WANTED! Ma 1 to: TIN 
PAN ALLEY INC. 1650 Broadway, New Yori: 19. N. Y. 

PROFESSIONAL ELECTRONIC PROJECTS - Organs. 
Tintera, Computers, etc. -$1 each. List Free. P.iRKS, Box 
1665, Seattle 55, Wash. 

RADIO C TELEVISION RECEIVING Till ES, brand 
nett, 'first litte name brands only. No reit . -1- no pulls. 
Discoass tip to lil,jy',, oll list. I':IDISON '1'1.l:ä CO., 335 
Main SL, Metuchen, N.J. 

LEARN CIVIL and criminal investigation at hone. 
Earn steady. good pay. INSTITUTE APPLIED SCI- 
ENCE, 1921 Sunnyside, Dept. 2011, Chicago 4 111. 

COMEDY PARTY RECORDS. 45 RPM. $1 ea or 6 for 
$4.93. HOLLYWOOD JOKERS Dept. B, P.O. Box 1916, 
Hollywood 21, Calif. 

ALL MAKES OF ELECTRICAL INSTRUMENTS ANI) 
TESTING equipment repaired. ILAZELTON INSTRU- 
MENT CO., 128 Liberty Street, New Yods, N. I. 

SEND DIME for surplus eatalugne and FREE GIFT. 
Silos., 1212 E. l +ltlh St., Charlotte 4. N. C. 

DISCOUNTS UI' TO 50% on Ili -Fi amplifie-3, tuners. 
speakers, tape recorders. individual quotation only, no 
catalogs. CLASSIFIED Hl -F1 EXCHANGE, 2375 East 
65tH Street, Brooklyn 34, N.Y. 

COMPONENTS, Recorders, Tapes. FREE Whol, ale Cata- 
logue. (IARSTON, 215 -T East 88th St., Nev: loll 28, N.Y, 

CASII PAID! Sell your surplus electronic tunes. want 
unused. clean radio and TV receiving, transmi :ing, spe- 
cial- purpose, Magnetrons, Klystrons. broadcast types, etc. 
Want military C commercial lab /test and c,, uutnica- 
lions equipment such s G.IL, 11.P., AN /UI'II prefix. 
Also haut commercial recciters and transmit. -s. For a 
fair deal irrite BARRY, 312 Broadway, New York 12. 
N. Y. WAlker 5 -1000. 

ANIPEX. Concettose, Crow n, 111agnecord, l'rest, Nnrclro, 
Rogen, 'l'mtdberg, Sherwood, ltek- O -Kut, Soo::, Shure. 
Dyne kit. others.. , Trades. IBOYNTON 9TÚ1 ' IO, Dept. 
IRE, 10 Pesu:yltauia Ate., Tucltahue, N.Y. 

RADIO C Ti 1.1 ;vISION TUBES' - errand usi - 1st 
qualit, nu reject., top name brands in ori.- roe hoses, 
6115: oft list, FREE BONUS with orders. Per r in deliv- 
eries. U T C, Box 900, Syosset, New Yorlt, 

l'RINTlD l'lltl'l'IT LAY OUT K1 -rs. l'om pL -- oo trriaL 
and instructions tu make ihrer Printed wi.1 1:0:11iI- 
$3.9:1. State choice - Trousisto ht ii inr.s, -;uplilira., 
l'awcr Supplies. :ADVANC'E DESIIINS INC.. - Lullaby 
Laues, Vienna, Va. 

luau BUSINESS t'AitOS, liaised Letters $i.9' ustpaid. 
FREI: 0.19II'L}:0. JOHN II. TAYLOR, Dept. ' R.D. 2, 
Box 215, west iliddlesex, l'a, 

Ttthr. -TV and Radio tubes -Guaranteed. Si t e up to 
80%. Brand new, no pullouts, some factory sestn is. write: 
}:MK:AY ELEI'TRONICS, P.O. Box 142, Blytbesbottrue 
Station, Brooklyn 19, N. Y. 

TV PICTURE TUBES 
At Lowest Prices 

I 
I 

I 
OBP4.... S 7.95 17BP4 ....5 9.95 2IAMP4.S 5.75 
2LP4 8.50 17CP4 .... 17.00 21 AT P4. 5.75 
4B /CP4 9.95 17G P4 .... 17.60 2IAUP4... 5.75 
6DP4 12.00 17H P4 .... 12.50 21 EP4 .. 3.50 
6EP4 - 12.75 17LP4 .... 11.50 21 FP4 4.50 I 
6GP4 14.50 17QP4 .... 9.95 21 W P4 4.00 
61(P4 9.95 17T P4 .... 17.00 21 Y P4 .. 4.50 
6LP4 10.95 19AP4 .... 16.00 212P4 . 3.50 
6RP4 9.95 20CP4 .... 13.50 24CP4 .. 23.50 
6W P4 12.00 20H P4 .... 14.50 24DP4 ... 24.50 
6PT4 9.95 21AP4 .... 22.10 27EP4 ... 39.951 
7AVP4 12.50 2IALP4.... 15.75 27RP4..... 39.951 

1 year warranty 
Aluminized tubes $3.00 for 21 "; $5.00 for =s" and I 
able 

additional. 
imilar 

ubelc 
under 

lude 
vacuum. These tut 

i-sc, accept- 
able 

from reprocessed used glass but et. All 
parts and materials including the electron gan are I 
brand new. 

PRICES FOB CHICAGO, ILLINOIS. De 
is not m posit 

turned1 
required. 

refundable dableh at time ofbreturn. 25,o 
deposit required on COD shipments. O d 
tubes must be returned prepaid. Tubs 
shipped Rail Express. Shipped only to Coml. 
tt ental U.S. and Canada. 

WRITE FOR COMPLETE LIST. 
1 

-PICTURE TUBE OUTLET -I 
2922 North Milwaukee Ave. I 

Chicago 18, III. Dickens 2 -20481 
_I r 
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If you are a career -minded 

engineer or technician . . 

RE- DIRECT your 
future aims to 
high standing 
in NUCLEAR 
ENGINEERING 
technology 

Learn Nuclear Engineering Tech- 
nology through an advanced 
home study program offered by 
CREI Atomics. Enrollment is 
limited. 

r 

L 

ONLY A LIMITED NUMBER OF MEN 
will be accepted at this time for this 
program of home study offered by 
CREI ATOMICS, an expertly -staffed 
extension division of The Capitol 
Radio Engineering Institute. 

U.S. Atomic Energy Commission 
states about the severe shortage of 
trained people in nuclear technology: 

.. the immediate goal is to retrain, 
through short courses ... those al- 
ready grounded in traditional disci- 
plines." Through CREI Atomics you 
can now combine your present tech- 
nical education and engineering ex- 
perience with knowledge in nuclear 
engineering and technology. The re- 
sult: increased career opportunities 
and corresponding income advantages 
as the nuclear field develops. 
Program of study includes - 
Nuclear Physics, Reactor Physics, Thermodynamics, 
Reactor Technology, Reactor Controls, Instrumentation 
for Reactor Control, Isotopes, Health Physics -many 
other subjects 

USE THIS COUPON TO REQUEST DETAILED CATALOG 

CREI Atomics 
3224 16th Street, N.W. 
Washington 10, D.C. 

Please send me complete information 
about CREI ATOMICS. 

name 

street 

city state 

job title 
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PH1LCO 9H25U 
The set came in with very critical 

horizontal hold. At times the picture 
would float (showing the horizontal 
blanking bar) and the horizontal sync 
would lock in, it was very jittery. Re- 

FROM 
SYNC 
SEP 

r 

FROM PHASE COMP 

82µµf 

2 5 

1-- 
200µµf .001 

80K 1.2 MEG 

FROM HORIZ OSC OUTPUT 

7 1/2 9AU7 
HORIZ OSC 

2 

150 K .0039 

N2P PHASE COMP NETWORK 
(PART N30-6035-1) 

68 K 

.047 

-J 

sistance measurements showed more 
than 2 megohms between the chassis 
and pin 2 of the 9AU7 -an abnormally 
large reading. Circuit checks revealed 
the cause, the 680,000 -ohm resistor be- 
tween points 2 and 5 of the N2P phase- 

comparator network was open. -TV. G. 
Eslick 

BENDIX T20 CHASSIS 
If you work on the tuner in these 

sets and when you are finished find 
that the set isn't working, check the 
two rear mounting screws on the tuner. 
Be sure that each one has a cup washer 
on it. If not, the mounting screws pro- 
ject too far into the tuner and some- 
times short out a lead. -Ray Baum 

MAGNAVOX CT257 
Horizontal and vertical sync were 

both unstable. On some channels the 
picture would jitter horizontally and 
roll intermittently but for the most 
part the hold was almost uncontrollable. 

The customer advised me that another 
technician replaced the picture tube re- 
cently and it was only since then that 
the set was behaving this way. I lis- 
tened politely but quickly dismissed this 
explanation as another dissatisfied cus- 
tomer complaint. 

When all else failed, the set was 
taken to the shop. The first point I 
tried to establish was whether the trou- 
ble lay in the sync circuits or the age 
circuit so I hooked up an external age 
bias supply. There was a slight im- 
provement in sync stability but not 
enough to warrant further examination 
of the agc system. 

Therefore,I concentrated on the sync 
circuits. Every capacitor was checked 
by direct substitution and every resis- 

. ti 

IPERTEC1v 

OGETHER 
Matched perfection of movement; 
the two shoes at dance time, and 
the ESL MICRO /FLEX cartridge* 
in the ESL GYRO /BALANCE arm.t 
Such matchless stereo 
perfection can be yours! 

only $49.50 tonly $34.95 

0 FOR LISTENING AT ITS BEST 

Electro -Sonic 
Laborstories, Inc. 

Dept E 35 -54 38th St Long Island City 6, NY 

'OW 

Also available 
in 

t, nit 1 oz. 

lotlles with Moppet 

Either way, make 
sure it's QUIETROLF 

QUIETROLE 
Company 

In Canada Spartanburg 
CROSS CANADA ELECTRONICS 
fil Ontano St . S.. Kitchener. Onl. South Carolina 

RADIO -ELECTRONICS 
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TECHNOTES (Continued) 

for was okayed. The waveform at the 
output sync stage was obviously dis- 
torted but I could find no apparent 
cause for it. The previous agc test 
eliminated that part of the receiver as 
the source of trouble so I was in a 
quandary. 

I stopped for a moment to reconsider 
what the customer had told me and 
wondered if she possibly could have 
been on the right track. Two points 
were noted: the picture tube had no 
Aquadag coating and the tuner shield 
was missing. Was it possible, I won- 
dered, that the picture tube was radiat- 
ing into the tuner and distorting the 
sync pulses without noticeably affecting 
the video quality. An old tuner shield 
immediately answered that one for nie 
-as soon as it was clipped into place 
the sync pattern cleared up and the 
picture took hold. F'roo/ A. Sulc>r(o 

LOOPSTICK TRACKING 
Ferrite -core antennas are used almost 

exclusively in transistor radios. If one 
is replaced, it may need adjusting for 
satisfactory tracking. 

The sketch shows the usual circuit 
and the physical connections to the 
antenna. Tracking is adjusted by re- 
moving turns from the long coil (Ll) 
at the end away from the secondary coil 
(L2). Turns should not be removed 

2 4 3 

mpiiIIIIIIIqUN IINIIIIIINININEMNMININNNNINNN 

LI L2 
FERRITE CORE 

LI 
FERRITE CORE 

from terminal 2, since mutual coupling 
to the low-impedance transistor coup- 
hug coil (L2) may be upset. Take off 
turns at lead 1 a couple at a tinie.- 
L((fr)citc.' Show END 

50 pearl to 
In Gernsback Publications 

HUGO GERNSBACK, Founder 
Modern Electrics 1908 
Wirele : -s Association of 1908 
Electrical Experimenter 1913 
Radio News 1919 
Science & Invention 1920 
Television 1927 
Radio -Craft 1929 
Short -Wave Craft 1930 
Television News 1931 

Some larger libraries still have copies of Modern Electrics 
on flic for irterested readers. 

In July, 1910, Modern Electrics 
A New Era inch Telephote (Television] Apparatus, 

by Frank. C. Perkins, 
The Gernsbaek Detectoriu n4, by A. C. Austin. 

.I r. 
Tubular Variable Condenser, by H. Linde. 
'Che Poulsea System of Wireless Telephony and 

Telegraphy, by C. F. Elwell. 
High Frequency Oscillations, by Moore Stuart. 
An Ingenious Wireless Transmitter. 
Image Transmitting Devices, by A. C. Marlowe. 
Simple Detector, by I. L. Riley. 
Cleat Insulators, by Eugene Wulff. 
Automatic Break Switch, by Harold Peterson. 

JULY, 1960 

L "Many values a DOLLAR for a DIME" ... ALL BR1.ND NEW 
MONEY BACK GUARANTEE 

Some ITEMS in THOUSANDS, others in limited quantities 

PRICED FOR A SELL -OUT! 
SENSATIONAL PRICE SLASHING 

Rush your order for desired quantities 
15000 - SELENIUM RECTIFIERS -,.-, In,....ea. 16c 
SMALL HANDY SCREWDRIVER teem :Ir price I ic 20 
SPLINE WRENCH TOOL 1" ho,,te , 5c 
FUSE =a.AG -I :uOp're s t, ,, , .. 10 
LOCTAL SOCKET ...tin,- (-ewer. I ' 10 
WHITE TUBE CARTONS .st'. r.r. UT. small o..ea. 10 
CONDENSERS .s o - ,, : :,,. .0s11s2 -9srnv ea. 1c 
CERAMICS I, 2, 5, I0, 25, 47,68,75. 1211, 150 mmf ea. 2c 
CERAM ICS 220, 250, 330.500, 560, 880, 820 I K mm ea. 2c 
MICAS 5, 25, 75, 100, 150, 250, 330. 470, IK, IOK mil ea. 2c 
DISCS 5,6.8, 10, 25, 50, 75, 100, 150, 220, 1K mmf ea. 3c 
TV PEAKING COILS 0000 e,, 120 uh, 2 -I5 e, ea. le 
TOP BRAND CONDENSER .ut.5om list 25e 20 
CONDENSERS . 047 -6065,.1- 6005,.25- 603v,.47 -4005, ea. 5e 
CONDENSERS .001- 10005,.0I- 10005,.039 -10005 ea. 5c 
C O N D' S .I- I000v,. 007- I600v,.03- 160Cv,.005- 50105 ea. 5c 
CONDENSERS I -50y, 1- Illy, 1- 150v,2 -4505, 4- 50v ea. 5c 
CONDENSER 100.25 ; 0 I''t Price $1.75 .10e 
CONDENSER rr nine 1u -151Iv list price >2.25 ....iOc 
CONDENSER 55 20 -170nc with nomwnc strap ,..25c 
WAFER SOCKETS standard octal, 7 pin, n i,je .ea. 3ç 
MOLDED SOCKETS st:n,annl oct :,I 7 pin, 9 pin ea, 60 
METAL TUBE SHIELDS miniature z.,", m:sal t ' ea. 30 
PILOT LIGHTS tot, hra't I -I. 46, 47, 'tt ea. 5c 
PILOT LIGHT SOCKET h :o n.,,. long toads 5c 
LINE CORD s .nm1de1e suits piste Sc 
LINE CORD 55su 6. complete with Pp,' 8c 
TV CHEATER CORD a- complete wit], both piucs, 14ç 
50' HOOK -UP WIRE re,l, svtttte. blue, black ea. roll 150 
RCA PHONO PLUG and JACK SET 100 
SPEAKER PLUG SET wired 10s: scads 100 
RESISTORS W -l0 %47,100, 150,270,330,470,5605t.ea 20 
RESISTORS W- 1096 820, 1K, 1800,2700,4700,6800t2.ea 2c 
RESISTORS '.W- 10% 8200,10K,22K,47K 100K,470Kt2ea 2c 
RESISTORS 10% 470- IW,1K- 1W,15K- 1W,180 -2W., ea 2c 
OVAL LOOP ANTENNA st:,n,wrd type and , ..e 100 
RADIO KNOB " :worn, 1r09,,1, push -on 20 
TUNING SHAFT BRACKET handy for many mountings 5c 
WIREW'ND RST'S -SW 230, 470, 650, 5K, IOK, 16Kt!ea. 8e 
WIREW'ND RST'S -IOW 20, 50, 100, 220, 280.5251.2 . ea. 8c 
WIREW'ND RST' S- 10W680,IK,1500,1K2500.31(f2.ea. 8e 
WIREW'ND RST'S -IOW 5K, 7K, 101(, 15K, 22.51i12 ea. 8ç 
CONTROL tu: with ssvurh t-_" ,hart above hushinelOC 
CONTROLS less/ sw50K ,!,meg. ;,meg,750K,1meg. ea. 100 
ION TRAPS .Ingle, dowse, new >tu tyre ...ea. 100 
PHONO MOTOR lits 78 rpm complete w /turntable ...SLOG 
PHONO ARM 78 rpm, complete with rrt ice .. 1.00 
PHONO ARM 4 -speed s, /aq,0ver e.0rtri0ice. 2.19 
RONETTE STEREO CARTRIDGE t_sPee,t 2.97 
SONOTONE CARTRIDGE un:,i s., i i i', _::r 2.97 
G.E. DIAMOND STEREO CARTRIDGE #GC7 9.46 
MONARCH STEREO CHANGER 4 -speed co,nprete .16.49 
VM STEREO CHANGER :.prc,i ,o0,plete 22.34 
GARRARD STEREO CHANGER # RC- 121 28.64 
AM RADIO TUNER com,cc,s 0000 Ph..., or ry 6.97 
$25 GUARDIAN eoonect' on itädi0 a. Intercom 4.50 
JEWEL RADIO A,'rue' cs,npiete with 4 tubes 8.99 
RADIO CHASSIS PAN 9 ;, "x5 "xlj, " incl. 5sockets .39 
RADIO CHASSIS PAN nn_, ^.4,_".,r .19 
RADIO CHASSIS PAN 91^s:t"s29 .19 
VARIABLE CONDENSER 2 -ese 120/ 00.2 n,rd .29 
RADIO LOOPSTICK ANTENNA icrrlte :,d.iost :01/ic .29 
TOGGLE SWITCHES user -t4c sttT -2.1e LPtT_.29 
I.F. COILS t".-,nc 0,u t.. rune 9.1009. ...ea. .14 
I.F. COIL p9,I, l :,r t i ttC' for most It:Cdto, .29 
I.F. COIL 211210e for Alto Radio. .29 
RAMBLER 2- TRANSISTOR RADIO loud Ski. compi. 7.99 
RADIO BATTERY i,V r:verealy 216 .. .29 
2- STATION INTERCOM ready to operate 15.97 
METAL SPEAKER GRILL 8 "x5'0 " for Radio, Phono,etc. .19 
PM SPEAKERS -.50, 1 "_.58 5 " -.910 o -_ 1.29 
PM SPEAKERS 4 "55 " -t.59 5 "x7 °_I.s6 a ^,a 1.98 
PM SPEAKER 8" will fi.8 oz. Alnico wag. & Iran -cone 3.86 
PM SPEAKER 12" with 6.8 oz. Alnico wag. & twin- cone 5.97 
12" UNIVERSAL HI -FI SPEAKER 2OW,50- 15000cps 9.97 
AUDIO OUTPUT TRANS.5,tL t -.2s 41K6-.20, Ev6-.38 
AUDIO OUTPUT TRANS. 3Q4 -.37; 6L6 -.48; 6V6pp .58 
31/2" TWEETER SPEAKER r,,, lit -ri list price $2.75.88 
SELENIUM RECTIFIERS 65ma -.16; 75ma -.22; 100 ma .28 
SELENIUM RECTIFIERS I5Oma -.32; 300ma -.39; 450 ma .59 
RCA SYNCHROGUIDE COIL 205R1 .69 
SOUND TAKE -OFF COIL for es T 0 t .49 
RATIO DETECTOR COIL 4 r01 .49 
RATIO DETECTOR COIL 10.7111C .49 
TV SOUND I.F. COIL -I. um,' .49 
TV SOUND TRAP COIL .49 
TV I.F. COIL ,or 2091, and & 00, video .49 
TV AGC COIL -tic -late standard for most TV's .49 
EM FOCUS COILS 2 247(2, 321t2 ea. .29 
EM FOCUS COILS 47000, 1000051, .'ouu, ea. .50 
FOCUS CONTROLS 41500(..2,20001:2,100Q2. ea. .79 
#630 CONTROL 10,1: -tmcc with s"aeb list $3.00 .99 
#630 CONTROL 5m<.trnce .48 
#630 ELECTROLYTIC CONDENSER 40/40/10 -4505 1.19 
#630 ELECTROLYTIC CONDENSER40, /10/80450v 1.24 
#630 POWER TRANSFORMER 201T6,IisI$35.00 i2.97 
TV PICTURE TUBE.1751(40 Top make, hramt 11e,s19.65 
TV PICTURE TUBE.21yrIA Top make, 1,0.:109I 0,.,,24.97 
TV PICTURE TUBE .2 rtml :t Top ,,nuke, brand ne 32.49 

of each -Send 200/5 deposit with order 
TOP BRAND 1U4 TUBE:a.o rerve, ..5 .07 
TUBES rra. 11.105, t 1 t. : :,. 01'1, 6,117, n:: .ea. .19 
TUBES stet, 6\1.5, GM's, 01v1, un 5, r, ...ea. .62 
TUBES 6s,`,7. rAr7. 60110', r.vx -t, 60.10, 5, .ea. .79 
TUBES 1211117. 12151'7. t11:1, 0X5. rocs, r.. " ,ea. .89 
DEFLECTION YOKE 6 119, :psi ,I:c .25 
DEFLECTION YOKE 70- Incl. 10st0'0, toy: 1.69 
DEFLECTION YOKE ou in, I. imttucti, 2.28 
DEFLECTION YOKE i In in,i. ,slur 3.97 
FLYBACK TRANSFORMER 701" Incl. rose- .son 1.49 
FLYBACK TRANSFORMER 

+ , tncl. 1. coon 1.97 
FLYBACK TRANSFORMER II, Incl. ncti,1.97 
TV 10KV CARTWHEEL CONDENSER. . .05 
TV 15KV CARTWHEEL CONDENSER .15 
TV 20KV CARTWHEEL CONDENSER .28 
TV 30KV CARTWHEEL CONDENSER .39 
TV CRT SOCKET i,i Is" 1.1191, .10 
TV ANODE LEAD with Iom ,c:,91 ami e.1 .18 
TV FILTER CHOKES 521 _,000, ea, .79 
DIODE CRYS. IN2l. I N23,!1 N34, 16160, l Nml. - -..1.19 ea. .19 
SILICON RECTIFIERS r'1-. .89 
$3 TV CRT BRIGHTENER r mi. I. ..:,,ii, .59 
58 TV INDOOR ANTENNA 2'0,0991090 h .79 
TV PM FOCALIZER :,ln, >,. for :my oho. .,. -, .84 
ELECTRONIC TESTER roe TF,C bass P:,9 1.99 
WIRE CUTTER & STRIPPER finest 111:,6, .65 
1 -LB. ROSIN CORE SOLDER uw;' .79 
$6 ELECTRIC SOLDERING GUN 1. we 3.98 
TV MASK C t tut I (Minimum Sold 20) .. . ea .39 
TV SAFETY GLASS 18 "x22' (minimum sold I )ea .96 
TV KEYED AGC KIT ,0,'s 0,s r, t i ,x nth: .,ton 2.68 
TV POWER TRANSFORMER 250ma with Inshedions 3.97 
STA'D NEUTRODE TUNER 21mc W /Instruct °ns 15.97 
70° TV CONVERSION KIT Complelew /lush .clions 9.97 
90° TV CONVERSION KIT complelew /Inslr.rlions.11.98 
110° TV CONVERSION KIT complete w,'Inshe:tiuns.12.62 
DX -16 SUPER DELUXE TV KITcnmp,ete s. 1I .79.95 
21" TV CABINET KIT ,n:d,0c, svah,m ,,r t ,mí 22.78 
24" TV FRONT PANEL ,: :hoc. walnut o on,t 19.98 
1000 - RUBBER GROMMETS s OD. s' '.° ID 2.00 
1000 - RADIO KNOB SET SCR. "long.: diam 2.00 
300 - RADIO KNOB SET SCREWS ¡ "tom ; "diam.1.00 
200 - PLATED SOLID WING NUTS = . 1.00 
600 - NUTS, SCREWS, WASHER, RIVETS, Efc.$1 
1000 - MICA CONDENSERS s2m.. iv 7.50 
1000 - MICA COND'ERS I0000mmf- 5(.0v to..'uand 16.00 
1000 - CERAMIC CONDENSERS tror 7.50 
1000 - CERAMIC CONDENSERS 2 7.50 
1000 - CERAMIC CONDENSERS sumn, , , 7.50 
1000 - CERAMIC CONDENSERS t 2,0 n 0000, 12.00 
1000 - DISC CERAMIC COND'ERS40)OOIIm 4- 307v15.00 
1000 - TOP BRAND TUB'LAR COND'S..1 ,'2 -2011v 7.50 
1000 -ASST. 1 /2W RESISTORS ehoit i.. 3.00 
300 - ASST. 1/2W RESISTORS 0,h t I.. 1.00 
$15 - "JACKPOT" TELEVISION PART! $1 
15 - ASST. ROTARY SWITCHES 15 th Si 
40 - ASST. PRECISION RESISTORS t -, lzes $1 
100 - ASST. '/2 WATT RESISTORS 
70 - ASSORTED 1 WATT RESISTORS,,,, 
35 - ASSORTED 2 WATT RESISTORS -.,: u .$1 
50 - ASST. TUBULAR CONDENSERS $1 
50 - STRIPS ASST. SPAGHETTI hest $1 
100' - TWIN LEAD -IN WIRE 30012 he: } Iuty $1 
50' -FLAT 4- CONDUCT. WIRE p 10,, , 51 
25'- INSULATED SHIELDED WIRE.... Si 
20 - ASST. TV KNOBS, ESCUTCHEONS, Etc $1 
100 - TV ESCUTCHEON RETAINING S'RINGS S1 
100' - FINEST NYLON DIAL CORD he, 17.0 $1 
200 - SELF TAPPING SCREWS -0,.t, . $1 
35 - ASST. RADIO KNOBS sce,c .,m, i ,-011 S1 
25 - ASSORTED CLOCK RADIO KNOBS $1 
50 - ASST. SOCKETS oct:a. tun: , mi :iture 51 
100 - ASST. MICA CONDENSERS s 01 $1 
100 - ASST. CERAMIC CONDENSERS $1 
10 - ASST. VOLUME CONTROLS i, s :,s, 51 
5 - ASST. VOLUME CONTROLS s, hh : _eh 51 
50 - ASST. TERMINAL STRIPS I. 2, ,.. big $1 
10 -ASST. RADIO ELECTRO. CONDEN 3ERS $1 
5 - ASST. TV ELECTROLYTIC CONDEN SERS 51 
25 - ASST. MICA TRIMMER CONDENSERS $1 
2 - ELECTROLYTIC COND. su;.tu_.;5s o Si 
3 - ELECTROLYTIC CONDENSERS ass -, buy S1 
35 - MICA COND. 20-100 mmf & 15 -270 mmf $1 
35 - MICA COND. 20 -470 and & I5-686 pal $1 
35 - MICA COND. 20 -820 mmf & 15 -IOte mm $1 
35 - CERAMIC COND. 20-5 mmf & 15-IO nun( $1 
35 - CERAMIC COND. 20-25 mmf & I5-4i mmf $1 
35 - CERAMIC COND. 20-56 mmf & 15-82 mmf $1 
35 - CERAMIC COND. 20 -100 mmf & 15-139 mmf 51 
35 - CERAMIC COND. 20-270 mmf & 15 -471 mmf. 
35 - CERAMIC COND. 20 -1000 mmf & IS -I),NI mmf. $1 
35 - CERAMIC COND. 20 -2000 mmf & li -SOH( mmf. 51 
12 - RADIO OSCILLATOR COILS lull , $1 
3 - 1/2 MEG VOLUME CONTROLS .viu, seltrh 51 
15 - ASST. TV COILS rytt,t. pea ;h,g, -,"i, etc... -$1 
3 - TV ALIGNMENT TOOLS :,.s0runen. - . 51 
3 - TV ALIGNMENT TOOLS CC ,'ä11u,: _ 51 
3 - TV ALIGNMENT TOOLS :,s,,,arne c 

t size 

51 
3 - TV ALIGNMENT TOOLS a.sorunenc _ $1 
3 - TV ALIGNMENT TOOLS atmen, _ $1 

BROOKS RADIO & TV CORP., 84 Vesey St., New York 7, N.Y. 
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more 
...so much more for everyone. .. for every 
application ... in the complete line of 
Stanton Stereo Fluxvalves *. 

Here is responsible performance... in four 
superb models... for all who can hear the 
difference. From a gentle pianissimo to a 
resounding crescendo -every movement 
of the stylus reflects a quality touch 
possessed only by the Stereo Fluxvalve. 

j STANTON 
Calibration 

Standard: Model 381 - 
An ultralinear professional pickup 
lar recording channel calibration, 
radio stations and record evaluation 
by engineers and critics...from 
$48.00 

Collectors Series: Model 380-A pre. 
cision 

p 
p for the discriminating 

record collector 529.85 

ProSlandard Series: MK Il -A pre. 
lessional pickup outstanding for 
quality control...from $24.00 

StereoPlayer 5enes: Stereo 90- 
A hoe Oty stereo magnetic 
UP for the dmpnile...518.95 

LISTEN !... and you will agree Pickering has more for the best of everything in record reproduction -mono or stereo. More Output - 
More Channel Separation -More in Response -More in Record Li e! 
In short ... more to enjoy... because, there's more quality for mo e listening pleasure. it U.S. Patent No. 2.917.590 

roanaost wow n v aa,r drtetact LISTEN! -Ask for a Stereo FLUXVALVE demonstration at your Hi -Fi Dealer 
today! 
Send for Pickering Tech -Specs -a handy guide for planning a stereo high 

ncaam05 co.. Inc.. PUINVIEW. pl. YORK fidelity system ... address Dept. 11 -7u 
PicNering 

TARZIAN OBers 48 -Hour, 
Direct Factory Service 

on Tuner Repairs 

That's right. Net, $8.50 per unit and $15 for 
UV combinations, including ALL replacement 
parts. 90 -day warranty against defective work- 
manship and parts failure. Tuners repaired on 
approved, open accounts. Replacements of- 
fered at these prices* on tuners not repairable: 

VHF 12 position tuner $22.00 
VHF 13 or 16 position 23.00 
VHF /UHF combination . . . 25.00 
UHF only 15.50 

*Subject to change 

Tarzian -made tuners are easily iden- 
tified by this stamping on the unit. 
When inquiring about service or re- 

placements for other than Tarzian -made 
tuners, always give tube complement ... shaft 
length ... filament voltage ... series or shunt 
heater ... IF frequency, chassis identification 
and allow a little more time for service. Use 
this address for fast, 48 -hour service: 

SARKES TARZIAN, Inc. 
Att.: Service Mgr., Tuner Division 

East Hillside Drive 
Bloomington, Indian 
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Full Year's Subscription to 

RADIO SHACK'S 
Sensational 

ELECTRONICS CATALOGS 

Send coupon today! See world's larg- 
est and best line of electronic equip- 
ment! Invaluable to pros, exciting for 
hobbyists. Over 100,000 items- stereo, 
hi -fi, ham radio, tapes - at money- 
saving prices. 15 -day home trial on 
any item. Satisfaction Guaranteed. 

TYPICAL RADIO SHACK VALUE! 
"Realistic" 7-speed 
Tape Recorder $49.95 

Radio Shack dual - 

track portable! Wt. 
only 17 lbs. Has sep- 
arate record, play- 
back, erase heads. 
Mike, 5" reel. 

MAIL COUPON NOW 
Radio Shack Corp., 730 Commonwealth Ave. 
Boston 17, Mass. Dept. 60G10 
Without further request, send latest cata- 
log plus every issue for year -all FREE. 

Name 
Address 
Post Office 

Lor City_ Zone State J 

I 
THIS 

ONF 

SOLDERING -TOOL 
MAINTENANCE 

In addition to keeping your soldering 
gun's tip tinned, check to see if the 
screws or nuts that hold the tip in place 
are tight. Loose screws or nuts mean a 
poor electrical contact and reduced tip 
temperature and soldering efficiency. If 
you work with an iron, do you ever take 
time out to unscrew the tip or loosen 
the setscrew (if yours has one) and re- 
move the tip? If this isn't done occa- 
sionally, the tip may become frozen in 
place and very difficult to remove. 
Should that happen, soak the tip in 
ammonia to loosen it.- Charles A. Cun- 
ningham 

BRIGHTEN METER SCALES 
Meter and instrument scales ulti- 

mately get dull and dirty -looking. 
Cleaning is difficult because of soft 
easily scratched surfaces, and the print- 
ing or lithographing. 

We have found only one satisfactory 
way of cleaning meter faces, but it 
really does a good job. 

Obtain some drawing cleaning pow- 

der from a stationery store or one that 
deals in engineering drawing supplies. 
Then sprinkle the meter face with the 
powder and rub with a rotary motion 
using a soft cloth or piece of paper 
toweling. A second application may be 
necessary. 

The result will be a beautifully and 
uniformly clean instrument dial -Ed- 
witt. Bohr 

DUAL CONTROL ASSEMBLY 
When replacing dual controls in a 

TV set with a unit assembled from a 
control kit, use a little lubricant be- 
tween extension shafts before fastening 
the sections together. Some controls 
have a tendency to be rough when first 
put together. The lubricant corrects the 
condition. 
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TRY THIS ONE (Continued) 

A moment's consideration before the 
control is assembled will prevent the 
time -consuming job of taking it apart 
again, or turning out a job with that 
scratchy feeling. -George D. Philpott 

PHONE -TIP ADAPTER 
In electronic servicing and experi- 

mental work, we sometimes want to 
plug phone tips into banana jacks. To 
do this quickly and easily, some sort of 
adapter is needed. A simple solution 

to the problem is to buy a couple of 
ICA solderless banana plugs and use 
them as adapters, as shown in the 
photo. You will find the openings on 
the hack ends of the solderless banana 
plugs just the right size for phone tips 
which are locked in place with the 
setscrews on the banana plugs. -Art 
T ran ffer 

STAY -PUT TROUBLE LIGHT 
If you use a trouble light like the 

one shown, you know just how difficult 
it is to make it stay put on a flat sur- 

face. Keep the light from rolling out 
of position by adding a couple legs. 
Drill two holes through the reflector 
and insert a 114 -inch long machine 
screw in each as shown. -John A. 
Comstock 

SOLDERING -IRON HOLDER 
When you need both hands free for 

a soldering job, this simple holder is 
good to have around. It consists of a 

JULY, 1960 

spring type broom clip fastened to a 
block of wood. A hole drilled in the 
base lets you hang the whole works on 
a nail driven into the shop wall, when 
the holder isn't in use. John C. Alex- 
ander 

TENT FOR LIGHTNING 
ARRESTER 

The moisture that collects on a TV's 
lightning arrester during wet weather 
tends to short out the TV signal and 
impair reception. When it is mounted 
on the outside of a window sill or any 
other place where it is exposed to the 
weather, it's a good idea to tack a trans- 
parent plastic tent over it. Cut the 
tent from an old plastic hag or some 
other plastic material. -Clyde A. Coulp- 
ton 

FUSE HOLDER FOR SPARES 
A snap -on fuse holder, the kind used 

when replacing a pigtail fuse with an 

ordinary tubular fuse, makes a good 
holder for a couple of spare fuses. 
Simply cement the holder to a vacant 
spot on the chassis and snap a couple 
of spares into it. -Alex Carlton 

SHOCK- ABSORBING RIDE 
When you have to deliver a TV to a 

customer over a rough country road, 
rest the set on a partly pumped -up in- 
ner tube placed on the floor in the back 
of your service truck. The inner tube 
will absorb all of those rough jolts that 
could otherwise ,jar something loose and 
cause trouble. Carry one of these TV 
cushions and you can be sure the set 
will still be in operating condition when 
you reach your destination. For con- 
sole radio TV record player combina- 
tions, use two inner tubes. -Charles 
Alirahrv)u. 

Answer to "Roundword Puzzle," 
page 31 

END 
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MODEL 221 VTVM 

wR rred $ 95 eady 
to Use 

KIT - S25.95 

Leatherette 
Carrying Case - 53.95 

PRECISION 

INSTRUMEt. S 

AND KITS 

MODEL 221 VTM .sr;e 4!í" meter 
with "can't- burn -eue" circuit. Zero 
center for TV FM di, :iminator 
alignment. AC DC Va ts: 0 -5, 10, 
100, 500, 1,000 (Utp tt 30,000 m. 

with HVP probe. us i 250 me with 
PRF probe, and peak - o -peak with 
PTP probe). OHMS: 0 7 ohm to 

1,000 megs. DB. -2C 11-55. Input R: 
25 megs. 1 °E precision multipliers. 
Double triode brie c 'coil. Three - 
color etched panel: se .el cose. 

RADIO CO. 
Stores Throughout the Entire Delaware Valley &ree 

913 ARCH ST., PHILADELPHIA, PA. 
ATLANTIC CITY 

4401 VENTNOR AVE. 

CAMDEN, N. J. 
1133 HADDON AVE. 

TRENTON, N. J. 
201 CALHOUN ST. 

VINELAND, N. J. 
219 LANDIS AVE. 

BfLR -4OLME 
5801 RiS'll.: SUN AVE. 

NORRIS )WN, PA. 
530 M.wR'.LEY ST. 

WILMLNG'ON, DEL. 
1122 FR :NCH ST. 

SALISBURY, MD. 
317 PARK HEIGHTS AVE. 

!I in coupon for a FREE One Ye:-- 
.,ription to OLSON RADIO'S Fantastñk ï. 
Packed Catalog - Unheard of LO \ \', 
WHOLESALE PRICES on Brand 
Speakers, Changers, Tubes, Tools, -- 
Stereo Amos, Tuners and thousands of 
Electronic Bargains. 

NAME 

ADDRESS 

CITY ZONE STATE_ 

If you have a friend interested in elf 
send his name and address for a FRL1 

ription also. 

LSON RAD 
CORPORATION 

709 S. Forge St., Akron 8, Ohio 
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-"TAB" Tubes Tested, Inspected, Boxed - 
Six Months Guarantee!! No Rejects! 

NEW & Used Gov't & Mfgrs. Surplus! 
Orders 310 or n 

I 

types e, Receiving only ppd, 48 doles 
0A2 8r),6BJ6 .69112AT6 .59 1851 1.00 
OB2 05 6BK7 .110 12AT7 .84 117Z6 1.10 
0C3 61 6BL7 1.25 12AU6 69 4.65A 16.00 
01)3 I.r 6B56 .911 12AÚ7 .60 2021 2/51 
0Z4 6606 1.19112AX7 .70 3023 3.85 
1A7 ' 6927 1.'27. 12BA6 .65 717A 5/$1 
1B3 :816C4 .1:1. 12BA7 .99 4 -125 29.00 
1R5 79 6C5 6:íi í28D6 .59 4.250 35.00 
154 "9 6CB6 .801128E6 .59 4E27 7.00 
1T4 78 6CD6 1.491213F6 .51) 4PR60 229.50 

s.na 0. ;r for Cutulop! 
104 3/51 686 3/$1'126X7 .99 4X1506 $15 
1U5 .73 615 .52 12BY7 .98 4X25035.00 
1X2A .68 6J6 .48 121327 .09 4X500 38.00 
3Q4 .68 888 .511 12CU6 1.45 5BP1 4.98 
3Q5 .86 6X7 .741125A7 .94 5BP4 4.98 
3S4 .1)8 6L6 1.19 12567 .89 35T 4.00 
3V4 .83 654 .59 125117 .89 1007 7.01) 
5R4 .98 658 .1)1) 125J7 5 316A 5/51 
5U4 .5)) 65A7 .69 12587 .94 388A 3/$1 
5V4 .89 6587 1.19 125E17 .84 4166 4.00 

)Pon).d Surplus flortron .n ror ,rroo, 1 G 

5Y3 59 6SC7 89 191306 
., 

2.15 4507 42.00 6584., 6567 79 19T8 1.11; 807 1.00 
GAC7 .7'. 6587 00 258Q6 1.39, 809 3.00 
6AG7 65.17 69 251.6 11 811 4.40 
6AH6 9 651(7 7.2 25W4 .77 812 3.00 
6AK5 1 651.7 89 25Z5 )13 813 9.00 
6AL5 2/0'1 65117 2/51 25Z6 75 814 3.45 
6405 :I 6507 7 -I EL34 3.49 815 2.75 
6AS7 3.00 6587 , EL37 2.411 826 .59 
6AT6 .49 6T8 .l, 351.6 .09 8298 8.00 

6ÁU4 1.111 6U8 19 35W4 .19 832A 7.00 
6AU5 1.19 6V6GT .70 35Y4 , 866A 2.75 
6AU6 6W4 7'1 3525 63 1625 5/51 
6AX4 - , 6W6 ) 50A5 ) 6146 4.00 
6BA6 .39 6X4 2/.$1 5085 ) 5879 .98 
6BA7 1.1)1i 6X5 .49 5005 ) 5881 2.70 
6806 .0" 6Y6 .117 50L6 ) 6550 3.90 
6816 .79 787 .89 KT66 3.29 5654 1.00 
6866 1.5íi 12AL5 59 75 .89 5894 12.00 
68X6 72 12AQ5 75 80 59 7193 10 /$1 

TUBES WANTED! WE BUY! SELL & TRADE! 

NEW SILICON 750MA* DIODES HAT; 
GENERAL PURPOSE 400 PIV at 250 MA 
SPECIAL 2 FOR 51 25 FOR $10 

rms/Piv 
35/50 
.25c 

rms/Plk 
280/400 

.65c 

rms/piv 
r70/100 140/200 210/300 

.350 .45c .551 
s/piv 

350/500 
$1.00 

420'600 
$1.26 

490/7ÓO 
$1.35 

rms/Pik m 'Piv rms; piv r /piv 
560/800 630/900 700 1000 770/1100 

51.50 $1.70 $2.00 $2.50 
CAPACITOR INPUT DEBATE 20%, 

ß5 or start Ili, ii tt) toe Pou 1'.P. /U.."- 
°NEW "TEKSEL" SELENIUM RECTIFIERS 

FULL WAVE BRIDGE RECTIFIERS. ONE YEAR OTO!! 
AMP. 18VAC136VAC 72VAC 144VAC 
CONT. 14VDC 120VDC 56VOC 1118VDC 
lAMP 5 1.30 S 2.00 5 4.90 $ 9.45 
2AMP 2.15, 3.00 6.25 12.30 
3AMP 2.901 4.00 8.60 16.75 
6AMP 4.13, 8.00 18.75 36.15 

1OAMP 6.10 12.15 26.30 48.90 
Write for Complete Rectifier Catalog 

NEW Selenium Radio & TV Rectifiers! GTD. 
65Ma 450, g 6 for $2; 100Ma 451 L 12/55, 
250Ma 65c, Gn 113/56; 300Ma 881, 9 10 58; 
500Ma SI, ,,. 10'58, 25 518 

Orders this Item $10 or More, Postpaid 48 States! 

NEW POWER CONVERTER 
12VDC to 500VDC up to 200Ma 100 
Watts; Tapp at 250VDC Type C1250E 
535. III efficiency, lutte ripple. lots- 3111, 

111-''lit - Silicon re,ti tiers! T t))hllal 
1 :11! ]Iagmv La t;ga' wound nd lr:uutorm- 

infU.ed a- short circuit proof. ,an 
' size! Quiet! Light 

1, 
sigh: t-125tt1a: built, c ady tu go. t I'0 r;u ivelc 

Rated. Delco Transistor, \ Heavy Co1)001- Ilcats)nk. 
1 2VD(- tu 250VDC up to 150)1 A T)ne ('1225A $30. 
"TAB" KITS! "TAB" THE BEST KITS! "TAB" 

.1- Kit 2 Eng. Parallel Rules I Kit 5 Sub -Min Tubes Kit 35 Precision Resistors Kit 40 Standoff Insulators Kit 10 Switches Kit 35 Power Resistors Kit 75 Resistors 1/2/1/3W Kit 75 Mica Condensers Kit 
Kit 25OPanel Lamps 

v.. 
Kit 100 

Crystal 
uses Assorted Kit 12 Electrolytic Coed's Kit 100 Ceramic Condsr. Kit 56 Tube Sockets Kit 10 Germanium Diodes Kit 65 Tubular Cond'sers Kit 5 FT243 Xtal Holders Kit 500 Lugs 5, Eyelets Kit 8 Silicon Diodes Kit 10 Bathtub Oil Cond's Kit 5 Microswitches Kit 5 lbs. Surprise PCkg. Kit 4 Asstd Rectifiers Kit 10 Xmttr Mica Condsr. Kit 2 PNP Transistors Kit 3 Phone /Patch Xfmrs Kit 4050 Ft Hookup Wire 

Kit 3 Searchlights Kit 2 Veeder Counters Kit Circular Slide Rule Kit 2- Computer Toroids Kit 12 Algtr Clip Asst'd. Kit High Gain XTAL Mike 

Buy Ut KIT /i -C .''r ON PP,:E! EACH KIT990 
TRANSISTORS & ACCESSORIES 

204.11 53, 20442 54.50, 21277 $4, 2X278 $5, 20157 51.39, 2N176 $1.80. 20177 $1, 2N178 $1.75. 20247 $1.50, 2N255 $1.20. 202711 5.95, 2N274 51.25, 2N408 5.80, 20544 $1.20, 20578 51.80. 20579 52.20, 20581 51.25. 20582 52.10, 
2N174 $8.50, 20443 $6.50. 
DIAMOND BASE MICA MOUNTING KIT $ .30 
DELCO ROUND BASE MICA MOUNTING KIT .30 
DELCO POWER HEAT SINK WITH FINS .75 

"VACDAC "® SILICON TUBE REPLACEMENTS 
WITH BUILT IN RF. SURGE 6 SERIES 

BALANCING PROTECTION 
TYPE VRMS /PIV AMPS. PRICE 
ST866 5000/10400 0.3 520.00 
ST816 5000/7000 0.3 516.00 
ST5R4 1900/2800 0.5 515.00 
ST5U4 1120/1600 0.6 $ 8.00 
SNOOI'ERS('OPE TUBE 2" $5 n , 2 for $9 4X150 HITemp. CHIMNEY EZ SItg 69e, 2 for $1 
1)('22 I N1: \V ORIG. SIG CORPS BECAL16 K RECONDI- 
TIONED OVSEAS P('ED NI':W CALIBRATION BOOK 
MINT l'NIITN! ¶110 
NEW B('1335 26.9 to 38.9 Me's TRANSCEIVER WITH 0\12V SUPPLY 9 SI'AI(1:S OVSEAS PCKD $89 
AN- .Litt(! R('VR GOOD C'OND less tubes 51.59 
SI ?ND 1'Ú1f NF:5V CATALOG 251. 
OC :METER -1" ROUND 0-1 MA $5 Ç) . 2 58 
('O -AX CNN( "r1IS PI.259A 451 R. 5 for $2 
!IVY 110Y t 15V /6Ú('Y SELSYNs TWO for $9 
TS34AI' /WE /USN SCOPE 1./N $49.00 

"TAB" 
TERMS; Money Back Guarantee! 
Our 15th year. $2 min. order 
F.O.B. N.Y.C. Add shpg chargea 

for C.O.D. 25% Dep. Prices or 
hown subject to change. 

111 -KJ LIBERTY ST., N. Y. 6, N. Y. 
ti!.tt! ./Ç PHONE: RECTOR 2.6245 for Catalog 
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U$IP'iE$$ and 

PIE PE at .424t... 

Labs., Inc., New- 
ark, N. J., launched 
the biggest adver- 
tising program in 
its history in sup- 
port of its new 
10th- Anniversary 
line of TV recep- 
tion improving 
products. A special- 
ly designed symbol 
identifies products 
in the line and space ads will be run in 
trade and special interest magazines, in- 
cluding RADIO -ELECTRONICS. A consumer 
program supports the company's FM 
and FM -AM radio line. 

better re o.mu.0 
or better le reception 

... UN, L vNf 

Jensen Industries, Forest Park, Ill., is 
using a series of colorful 12 x 10 -inch 

auauty 
':diamond 

PHONOGRAPH 

NEEDLES 
!... 

NAND frOttnNier 

PERFECTONE 
Orr 

MACAO 1..eM. 
._ 

eeeee (roof 

rtintrtaPI 

counter cards to introduce its new Per - 
fectone phonograph needles in sapphire 
and diamond tips. 

Vaco Products Co., Chicago, Ill., is of- 
fering electronic parts distributors a 
Walking Display attaché case for out- 

side salesmen. It contains a series of 
speciality tools for electronic tech- 
nicians. 

Edward Crowley 
joined Jensen In- 
dustries, Forest 
Park, Ill., as assist- 
ant to the presi- 
dent. Previously he 
was executive vice 
president and di- 
rector of Fidelitone. 

United Catalog Publishers, Inc., 
Hempstead, N. Y., celebrates the 25th 
anniversary of The Radio -Electronic 

Master this year. Arthur I. Rabb, gen- 
eral manager of the company, sets up a 
giant silver replica of The Master in the 
company's reception room as Samuel 
Roth, president, looks on. 

Charles F. Adams (left) was elected 
chairman of the board of Raytheon Co., 
Waltham, Mass. Richard E. Krafve suc- 
ceeds him as president. Krafve, former 

vice president of Ford Motor Co., joined 
Raytheon in the spring of 1959 as group 
vice president, commercial. In Septem- 
ber, he was elected executive vice presi- 
dent and a director. 

G. Barron Mallory, administrative 
vice president of P. R. Mallory & Co., 
Inc., Indianapolis, Ind., was elected 

president succeeding Joseph E. Cain 
Philip R. Mallory was re- elected chair- 
man of the Board of Directors. Cain 
was elected co- chairman of the Board of 
Directors and chairman of the Executive 
Committee, succeeding J. F. Riely who 
remains a member of the Executive 
Committee together with C. Harvey 
Bradley and G. B. Mallory. 

Oden F. Jester 
joined Merit Coil & 
Transformer Corp., 
Hollywood, Fla., as 
general sales man- 
ager. He has been a 
sales executive in 
the electronic in- 
dustry for many 
years, including such posts as radio 
sales manager of Stewart- Warner Corp., 
vice president and general sales man- 
ager of the original Utah Radio Prod- 
ucts Co., and distributor sales manager 
of Standard Coil Products Co. 

J. B. Farese was elected division vice 
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BUSINESS AND PEOPLE (Continued) 

president, Entertainment Tube Products 
Dept., for the RCA Electron Tube Div., 
Harrison, N. J., and C. E. Burnett, divi- 
sion vice president, Industrial Tube 
Products Dept., Lancaster, Pa. Martin 
F. Bennett was named vice president, 
distributor and commercial relations; 
Carl V. Bradford, staff vice president, 
Eastern distributor and commercial re- 
lations at Cherry Hill, N. J., Harold A. 
lienholm, staff vice president, Central 
distributor and commercial relations, 
Chicago; Harold R. Maag, staff vice 
president, Western distributor and com- 
mercial relations, Hollywood, Calif. 

Theodore Linden- 
berg is now direc- 
tor of engineering 
for Astatic Corp., 
Conneaut, Ohio. He 
cornes to the com- 
pany from Picker- 
ing Co., Plainview, 
L. I., N. Y., where 
he served as chief engineer. 

David B. Tolins 
was appointed man- 
ager of the newly 
consolidated adver- 
tising, sales promo- 
tion and merchan- 
dising activities of 
the Semiconductor 
Div. of Sylvania 
Electric Products, Inc., Woburn, Mass. 
He had been division advertising and 
sales manager. 

Don Kirkendall 
was promoted to 
advertising manag- 
er of Electro- Voice, 
Inc., Buchanan, 
Mich., f:om assist- 
ant advertising 
manager. 

Ira Molay (left), sales engineer for 
CBS Electronics Div., Danvers, Mass., 

n 

Arndt 
was promoted to product manager, 
audio components. Kenneth A. Waldron, 
manager of Government sales, is now 
marketing manager for government and 
industrial products. 

Stuart D. Cowan was elected vice 
president, commercial marketing and 
international services, of Raytheon Co. 
Waltham, Mass. He was formerly direc- 
tor of commercial marketing services. 
John E. Gagnon, Robert L. McCormack 
and Dr. Martin Schilling were also 
elected vice presidents of industrial re- 
lations, industrial components, and Gov- 
ernment programs and planning, re- 
spectively. Gagnon had been director of 
employee relations; McCormack, gen- 
eral manager of the Industrial Compo- 
nents Div., and Dr. Shilling, assistant 
for program planning on the corporate 
staff. END 
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NOW... enjoy your Hl -Fl OUTDOORS 
PATIO, GARDEN, TERRACE, PORCH 

with the new WT-6 

ATLAS HI-FI 
COAX -PROJECTOR 

all- weather construction...install it, forget it!... 
or take it with you wherever you listen. 

, 

True HIGH FIDELITY TWO -WAY system -not 
just a "compromise' of two horns coupled to 
c single diaphragm. The WT -6 comprises a 
weatherproof cone type driver (with 6 -inch 
throat) coupled to its individual woofer horn; 
a separate pressure -type driver loaded to its 
separate tweeter horn. The built -in crossover 
electronic filter supplements the electro- 
mechanical frequency -limiting characteristics 
of the 2 individual reproducers - providing 
for smooth frequency division as each 
speaker functions within its engineered 
range of frequencies. 
All- weather ... high efficiency ... compact 
. . for all indoor and outdoor uses . . . 

universally adjustable "U" -type rugged steel 
mounting . finished in high temperature 
baked modern beige enamel. 

POWER RATING 15 watts continuous 
FRED. RESP. 140-15,000 cps $34.50 
IMPEDANCE 8 ohms. DISPERSION 1200 
DIMENSIONS bell opening 15 ", overall depth 12" 
See the WT -6 at your local distributor. Send for cotalog =RE -7- 

net 

P l I 

ATLAS SOUND CORP. 
1449 39th St., Brooklyn 18, N. Y. 

all new edition 
up -to -date 
component prices 

LU 

the quick easy way 

to figure service charges 

VA 

OFFICIAL PRICING DIGEST 
Yoe AÌHLS 

4..1. 
... 

VOL. 4. NO 1 

Flat rate and hourly 
service charges, 
based on and show- 
ing regional and 
national averages, 
plus up -to -date list 
or resale prices on 
over 63,000 compo- 
nents. Arranged al- 
phabetically by man- 
ufacturers and prod- 
ucts, numerically by 
part number. Com- 
pact, convenient size 
fits in tube caddy, 
toolbox or pocket. 
$2.50 per copy from 
your distributor. 

ELECTRONIC PUBLISHING COMPANY, INC. 

180 N. WACKER DRIVE, CHICAGO 6, ILL. 

TRAIN QUICKLY! OLDEST, 3EST 
EQUIPPED SCHOOL of ITS KIND i U.S. 
Cat practical training in Net, Shoe -Labs c Coyne. 
Prepare for a better job and a successful fu ire in a 
top opportunity field. Advanced education or pre - 
vious experience not needed. Employment s vice to 
graduates. 

Enroll NOW -Pay Later 
Finance Plan and Easy Payment Plan. A io Part 
Time Employment help for students. 

FREE BOOK 
Clip coupon or write to address 
below for Free Illustrate_ Book. 

"Guide Careers " -Describes all training offered. 
No obligation and No Salesman 11'ill Call. At NOW 

D. W. Cooke, Jr., President CHARTEF CD 
NOT FOR PI/JFIT 

OYNE 15015W bC0 gro-ss Pkwy. 
Chicago, Dp BO5C 

r COYNE Electrical School 
1501 W Congress Pkwy., Chicago 7, Ill. 
Dept. BO -5C 
Send FREE book "Guide to Careers" an details 
of all training you offer. However, I ein especially 
interested in: 

ELECTRICITY 

NAME 
ADDRESS 

CITY STATE. 
1- 

TELEVISION 111"H FIELDS 
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ALL THE CONVENIENCES OF HOME WILL 

TRAVEL WITH YOU WHEREVER YOU GO 

NOW! FROM ARKAY 
ARKAY 12T TRANSISTOR INVERTER 

Model 2.120W 

KIT 

$29.95 
Factory wired $35.95 

use these .anq' move iron, cab cr L f-fiH/y 
Build it in a few short 
hours - install it in 
minutes I Transistorized 
circuit adapts any 12 
Volt battery to 115 
Volt AC. 

Portable TV 
Electric Razor 
Communications 

Receiver 
Amplifier 
Table Radio 

ONLY ARKAY 
Golden '60 components give a 

LIFETIME GUARANTEE! 

luo FM TUNER KIT 

$39.95 
t4 Ith Factory wired 

$64.95 
All delicate adjustments have been done at 
the factory on the completely pre- wired, 
prealigned front end. All the worry is re- 
moved - only the fun is leftl Professional 
quality FM Tuner with AFC for drift -free re- 
ception, precision tuning indicator, 3 double - 
tuned IF stages. FM -7 KIT 

Richmond Hill 18, N.Y 

Purchasing 
A HI -FI 

SYSTEM? 
NOW YOU CAN CHARGE IT! 

IÍ you arr u lnl, ì'1101.0001 'r,lil rard L,.IJ,v. 
('p In 111 !MI/It/IS 1n hi,p. rV<, dacou pnpmwif. 

Send Us 

Your 
List Of 

Components 
For A 

Package 

Quotation 

WE WON'T BE 
UNDERSOLD! 

All merchandise is 
brand new, fac- 
tory fresh & guar- 
anteed. 

AIREX 
RADIO 
CORPORATION 

Alfec Lansing 
Electrovoice 
Jensen 
Hartley Stephens 
University 
Acoustic Research 
Janssen 
Wharfedale 
Karlson Cabinets 
Viking 
Concertone 
Bell G.E. 
Weathers 
Harman -Kardon 
Eico Pilot 
Ac resound 
Quad Ampl & Spkrs 
Dual Changer 
Bogen Leak 
Dynakit Fisher 
H. H. Scott 
Uher Recorder 
T ho re ns She r wood 

(Fair Traded) 
Pentron Roberts 
Ampex DeWald 
Sony 
Challenger 
Wollensak 
Garrard 
Miracord 
Glaser -Steers 
Rek -O -Kut 
Components 
Norelco 
Fairchild 
Pickering Gray 
Audio Tape 
Magnecord 

Full Line of 
Wellcor Cabinets 

64 -RE Cortland? St., N.Y. 7, CO 7 -2137 
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VOLTAGE REGULATOR of the tubeless 
magnetic- amplifier type supplies 10 to 
25 amperes at 130 volts dc (or less) for 
field winding of ac generators. Input is 
taken from generator's output, making 
generator self -excited. Bulletin 3.100 de- 
scribes this magnetic -amplifier regu- 
lator exciter. - Fidelity Instrument 
Corp., 1000 E. Boundary Ave., York, Pa. 

SERVICING MANUAL that shows dia- 
grams of all of the important 1960 TV 
sets is described in a 4 -page folder. Also 
covered are radio servicing manuals and 
a TV service course.- Supreme Publica- 
tions, 1760 Balsam Rd., Highland Park, 
Ill. 

RECORDING SPECTROPHOTOMETER 
for measuring the color of materials is 
described in Bulletin GEZ- .5031. Oper- 
ating principles, accessories and speci- 
fications are given in 12 -page booklet. - 
General Electric Co., Schenectady 5, 
N. Y. 

POWER SUPPLIES. transistor - type, 
are described in a 4 -page folder. The 
company's ST series covers the range 
from 0 to 18 volts do at up to 6 amps to 
0 to 100 volts at up to 10 amps. -Mid- 
Eastern Electronics, Inc., 32 Commerce 
St., Springfield, N. J. 

MINIATURE LAMPS and who makes 
them are listed in Miniature La ,u 1, Data. 
Drawings of bulb shapes, bases and fila- 
ment styles are also shown. Voltage, 
current and life information is given in 
tabular form. -Chicago Miniature Lamp 
Works, 1500 N. Ogden Ave., Chicago 10, 
Ill. 

COMPONENTS to help design engi- 
neers plan and package circuitry are 
listed in Quick Order Guide. Racks, 
sockets, indicators and hardware are 
among the components listed. -Alden 
Products Co., Dept. QOG -96, 117 North 
Main St., Brocton 64, Mass. 

AUDIO FILTERS AND TOROIDS are 
listed in a 4 -page catalog. A new stand- 
ard line of encapsulated toroids is de- 
scribed and illustrated. Typical per- 
formance curves are shown. Informa- 
tion is given on how to specify style 
and types of leads when ordering. - 
Barker & Williamson, Inc., Canal St. 
and Beaver Dam Rd., Bristol, Pa. 

PUSHBUTTON SWITCHES are avail- 
able in single- and double -row assem- 
blies of from 4 to 12 stations. Bulletin 
No. 70(10 gives detailed specifications, 

Any or all of these catalogs, bulletins, or 
periodicals are available to you on request 
direct to the manufacturers, whose addresses are 
listed at the end of each item. Use your letter - 
head-do not use postcards. To facilitate identi- 
fication, mention the issue and page of RADIO - 
ELECTRONICS on which the item appears. 
UNLESS OTHERWISE STATED, ALL ITEMS ARE 
GRATIS. ALL LITERATURE OFFERS ARE VOID 
AFTER SIX MONTHS. 

photographs and dimension drawings. 
Switches have interlocking action and 
may be illuminated if desired. -Donald 
P. Mossman, Inc., Brewster, N. Y. 

FUSION -SEALED RESISTORS use tin - 
oxide film as resistive element and are 
completely moisture -proof. The film is 
fused to the surface of a glass rod, 
then the assembly is encapsulated in 
glass. Available in Vs- and ' -watt 
sizes. Request data sheet CE -'.02 on 
company letterhead. - Corning Elec- 
tronic Components, Corning Glass 
Works, Bradford, Pa. 

SEMICONDUCTOR HANDBOOK lists 
units by type (small -signal audio, low - 
speed switching, high -speed switching, 
etc.). Parameters of more than 750 
semiconductors are given. Also covered 
are silicon capacitors. - Radio Shack 
Corp.. 730 Commonwealth Ave., Boston 
17, Mass. 

AMPLIFIERS, splitters and outlet wall 
plates for TV distribution systems are 
described in an 8 -page catalog. -Delta 
Electronics, Queen Elizabeth Way, 
Clarkson, Ontario, Canada. 

MECHANICAL FILTERS are listed on 
data sheet CR -141) -1005. Case styles 
are illustrated along with detailed di- 
mensions. Frequency range covered is 
250 to 500 Ice. Single- sideband filters 
range from 60 to 455 kc.- Collins Radio 
Co., Western Div., 2700 W. Olive Ave., 
Burbank. Calif. 

APPLICATION GUIDE gives informa- 
tion on transistor use in chart and 
graph form. A typical graph shows 
transistor gain (in a practical circuit) 
plotted against frequency. - Philco, 
Lansdale Div., Lansdale, Pa. 

MULTICOUPLER PERFORMANCE is the 
title and subject of this 17 -page booklet. 
When feeding several communication 
receivers from a common antenna, a 
multicoupler is necessary to prevent 
mismatches and spurious signals. The 
problem of selecting the correct multi - 
coupler for a particular system is cov- 
ered in detail. -Trak Electronics Co., 
Div. C. G. S. Labs., Inc.. 59 Danbury Rd., 
Wilton, Conn. 

SEMICONDUCTOR SUBSTITUTION for 
the practicing. service technician is sim- 
plified by Seulicmn(Io(t tl. Con, )1clocal 
Manual. It lists radios and audio equip- 
ment by brand name and model number, 
all the transistors, diodes, and rectifiers 
in them. Next to each semiconductor 
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LEARN ALL ABOUT THESE VITAL SUBJECTS 
EASILY ... COMPLETELY . .. ECONOMICALLY 

GYROSCOPES 
VIDEO TAPE RECORDING 

CARRIER TELEPHONY 
TRANSISTOR PHYSICS 

FOUR NEW RIDER TITLES 

BASICS OF GYROSCOPES 
by Carl Machover 

This book is written primarily for the non-spe- 
cialist: not for the gyro engineer, but for the 
student. technician. or engineer who comes in 
contact with the gyroscope in his studies or 
work. The text is primarily descriptive and 
mathematics are kept to a minimum. Only a 
basic knowledge of algebra and trigonometry is 
needed for an understanding of the material. 
The material upon which this book is based has 
been proven successful in teaching engineers. 
technicians and technical sales people at one of 
the nation's leading gyroscope firms. 
Every effort has been made to keep the book 
technically accurate, while simplifying all ex- 

(Pictured -Text' Course) 
-2 Volumes 

planation. Much of the material in his book, 
such as the sections on stable platfc ems, and 
error sources has never appeared befo:e in book 
form. It is up -to -date and some of it has only 
recently been declassified. 
CONTENTS: VOL. I -What a Gyro is .. How 
it works . Vertical Gyro . . Vert -a1 Gyro 
Components ... Directional Gyro. 
VOL. II -The Rate Gyro . . . The Inwel-Rtíng 
Gyro ... Stable Platforms ... Inertia Naviga- 
tion . . Difficulties of Gyro Constru,eion . . 
Other Gyro Applications. 
#257, 2 vols., soft cover, $6.60; #257H,cla h, $7.75. 

BASICS OF CARRIER TELEPHONY (`Pictured -Text' Course) 
by David Talley (radio engineer General Telephone Service Corp., div. General Tel. & Electronics) 

This 'pictured -text' course clearly presents the CONTENTS: The Telephone System; ': dlephone 
fundamental principles of carrier telephone sys- Carrier Definitions; Wire Transmissio- Priori- 
terns. It describes the basic equipment elements pies; Telephone Transmission Practice_; Carrier 
making them readily understandable to tele- System Fundamentals; Modulation and Demodu- 
phone technicians, maintenance personnel and lation Process; Electrical Filters; Carri. System 
engineering students. The book also will acquaint Operation; Carrier Transmission and ; ÿgnaling 
telephone and radio engineers and others in the Features; Cable Carrier Systems; Ca: -.ier Ap- 
communication fields with the carrier multiplex- plications to Radio Systems. #258, 1 -'ol. soft 
ing technique as applied to microwave circuits. r, $4.25; #28 -H, cloth, $5.75. 

VIDEO TAPE RECORDING 
by Julian Bernstein 

Video tape recording has revolutionized the TV CONTENTS: Introduction; Waveshapes mid Sig - 
broadcasting industry. This book deals with all nais; Electronic Photography; Mechani s of Re- 
phases of video tape recording - techniques, cording; Electronics of Tape Recordini: Video equipments, and circuitry. The author has suc- 
ceeded in providing a book that is most useful 
for all who have an interest in this growing Color Correction Circuits; Servo Circuit:; Video 
field. The reader does not require an engineer- Circuits; Machine and Tape Operatiola. #254, 
ing background to benefit from this book. cloth, $8.95. 

FUNDAMENTALS OF TRANSISTOR PHYSICS 
by Irving Gottlieb, l'.E. 

An extremely thorough analysis of the action in CONTENTS: Atomic Physics; Electrical Conduc- 
transistors. While circuit operation is secondary, tion; Transistor Action; Transistor S sucture 
the book will generate a complete understanding and Materials; Biasing the Transso - The of transistor operation in circuits. The book Three Transistor Amplifier Circuit:; telated makes the subject crystal clear without depend- Semiconductor Devices. #.267, $5.90. RE -7 ing upon mathematics for explanation. 

There are more than too Rider titles covering every area of electronics front basic e rctricity 
to space age electronics. At your electronic parts distributor, bookstore or write d -ett: 

\!I JOHN F. RIDER PUBLISHER. INC. 116 West 14th Street. New York I1. N. Y.. 

Canada. Chas. W. Poulton, Ltd., 66 Racine Rd., Resdale, Ont. 

Nora, it British Isles: Chapman Hail Ltd 37 Esses St. . London India: Asia Publishing House. Bombay sad 

NEW LITERATURE (Continued) 

the correct Sylvania replacement is 
listed (if one exists). The more popu- 
lar European and Japanese makes are 
among the more than 60 brands of home 
and auto radios covered. - Sylvania 
Semiconductor Division, 100 Sylvan Rd., 
Woburn, Mass. .inr . 

CLOSED- CIRCUIT TV equipment (cam- 
eras, lenses, monitors, control equip- 
ment, housings, and switchers) is de- 
scribed in a 112 -page industrial catalog. 
Photographs of the units mentioned are 
shown. Write on company letterhead 
and request ITV -9,3069. -Radio Corp. of 
America, Closed- Circuit Television 
Dept., Camden, N. J. 

REPLACEMENT NEEDLE chart for wall 
use is 22 x 24 inches. Shows several 
hundred common phono needles with 
drawing of each, grouped by manu- 
facture of cartridge. Also shows model 
number of needle as indicated by car- 
tridge maker, and list price of replace - 
nlent.- Clevite Walco, 60 Franklin St., 
East Orange, N. J. 

MICROWAVE WAVEGUIDE data are 
covered :u a 14 x 21 -inch wall chart 
called Statlldard Tracey tilde Data Chart. 
It shows military and EIA designation 
numbers, cutoff frequency, CW power 
rating, attenuation factors and mechan- 
ical dimensions. This chart can save 
engineers the time they formerly had 
to spend calculating this data. -Narda 
Microwave Corp., 118 -160 Herricks 
Road, Mineola, N. Y. 

INDUSTRIAL INSTRUMENTS are de- 
scribed in a 12-page "hriefalog" No. 
19 -60. Covered are high- and low -range 
ohmmeters, insulation testers, frequency 
meters, tachometers, dielectric testers, 
etc. -James G. Biddle Co., 1316 Arch 
St., Philadelphia 7, Pa. 

ELECTRONIC KITS for use in school 
science programs are detailed in an 
illustrated 20 -page catalog -Electronic 
Equipment Designed for School Sys- 
tems. Detailed descriptions of all kits 
are included, and the age and technical 
skill needed by the builder are stated. - 
Arkay International, 88 -06 Van Wyck 
Expressway, Jamaica, N. Y. $1. END ATTENTION . . . Service Technicians' Associations 

Special subscription rates t 
employee groups, etc. For in 

CLUB MEMBERS STUDENT GROUPS 
o RADIO-ELECTRONICS ore available to associations, clubs, schools, 
formation write -C. Aliquo 

AT LAST! A home study course cover- 
ing all phases of electric and elE:tronic 

organ se- vicing. 
An extensive 
course c: vering 

every make of organ -repair, I egulat- 
ing, and troubleshooting. 

"I've found out. ma'aiii., why your set's 
been smoking lately." 

JULY, 1960 

will increase their acceptability. 

The Editor, RADIO- ELECTRONICS 
154 West 14th St. New York 11, N. Y. 

JULY, 1960 

Accelerated year -round program prepares tr nrly em- 
ployment. in fields or Seiellee and Engineering. Regular 
4 -year program: for B.S. Decree colonic ell in :Ir months, 
.peeiul engineering degree program in 27. Classes start 
quarterly-Juno. scptowber. January. March. Quality 
education. Graduates employed front coast to eatst. Gov- 
ernment approved for veteran training. Student; from .l0 
states, 40 countries. 20 buildings: dorms. ,vol. 'ammo,. 
Save time and money. Earn board senile sl nilviu;;. AAl1:0 
tor eataing and eomplete information. 

1770 E. Washington Blvd.. Fort Wayne 2, Indiana 

INDIANA TECHNICAL COLLEGE 

D Industrial Electronics O Sound Equips. Serv'g D Profuse! Eng. (Elec.) 
Radio -TV Engrg D Electrical Eng'r'g D Electrical Drafting 

17 Electronic Servicing D Electrical Tech. D Other 

Name 

Address 

City State 

Age 

A NEW COURSE 

Electronic 

ORGAN SERVICING 

Your Opportunity i o tuo pp ty To Get Into A 
New, Rapidly Expanding Sold At 
The Start. Don't Miss It ! ! 

WRITE NOW 
FOR FREE 

BOOKLET 

NILES BRYANT SC, 

NHSC Approved * The Pionee- School 
Established 1898 
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.aiusx..___.- _.___........_ Aga_ 
Address____.._....._.._._.__...._ _ ..____ ... ............ 

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

I'm eligible for veterans educationbe aefits. 
F G -123 
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JULY SPECIALS 
RG8A /U Coaxial Cable. rt..h -,irk. 1.utc,t non- 
contaminating type of Btl: I 1_e ft. 
UG88 /U Connectors modern tW, ItNI' connector. 
Meg. price $1.041. .01c. 
Hubbell Polarized Plugs. ltated 20 A vt 2511 V. 
Order Hubbell 1'a 1'h Shuk 

r -2117. 
Ceramic crystal sockets for lilt vili miniature l'It 
typc erA.Wl,. 1ft Stk. Slt -21f. 
Silver Plated Buss Strips for UHF wiring and 
plate connections. 4' I. -t iI h. \Vi Ith: ' In 

Length .15e. Stock Olt-212 ( .I5c each. 
In 71:." l.rugth Stock 4711-21:f Ut .25i, each. 
TS497 /U Military Equivalent of Model 80 Sig. 
Generator. 2 to 400 \Ic,, in 0 baud,. 3::511.1/0, 
SP -600 Hammarlund Super-Pro. .54 to 54 \lc,. ìu 
li Itt111l,. (.alt eel tilled O.H. Hop. $12011.1111. Slteedati 
tl:itl,IIIt, 

Just received new lot of transistorized power sup- 
plies. I L P. n i p i t a l \- 1'v \I'. \lod,9 In ;Alt. Ne . 

wine tnl' d715í(,. 
oil Capacitor Special. 2 Mltl e 2.110n VD(' $2.110 
Iltrat het, .20c for a pair). 
Westinghouse Glass -Enclosed Overload Relay. 
.-Wí11- ,tnbh. 11'11111 J1111 )ta. :dl to 2 Antis, 

80 ('IS. 'type SC-I. $4.95 .1 I lrh. 
Mobile Transmitter. iryatal uyrilla[ur 
into l'ItS 5.11i amplifier. \I,i, lern d,,í;:11. Only 7 

Ih... net tit.. including built -in r, C. S11111tttn' pin 
.,apply, a S ,í(í711u r,rrilhr,, í'1111q1. ru111,w1 du 
t11nn1iuum rabimt. ('1111í.h,( a'erc.I Ul thnl 111111- 

blr, Ilea,' III 1111!,7 hand. Itognire. .light ,F , 

11ouliliea I ion air to Meter opera r,ut. rn11.e,1 u. 
tubes $I:í.11:,. 
Raised Relief Map 21' s Ls'1 Iteautititi 
in lit( tiule Illy air- Specify l'S.A or world Map U, 

$4.:1., each ueady for haugiu;; -,elf 8511117,((. 
Ling Model 2050 TV Xmtr I Demonstrator) 4211 to 
4511 Ile. write rnr ,detail,. 
Aero 9 Reed Freq. Meter. Bann;,: :Iv to f2 Cy. 
11111 -111 V. . \l- :i" ltd. $11.1,1. 
Cramer 15 Second Adjustable Tinter. I (Per. on 
7.5 CAI' Gg CPS, Supplied tI :11ìt tide shun ror 
117 VA(' Ilse. SlI(T cnntect: 111 Amp.. Montt- in 

lIia. ltd,.. 
Selen. Rectifier 130 V. RMS 300 Ma. .500 
1'115x r, ble .u4c l -t. 
minimum 111 (let $:x.011. .cur ., nir rh:nç, t(Il 
1/l der, 1111,1' $7.0n- 
.11'S'r I1'9'I Nl-f \ \' SI'\I\Ilill sliErr lilt l) I111'1 
'1'o1/AY, 

Walker 5 -1000 

J BAR 
oeot. RE-7 

J 

ti 

C O R P O R A T O N 

512 BROADWAY, NEW YORK 12, NEW YORK 

Please mention 

RADIO -ELECTRONICS 

when answering advertisements 

TAPE RECORDERS 
HI -FI COMPONENTS 
SLEEP LEARN KITS 

MERITAPE UNUSUAL 
I. u n ro<t . high VALUES 
nt.dlu reeotding FREE 

1 p, -. It I irze. or calls. 1960 CATALOG 
DRESSNER,69.02RE 174 St., Flushing 65, N.Y 

GRIPS THE SCREW! 
DRIVES IT TOO! 

122 

SCREW 
DRIVER 
2" to 14" blades, 
4 bit sizes. Avail- 
able with shock- 
proof plastic 
covered tubing. 

Ask For It 
At Your Dealer 

KEDMAN CO., 233 S. 5th W., Salt Lake City, Ut. 

NEW BOOKS (Continued) 

diagnosis, electrotherapy and electro- 
surgery. Electronic readers will find 
the chapter on strip chart recorders 
and that on ultrasonics especially 
interesting. -FS 
CLASS -D CITIZENS BAND CALLBOOK, 
1960. International Crystal Mfg. Co., Inc., 
Oklahoma City, Okla. 9 x 11 in. $3.95. 

This register is for persons who oper- 
ate class -D, who intend getting their 
permit to do so or who merely like to 
eavesdrop on the band. It gives calls in 
every district, with names and ad- 
dresses, and includes a map, explanation 
of FCC rules, plus data on antennas, 
tuning and frequency measurement, etc. 

An application for a Citizens band 
permit and the complete Part 19 of the 
FCC rules form part of the callbook. 
They will help you get your name in 
the next callbook. -IQ 
PRINCIPLES OF TRANSISTOR CIRCUITS, 
by S. W. Amos. John F. Rider Publisher, 
Inc., 116 W. 14 St., New York 11, N. Y. 
51/2 x 81/2 in. 167 pp. $3.90. 

This book is an excellent introduction 
to the theory and practice of transistors 
and circuit design. It discusses such 
factors as gain, power, impedance, 
stability factor, etc., and practical ex- 
amples show how to determine them. 

The book is suited for students and 
technicians who know basic algebra. It 
derives the exact formulas for circuits 
and their approximate values as used in 
practice. Small -signal and class -B am- 
plifiers, radios and stabilizing networks 
receive special attention. Multivibra- 
tors, dc converters and the newer tran- 
sistor types are discussed briefly. 

INDUSTRIAL ELECTRONICS AND CON- 
TROL, by Royce Gerald KloefRer (Second 
Edition). John Wiley & Sons, Inc., 91/4 x 

6 in. 540 pp. $10. 
A text for the advanced student, 

practicing engineer or technician inter- 
ested in industrial electronics. Expanded 
and updated, the book covers many 
aspects of the subject. It starts off with 
nine chapters on electronic fundamen- 
tals, including transistors, electrical 
conduction in gases, and amplifier and 
oscillator circuits. The remaining nine 
chapters illustrate the operation of 
several types of industrial devices - 
servomechanisms, high -f requency- heat- 
ing, X -ray applications and computer 
principles.-LS 

SILICON RECTIFIER HANDBOOK, Sarkes- 
Tarxian, Inc., Semiconductor Div., Bloom- 
ington, Ind. 51/4 x 81 /2 in. 62 pp. $1. 

Here is the whole story of silicon 
rectifiers, from theory to practice. 
Manufacturing methods, test circuits 
and filter design are among the sub- 
jects. Charts, tables and formulas show 
how to get optimum results from recti- 
fiers and circuits. The book ends with a 
list of rectifiers and their character - 
istics. -IQ 
LOW FREQUENCY AMPLIFIER SYSTEMS, 
70 pp. $1.80. 
VIDEO AMPLIFIERS, 80 pp. $1.80. 
RF AMPLIFIERS, 96 pp. $2.40. Edited by 

new 
BOOKS 

A. Schure. John F. Rider, Publisher Inc., 
116 W. 14 St., New York 11, N.Y. 51/2 x 

81/2 in. 
These 3 volumes cover the frequency 

ranges from of through i'f to the higher 
video frequencies. Readers should be 
familiar with algebra and radio theory. 
The books discuss design equations and 
show how to use them. Most of the 
material is on tube circuits, but two of 
the books include short chapters on 
transistors. All three are suitable for 
students of electronic technology. 

TABULATION OF DATA ON RECEIVING 
TUBES. National Bureau of Standards 
Handbook 68. US Government Printing 
Office, Washington 25, D. C. 73/4 x 101/4 
in. 110 pp. $1. 

This handbook makes it easy to 
locate the receiving tube you need. It 
lists types with less than 25 watts plate 
dissipation that are suitable for use at 
frequencies below 1,000 mc. 

A numerical listing gives size and 
shape, use, manufacturer, as well as 
plate and filament ratings, g,, capac- 
itance, etc. Also, tubes are listed under 
headings like double triode, pentode 
with triode, etc. Large, readable base 
diagrams appear at the end of the 
book. -IQ 
ABC'S OF HAM RADIO by Howard S. 
Pyle. Howard W. Sams & Co. Inc., 1720 
E. 38 St., Indianapolis, Ind. Bobbs- Merrill 
Co., 717 5th Ave., New York, N.Y. 51/2 x 
81/2 in. 112 pp. $1.50. 

From this book you can learn all you 
need to know to become a Novice oper- 
ator. It tells how to prepare for the 
exam and how to learn the code. Basic 
electricity, Q code, location of FCC 
offices are among the contents. 

RADIO AMATEUR LICENSING HAND- 
BOOK (Second Edition), by Jim Kitchin. 
Radiotelephone Directories of Canada 
Ltd., 119 W. Pender St., Vancouver 3, B. 

C., Canada. 51/2 x 81/2 in. 107 pp. $2. 

This one is for Canadians. It explains 
licensing and operating rules in Canada 
and gives typical exam questions. The 
Q code, time- conversion charts and 
other useful data are included. Canada 
has no Novice class and its radio exams 
are partially oral. Therefore, radio 
theory is particularly important to 
prospective hams. This is not a theory 
book, so the reader should arrange to 
study techniques from another source. 
-IQ END 

"Joe's been on ear radio, too long" 

RADIO -ELECTRONICS 
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LEARN ALL ABOUT THESE VITAL SUBJECTS 
EASILY ... COMPLETELY ... ECONOMICALLY 

GYROSCOPES 
VIDEO TAPE RECORDING 

CARRIER TELEPHONY 
TRANSISTOR PHYSICS 

FOUR NEW RIDER TITLES 

BASICS OF GYROSCOPES ('Pictured -Text' 
by Carl Machover 

This book is written primarily for the non-spe- 
cialist: not for the gyro engineer. but for the 
student. technician, or engineer who comes in 
contact with the gyroscope in his studies or 
work. The text is primarily descriptive and 
mathematics are kept to a minimum. Only a 
basic knowledge of algebra and trigonometry is 
needed for an understanding of the material. 
The material upon which this book is based has 
been proven successful in teaching engineers. 
technicians and technical sales people at one of 
the nation's leading gyroscope firms. 
Every effort has been made to keep the book 
technically accurate, while simplifying all ex- 

Course) 
-2 1 'olu nt es 
planation. Much of the material in this book. 
such as the sections on stable platfo ms, and 
error sources has never appeared befarin hook 
form. It is up-to-date and some of it has only 
recently been declassified. 
CONTENTS: VOL. I -What a Gyro s ... How 
it works . . . Vertical Gyro . Ve-t eal Gyro 
Components ... Directional Gyro. 
VOL. II -The Rate Gyro . . . The ln,grating 
Gyro . , . Stable Platforms ... Inert Naviga- 
tion . Difficulties of Gyro Conatrae(ion . 

Other Gyro Applications. 
X257.2 vols., soft cover, $6.60; $257H, do .h, $7.75. 

BASICS OF CARRIER TELEPHONY ('Pictured -Text' Course/ 
by David Talley (radio engineer General Telephone Service Corp.. div. General Tel. & Et,. orrice) 

This 'pictured -text' course clearly presents the CONTENTS: The Telephone System; 21ephone 
fundamental principles of carrier telephone sys- Carrier Definitions; Wire Transm ue . l'rinei- 
tems. It describes the basic equipment elements Ales; Telephone Transmission Pract;, Carrier 
making them readily understandable to tele- System Fundamentals; Modulation ar, ltemodu- 
phone technicians, maintenance personnel and Cation Process; Electrical Filters; Car. r System 
engineering students. The book also will acquaint Operation; Carrier Transmission aol ignaling 
telephone and radio engineers and others in the Features; Cable Carrier Systems; Ce rier Ap- 
communication fields with the carrier multiplex- plications to Radio Systems. X258, 1 vol. soft 
ing technique as applied to microwave circuits. cover, $4.25; #258 -H, cloth, $5.75. 

VIDEO TAPE RECORDING 
by Julian Bernstein 

Video tape recording has revolutionized the TV CONTENTS: Introduction: Waveshapts and Sig - 
broadcasting industry. This book deals with all nals; Electronic Photography; Mechsr. to of Re- 
phases of video tape recording - techniques, cording; Electronics of Tape Reccrdit g; Video equipments, and circuitry. The author has suc- 
ceeded 

Recording; Servo Systems; The Vide System; in providing a book that is most useful 
for all who have an interest in this growing Color Correction Circuits; Servo Citrus :s; Video 
field. The reader does not require an engineer- Circuits; Machine and Tape Operations. #254, 
ing background to benefit from this book. cloth, $8.95. 

FUNDAMENTALS OF TRANSISTOR PHYSICS 
by Irving Gottl:rh, I.E. ' 

An extremely thorough analysis of the action in 
transistors. While circuit operation is secondary. 
the book will generate a complete understanding 
of transistor operation in circuits. The book 
makes the subject crystal clear without depend- 
ing upon mathematics for explanation. 

There are more than ROO Rider titles covering every area of electronics front basic electricity 
to space age electronics. At your electronic parts distributor. bookstore or write dirert: 

CONTENTS: Atomic Physics; Electr :ca Conduc- 
tion; Transistor Action; Transistor Structure 
and Materials; Biasing the Tran,is :or; The 
Three Transistor Amplifier Circa.ts Related 
Semiconductor Devices. 0267. $3.90. RE -7 

JOHN F. RIDER PUBLISHER. INC. 116 West 14th Street. New York 11, N 1 

Canada. Chas. W. Poulton, Ltd., 66 Racine Rd., Resdale, Ont. 

¡erode a sritish Isles: Chapman d Hall Ltd.. 37 Lots St.. London India: Asia PubinMno Howe. Bomb[r t 
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the correct Sylvania replacement is 
listed (if one exists). The more popu- 
lar European and .Japanese makes are 
among the more than (O brands of home 
and auto radios covered. - Sylvania 
Semiconductor Division. 100 Sylvan Rd., 
Woburn, Mass. 500. 

CLOSED -CIRCUIT TV equipment (cam- 
eras, lenses, monitors, control equip- 
ment, housings, and switchers) is de- 
scribed in a 112 -page industrial catalog. 
Photographs of the units mentioned are 
shown. Write on company letterhead 
and request ITV- 9do5!1. -Radio Corp. of 
America, Closed- Circuit Television 
Dept., Camden, N. J. 

REPLACEMENT NEEDLE chart for wall 
use is 22 x 24 inches. Shows several 
hundred common phono needles with 
drawing of each, grouped by manu- 
facture of cartridge. Also shows model 
number of needle as indicated by car- 
tridge maker, and list price of replace - 
ment.- Cle%ite 1W'alco. 60 Franklin St., 
East Orange, N. J. 

MICROWAVE WAVEGUIDE data are 
covered in a 14 x 21 -inch wall chart 
called Stuudnrd Ira Data ('bras t. 
11 shows military and EIA designation 
numbers, cutoff frequency, CW power 
rating, attenuation factors and mechan- 
ical dimensions. This chart can save 
engineers the time they formerly had 
to spend calculating this data. -\arda 
Microwave Corp., 118 -160 Herricks 
Road, Mineola, N. Y. 

INDUSTRIAL INSTRUMENTS are de- 
scribed in a 12 -page "lui(fa log" . \o. 
I9-61). Covered are high- and low -range 
ohmmeters, insulation testers, frequency 
meters, tachometers, dielectric testers, 
etc. -James (I. Riddle Co., 1316 Arch 
St., Philadelphia 7, Pa. 

ELECTRONIC KITS for use in school 
science l log ani , are detailed in an 
illustrated 20 -page catalog -Electronic 
Eyrti)nnent Designed tle Sys - 
leMS. Detailed descriptions of all kits 
are included, and the age and technical 
skill needed by the builder are stated. - 
Arkay international, 88 -tHi Van Wyck 
Expressway, Jamaica, N. Y. $1. END 

TV 

L 

"I've found 
been 

JULY, 1960 

olher rile 

ATTENTION . Service Technicians' Associations 
CLUB MEMBERS STUDENT GROUPS 

to RADIO. ELECTRONICS are available to associations, club;, schools, 
information write -C. Aliquo 

AT LAST! A home study course cover- 
ing all phases of electric and ,electronic 

organ servicing. 
An e:;tensive 
course covering 

every make of organ- -repair regulat- 
ing, and troubleshooting. 

Special subscription rates 
employee groups, etc. For 

ma'tun, why your sets 
king lately." 

Accelerated year-round program r 
plut in !kid. S, I.: 

r pttt.r:tln l,ir I:. 1i. .. 
.prrial rnxiurrriu:: . t 

quarterly .Iwt,, S, 
rdnr:nioo. I rmpinrd (nnu ron.t tu 
o,nm,td app, tit rd Iraillitn(. St tidily 

2u hnildincs: dniur, _su,. 
, i,u, ;uI mou, Earn board tchile tnily N 

t alu_ .,nd 4011i1,1m,. into,tnati,in. 
1770 E. Washington Hlvd.. Fort Wayne 2, Indiana 

INDIANA TECHNICAL COLLEGE 

A NEW COURSE 

Bloom* 
ORGAN SERYICIN 

Your Opportunity To Get Into A 
New, Rapidly Expanding =field At 
The Start. Don't Miss It ! ! 

WRITE NOW 
FOR FREE 

BOOKLET 

NHSC Approved * The Pionee School 
Established 1898 
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There's a Gernsback Book for everyone in electronics - 
beginner, serious experimenter, hi -fi fan, service tech- 
nician, engineer. Gernsback books are technically ac- 
curate and fun to read. Page for page and dollar for 
dollar they give you more than any other technical 
books in the field. Read them and see. -You'll agree 
your best buy's GERNSBACK. 

SERVICING 
L No. 85 -How to Get the 
Most Out of Your VOM- 
By Tom Jo. How to put 
this versatile ,nstrument to 
new uses. $2.90 

No. 8I- Printed Circuits 
-By Morris Moses. Hcw 
hey're made. How to work 

wish thorn. $2.90 
No. 78. -Rapid Radio Re- 

pair-by G. Warren Heath. 
Ncw you can find the tough- 
est trouble in minutes. $2.90 
[j No. 76- Servicing Tran- 
sistor Radios -By Leonard 
D Airo. A specialist shows 
-,ou how. $2.90 

TNo. 
72- Oscilloscope 

echniques -By AI!ed Haas. 
How to use the scope or 
many new purposes. Hun- 
dreds of actual scope pat - 
terns illustrated. $2.90 

O No. 68-TV and Radio 
Tube Troubles -By Sol H. 
lei. How to spot tut 
troubles fast. $2.90 

No. 65- Servicing Color 
TV-By Robert G. Middleton. 
Color fV sales arc up. Keep 
up With the industry, get this 
book now. $2.90 

No. 60 -Rapid TV Repair - By G. Warren Heuth. The 
ABC's of fast TV servicing. 

$2.90 
No. 59- Servicing Record 

Changers-By Harry Mlleaf. 
It's easy and profitable to 
fi. changers. $2.90 
O No. 57 -The VTVM - By 
Rhys Samuel. How and why 
it works with hints on new 

$2.50 
No. 55 -Sweep and 

Marker Generators for TV 
and Radio -By Robert G. 
Middleton. You need this 
one for better servicing. 

$2.50 
No. 54- Probes -By Mar - 
Clifford and Bruno Zuc- 

sni. All probe types and 
now to use them. $2.50 

No. 52 -The Oscilloscope 
-By George Zwick. How to 
understand and use your 
scope. $2.25 

Q No. 50-TV Repair Tech- 
niques- Cerner cjtting hints 
to make servicing easier. 

$1.50 
0 No. 49 -Radio & TV Test 
nstruments -Build 22 o' the 

most practical. A steal at 
this price. $1.50 

SEMICONDUCTORS 
l No. 92- Fundamentals of 
semiconductors 5 M. G. 
Sc' i A .-er'ul study 

Li No. 89- Transistor Proi- 
acts-A how- to -do -it that 
P omises hours of happy 
building. $2.90 

No. 63- Transistor Circuits 
-By Rufus P. Turner. Over 
153 "building blocks" ana 
they ill work. $2.75 
Q No. 6I- Transistor Tech- 
niques-A work book on test- 
ing, performance, construc- 
tion. $1.50 

No. 75- Transistors Theory 
Practice (2nd ed.) - By 

Rufus P. Turner. Accepted as 
the standard work on the 
subject. It belongs on your 
bookshelf. $2.95 

HIGH FIDELITY 
No. 90 -Hi -Fi Made Easy 

-By Norman Crowhurst. Mr. 
Hi -Fi tells the layman what 
its all about. Clever car 
toons make learning more 
fun. $2.90 
0 No. 80- Stereo -How It 
Works -By Herman Burstein. 
If you want to know all 
about stereo get this one. 

$2 90 

No. 79- Designing and 
G ilding Hi -Fi Furniture -By 

Jeff Markell. For the men 
who wants his system, to loot 
good, too. $2.90 

No. 73 -Audio Measure- 
ments - By Norman Crow - 

hurst. A complete manual 
for asdiophile, technician, 
engineer. $2.90 

No. 71 -H. A. Hartley's 
Audio Design Handbook - 
See -you don't have to be 
an engineer. $2.90 

No. 67- Elements of Tape 
ecorder Circuits -By Bur- 

stein and Pollack. Complete 
coverage of the electronic 
elements of a tape recorder. 

$2.90 
DI No. 66 -Basic Audio 

ourse -By Donald C. Hoef- 
ler. From the theory of sound 
to recording techniques. 

$2.75 
No. 64 - Understanding 

Hi -Fi Circuits -By Norman 
Crowhurst. How audio cir- 
cuits work and what to ex- 
pect from them. $2.90 

No. 58- Maintaining Hi -Fi 
Equipment-By Joseph Mar- 
shall. What you have to know 
to service hi -fi systems. $2.90 

No. 56 -High- Fidelity Cir- 
cuit Design - By Norman 
Crowhurst 6 George Cooper. 
For the advanced hi -fi man. 
Cloth bound. $5.95 

i0No. 48 -High Fidelity- 
Design, Construction, Meas- 
urements. $1.50 

HOBBIES 
No. 74 - Model Rad 

Control-By Edward L. 
ford. Revised and expan i 
basic book on theory ana 
construction. $2.65 

No. 70- Electronic Puzzles 
and Games - By Matthew 
Mandl. Lots of 'un for be- 
ginners. $1,95 

01 No. 69- Electronic Hobby- 
ists' Handbook -By Rufus P. 
Turner. A grab bag of ideas 
for the electronic doodler, 

$2.50 

0 No. 53 - Radio Control 
Handbook - By Howard G. 
McEntee. A practical con- 
struction book. $2.25 

FUNDAMENTALS - 
MISCELLANEOUS 

No. 84 - Marine Radio 
for Pleasure Craft -By Har 
old McKay. A primer for the 
growing navy of part -time 
skippers. $2.95 

D No. 77 -Guide to Mobile 
Radio -By Leo G. Sands. A 
close look at a growing new 
phase of electronics. $2.85 

No. 62 -TV -It's a Cinch - 
Li E. Aisbcrg. It is witr 

delightfully written (ano 
Loon- studded) book. $2? 

No. 47 -Radio i TV Him 
-Hundreds o' 'em -and -, 
a buck. SLOB 

No. 45 -Radio Tube Fun - 
amentals - By George 

Christ. Tells the practice' 
technician how and wit, r:h^ 
work. $1.00 

0 
No. 44 - Basic Radio 

Course-By John T. F'. 
Manages to make the 
from Ohm's law to c'' 
analysis 'un. Cloth be 

S2 25 

All books paper bound unless otherwise stated 
SEE THEM AT YOUR DISTRIBUTOR -OR ORDER DIRECT 

In Canada: Len Finkler, 1794 Avenue Rd., Toronto 12, Ont. 
Prices slightly higher in Canada 

GERNSBACK LIBRARY, INC., New York 11, N. Y. 
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new 
BOOKS 

SERVICING HI -Fl AND FM IN THE CUS- 
TOMER'S HOME, by Milton S. Kiver. 
Howard W. Sams & Co. Inc., 1720 E. 38 
St., Indianapolis, Ind. 8' 2 x 51 2 in. 158 
pp. 52.95. 

Service technicians will find this hook 
helpful. A wide range of rapid tests 
are described for all kinds of hi -fi 
equipment. For example, Chapters 3 
and 4 show the best way of using a 
vtvm and a small probe detector to 
troubleshoot amplifiers and AM -FM 
receivers in the home. Also covered are 
printed circuits, stereo units and tran- 
sistor preamplifiers. -LS 

MOST -OFTEN -NEEDED 1926-1938 RADIO 
DIAGRAMS and Service Information. 
Compiled by M. N. Beitman. (Reprint of 
book copyright 1941.) Supreme Publica- 
tions, 1760 Balsam Road, Highland Park, 
Ill. 8' 2 x 11 inches, 240 pages. 52.50. 

The rising interest in classic radios 
has prompted large numbers of in- 
quiries for schematics of receivers 
manufactured before the '40's and going 
back to battery sets. These have been 
hard and expensive to obtain, being 
largely photocopied from out -of -print 
volumes. In view of the increasing 
demand, Supreme Publications has re- 
printed its Volume I, going from 1937 
back to the early Atwater Kents. 

The collector of ancient radios will 
find this work very useful, though he 
may be surprised to find that the manu- 
facturers omitted values in some of the 
oldest schematics. -FS 

CIRCUIT THEORY OF LINEAR NOISY 
NETWORKS, by Hermann A. Haus and 
Richard B. Adler. Technology Press of 
MIT and John Wiley Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 6 x 9 in. 79 
pp. $4.50. 

Much work is needed and is being 
done to minimize noise in radio circuits. 
To control anything, one must first 
understand and measure it. These 
authors have worked out methods for 
expressing the noise performance of 
networks and amplifiers, including those 
with negative resistance. A knowledge 
of higher mathematics is required. -IQ 
MEDICAL ELECTRONICS, by Edward J. 
Bukstein. Frederick Ungar Publishing Co., 
131 E. 23rd St., N. Y. 10, N. Y. 6 x 9 in. 
168 pp. 53.50. 

Mr. Bukstein, known to readers of 
t his magazine as the author of a number 
of articles, is an instructor of advanced 
electronics and approaches medicine 
from the electronic side of the fence. 
The book, therefore, pays most atten- 
tion to things electronic, although it 
does describe in detail the recording 
of biological potentials and of non- 
electrical physiological phenomena, as 
well as devoting a chapter to electro- 

RADIO -ELECTRONICS 
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I 

SCHOOL 
DIRECTORY 

ELECTRONICS 
PREPARE FOR A GOOD JOB! 

BROADCAST ENGINEER 
RADIO SERVICING AUTOMATION 

TELEVISION SERVICING 
BLACK & WHITE -COLOR 

APPROVED FOR VETERANS AND SURVIVORS 
OF VETERANS 

BUILDING AIR CONDITIONED 
SEND FOR FREE LITERATURE 

BALTIMORE TECHNICAL INSTITUTE 
1425 EUTAW PLACE. BALTIMORE 17. MD. r SCIENCE 

allow ENGINEERING 
BACHELOR'S DEGREE IN 27 OR 31, MONTHS 

Accelerated ea round u vg rum: A, e , Civil 
Elec., :ech.` Metal.: a1:hh., Chemistry. l'In >: 11min.: 
'ate. Earn board. New classes start Sept...l:un.. SI:,r...Iiim 
Catalog. 1570 E. Washington Blvd., Fort Wayne 2, Indian.,. 

INDIANA TECHNICAL COLLEGE 

GET INTO 

ELECTRONICS 
V.T.I. training leads to 
technlclans, field engineers, special- 
ists In communications. guided la- 
Mies, computers, radar and automation. 
Basic and advanced courses In theory 
and laboratory. Assoc- degree In elec- 
tronics In 29 mos. B.S. in electronic 
engineering obtainable. ECPD ac- 
credited. G.I. approved. Graduates in 
all branches of electronics with major 
companies, Start September, February. 
Dorms, campus. Hielt School graduate 
or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C vaiparaiso, Indiana 

engineering degree in 27 months 
Grasp your chance for , better life. Rapid advancement. 
Better income. BAC'HFI.OIi OF SCIENCE DEGREE IN 27 
MONTHS in Elect. (Electronics or Power major), Dlech., 
Civil, Aero., C11,111., Engineering. IN 36 MONTHS in 
Business Administration (General Business, Acctg., Motor 
Transport Mgt. t jots). Small classes. Morn professional 

lass hours. Well- equipped labs. Campus. Dorms. 
Modest costs. Year-round operation. Founded 1884. Enter 
Sept., ,inn., Mar., .duly. Write J. G. McCarthy, Director 

' of Admissions, for Catalog and Your Career in Engineer- 
ing and Commerce" Book. 

TRI -STATE COLLEGE 2Angolal 
leInd 

ana 

PHOTOGRAPHS 
RADIO -ELECTRONICS can use good 
photographs of service benches, service 
shops, high -fidelity audio layouts, and any 
other interesting and original radio - 
electronic devices. 
We will pay $7.50 each for good profes- 
sional photos or equivalent, suitable for 
reproduction. 
Full information on subject photographed 
will increase their acceptability. 

The Editor, RADIO -ELECTRONICS 
154 West 14th St. New York 11, N. Y. 

JULY, 1960 

LEARN 
RADAR MICROWAVES 

COMPUTERS -TRANSMITTERS 
CODE TV RADIO 
Phila. Wireless Technical Inst. 
1533 Pine Sf., Philadelphia 2, Pa. 

A Non -Profit Corp. 
Founded in 1908 

Write for free Catalog to Dept. RE -7 
Sept. classes now forming 

Learn Transistor 
Electronics At Home! 

¡3repare now for a profitable 
areer in this growing field. Learn 

theory, construction and appli- 
cations of all types of transistors 
with this proven home -study 
course from the Philco Techno- 
logical Center. 

FOR FREE INFORMATION 
PLEASE WRITE TO: 

PHILCO® 
TECHNOLOGICAL CENTER 

"C" and Ontario Sls., Philadelphia 34, Pa. 

FREE! 
ELECTRONICS 

CAREER KIT 

If you're interested in breaking into a 
good -paying job in Radio -TV- Electronics, 
I. C. S. will send you absolutely free a 
famous Career Kit with 3 famous booklets 
that have helped thousands of others - 
just like yourself - on the road to real 
success- Includes: 

1 
"HOW TO SUCCEED" Career Guide - 
36-page gold mine of career tips and 
information. 

2 
'JOB CATALOG" of opportunities in 

your field of interest. 

3 
"SAMPLE LESSON" (math) to demon- 
strate the famous I.C. S. method. 

Send today for your free I. C. S. Career Kit 
with these 3 famous booklets. There's no 
obligation. This may be the big break 
you've been waiting for. Mark and mail 
the coupon today. 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Dept. 37689F, Scranton 16, Penna. 
Please send free Career Kit with 3 famous booklets 

O General Electronics Radio -TV Serv'g O Practical Electrician 
O Industrial Electronics O Sound Equipt. Serv'g O Profess'I Eng. (Elec.) 

Radio -TV Ene r'o O Electrical Ete r'e O Electrical Draping 
O Electronic Servicing O Electrical Tech. Other 

Name Age 

Address 

City State i 

prepare tor your career (n 

ELECTRICAL 
ENGINEERING 

ELECTRONICS 

COMPUTERS 
RADIO 4V 
At MSOE, you can equip 
yourself for a career 
in many exciting, grow 
ing fields: MISSILES 
RADAR AUTOMATION 
RESEARCH DEVELOPMENT 
ELECTRICAL POWER 
AVIONICS ROCKETRY 

When you graduate from 
the Milwaukee School 
of Engineering, you are 
prepared for a dynamic 
career as an Electrical 
Engineer or Engineer- 
ing Technician. Under 
a faculty of specialists, 
you gain a sound 
technical education in 
modern, completely 
equipped laboratories 
and classrooms. As a 
result, MSOE graduates ,I. 
are in great demand 
and highly accepted by 
industries nationally. IP 

At MSOE you will 
meet men from all 
walks of life and all 
parts of the country - some fresh out of 
high school or prep 
school, others in their 
twenties - veterans and 
non- veterans. 

You can start school in any one of 
four quarters and begin specializing 
immediately. Engineering tehnicians 
graduate in 2 years with an .Associate 
in Applied Science degree. For a 
Bachelor of Science degree in Engi- 
neering, you attend 4 years. P. 3 -month 
preparatory course also is available. 

FREE CAREER BOOKLET! 
If you're intere :.ced in any 
phase of electron cs, radio or 
television, be Cure to look 
into the prograris of study 
offered by the :Milwaukee 
School of Engineering. Just 
mail the coupon. 

.. nimimmasaq 

MILWAUKEE SCHOOL 
OF ENGINEERINt' :, 
Dept. RE -760. 1025 N. Milwaukee , 
Milwaukee, Wisconsin 

Please send FREE Career Booklet I'm 
interested in Electrical Engineering; 

Electronics Computers 
Electrical Power Radic -TV 
Mechanical Engineering, 

PLEASE PRINT 

Name....__._- ,._...__._- _.._........_.._._ Al Is....._ 
Address__.__._..._...___.._..._ 

City.............._. ._........ _......_....Zone ....._.....Stat e.......__........... 

I'm eligible for veterans educatic n benefits. 
MS -123 

. J 
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JULY SPECIALS 
RGBA /U Coaxial Cable. Eit.,h sine's. 1. t -r wn1- 
contamiuuting type of Rl:S l'. S'1 ft. 
UG88 /U Connectors uurdrrn typt HNC rnuurrnu. 
(Reg. pail. $1.1911. .10e. 
Hubbell Polarized Plugs. lla led 211 A ot 23u V. 
Ilyder II1dr1,c1I l'¢ist -LurL .4. ( each Stork 
» It -1u7. 

Ceramic crystal sockets nne neeleru miniature l'II 
Eyre rlytals. I5r Stk. .1:-2415, 
Silver Plated Buss Strips for UHF wiring and 
plate connections. 41j' Length. Width: 9". In 
Pt.," Length .I5c. Snnd: r 11 -212 (u .ISc each. 
Ir; " 1.1 ngtb St uek c It -2I:: a .25c each. ,. 

TS -197/U Military Equivalent of Model 80 Sig. 
Generator. 2 in log 'Ales. in O hand,. .p:; :al.no, 
SP -600 Hammarlund Super-Pro. .51 r :.4 \1e,. ;u 
6 hank, lab eettilied 11.1<. Itcg. $1200,00, Special 

Just received new lot of transistorized power sup- 
plies. 11.1'. Ilitital VTV'M'. Atoilet 1lI . lt. New. 
Write t re detail-. 
Oil Capacitor Special. 2'A11a1 t 2,1tun V111' $2.11 
IItra, ket, .211( rn' a pair,. 
Westinghouse Glass - Enclosed Overload Relay. 
Adjusrhle leou, :511n 'Alas Gl rri 2 :A111 p,. Coil: 115 vm er nn l I'S. 'type Sr -I. 04.11,, each. 
Mobile Transmitter. :,nls 1 csral oscillator 
into l'I:S 5511i mup1i11rr. tlnderu de,ipu. Only 7 

lbs. net or., furl ueliug Lnilt -in n V. tihlanur rai 
supple. . ilìr,n rrifirn. Crimp. eurlosrll irr 
ulomiuunl r,rh'iltrr. I'nruishrrl rirx ,1aI that drill 
hie. urau 111 0lerrr, baud. Ran nirr : ,light R 
riiudiliratinu Orr Ill mama npratiou. 1'011,r1 it 
trilli,. $I ï. 4.1. 
Raised Relief Map 20' "r Is_ ". IBmutlful atria, 
in lileIiOe pli stir. Bruits ESA e r \\'e erlrl \tap Irr 
$9.9.5 each I read? Fn hallging ,rill ir:unr,Ii. 
Ling Model 2050 TV Xmtr (Ibttient,t raturl 421i io 

\ 'Agile Ian' details. 
Aero 9 Reed Freq. Meter. Range: 5$ to f12 r\. 
Ir111 -141r V. :\l' Itel. $,11.1111. 
Cramer 15 Second Adjustable Timer. Opel. nit 
7.5 \'.Si' ale cl'S. Supplied , -uilablr Sr'1ur Ern. 
117 VAI' use. SPIT rnniaet. Iu -Naps. 'ALnnnn in 

1 Din. hole, g...n.-,. 
Selen. Rectifier 130 V. RMS 300 Ma..50C It(159 i 

l'nas is! trlr .114E I.1. 
AI in;11111Iii ul' der' :,.1111. ,stir warerr 
nh ,rs rind, $riir 
II'ST II 71 Nlit\' SI'\I\IElt Crnn 1 lili_I:S 
Sllfa:'i' l'.\'1'.\LUIt. \WHl'rl: Full 11711: till' 
'1'111 r.\ 1" 

Walker 5 -7000 

Dept. RE-7 
C O R P O R 

J 
A T O N 

512 BROADWAY, NEW YORK 12, NEW YORK 

Please mention 

RADIO -ELECTRONICS 

when answering advertisements 

TAPE RECORDERS 
HI -FI COMPONENTS 
SLEEP LEARN KITS 

MERITAPE UNUSUAL 
Laar en,r. blab VALUES 
qua Gay Err ur Lints. FREE 

tape, in bey,. 1n cans. 1960 CATALOG 
DRESSNER,69.02RE 174 St., Flushing 65, N.Y 

GRIPS THE SCREW! 
DRIVES IT TOO! 

i1I']1'IIdt 
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2" to 14" blades, 
4 bit sizes. Avail- 
able with shock- 
proof plastic 
covered tubing. 

Ask For It 
At Your Dealer 

((OMAN CO., 233 S. 5th W., Salt Lake City, Ut. 

NEW BOOKS (Continued) 

diagnosis, electrotherapy and electro- 
surgery. Electronic readers will find 
the chapter on strip chart recorders 
and that on ultrasonics especially 
interesting. -FS 
CLASS -D CITIZENS BAND CALLBOOK, 
1960. International Crystal Mfg. Co., Inc., 
Oklahoma City, Okla. 9 x 11 in. $3.95. 

This register is for persons who oper- 
ate class -D, who intend getting their 
permit to do so or who merely like to 
eavesdrop on the band. It gives calls in 
every district, with names and ad- 
dresses, and includes a map, explanation 
of FCC rules, plus data on antennas, 
tuning and frequency measurement, etc. 

An application for a Citizens band 
permit and the complete Part 19 of the 
FCC rules form part of the callbook. 
They will help you get your name in 
the next callbook. -IQ 
PRINCIPLES OF TRANSISTOR CIRCUITS, 
by S. W. Amos. John F. Rider Publisher, 
Inc., 116 W. 14 St., New York 11, N. Y. 
51/2 x 81/2 in. 167 pp. $3.90. 

This book is an excellent introduction 
to the theory and practice of transistors 
and circuit design. It discusses such 
factors as gain, power, impedance, 
stability factor, etc., and practical ex- 
amples show how to determine them. 

The book is suited for students and 
technicians who know basic algebra. It 
derives the exact formulas for circuits 
and their approximate values as used in 
practice. Small -signal and class -B am- 
plifiers, radios and stabilizing networks 
receive special attention. Multivibra- 
tors, dc converters and the newer tran- 
sistor types are discussed briefly. 

INDUSTRIAL ELECTRONICS AND CON- 
TROL, by Royce Gerald Kloeffier (Second 
Edition). John Wiley & Sons, Inc., 91/4 x 

6 in. 540 pp. $10. 
A text for the advanced student, 

practicing engineer or technician inter- 
ested in industrial electronics. Expanded 
and updated, the book covers many 
aspects of the subject. It starts off with 
nine chapters on electronic fundamen- 
tals, including transistors, electrical 
conduction in gases, and amplifier and 
oscillator circuits. The remaining nine 
chapters illustrate the operation of 
several types of industrial devices- 
servomechanisms, high-f requency heat- 
ing, X -ray applications and computer 
principles. -LS 
SILICON RECTIFIER HANDBOOK, Sarkes- 
Tarzian, Inc., Semiconductor Div., Bloom- 
ington, Ind. 5'/4 x 81/2 in. 62 pp. $1. 

Here is the whole story of silicon 
rectifier's, from theory to practice. 
Manufacturing methods, test circuits 
and filter design are among the sub- 
jects. Charts, tables and formulas show 
how to get optimum results from recti- 
fiers and circuits. The book ends with a 
list of rectifiers and their character - 
istics.-IQ 
LOW FREQUENCY AMPLIFIER SYSTEMS, 
70 pp. $1.80. 
VIDEO AMPLIFIERS, 80 pp. $1.80. 
RF AMPLIFIERS, 96 pp. $2.40. Edited by 

A. Schure. John F. Rider, Publisher Inc., 
116 W. 14 St., New York 11, N.Y. 5t /2 x 
81/2 in. 

These 3 volumes cover the frequency 
ranges from of through rf to the higher 
video frequencies. Readers should be 
familiar with algebra and radio theory. 
The books discuss design equations and 
show how to use them. Most of the 
material is on tube circuits, but two of 
the books include short chapters on 
transistors. All three are suitable for 
students of electronic technology. 

TABULATION OF DATA ON RECEIVING 
TUBES. National Bureau of Standards 
Handbook 68. US Government Printing 
Office, Washington 25, D. C. 73/4 x 101/4 
in. 110 pp. $1. 

This handbook makes it easy to 
locate the receiving tube you need. It 
lists types with less than 25 watts plate 
dissipation that are suitable for use at 
frequencies below 1,000 mc. 

A numerical listing gives size and 
shape, use, manufacturer, as well as 
plate and filament ratings, g1r, capac- 
itance, etc. Also, tubes are listed under 
headings like double triode, pentode 
with triode, etc. Large, readable base 
diagrams appear at the end of the 
book. -IQ 
ABC'S OF HAM RADIO by Howard S. 
Pyle. Howard W. Sams & Co. Inc., 1720 
E. 38 St., Indianapolis, Ind. Bobbs -Merrill 
Co., 717 5th Ave., New York, N.Y. 51/2 x 
81/2 in. 112 pp. $1.50. 

From this book you can learn all you 
need to know to become a Novice oper- 
ator. It tells how to prepare for the 
exam and how to learn the code. Basic 
electricity, Q code, location of FCC 
offices are among the contents. 

RADIO AMATEUR LICENSING HAND- 
BOOK (Second Edition), by Jim Kitchin. 
Radiotelephone Directories of Canada 
Ltd., 119 W. Pender St., Vancouver 3, B. 

C., Canada. 5t/2 x 81/2 in. 107 pp. $2. 

This one is for Canadians. It explains 
licensing and operating rules in Canada 
and gives typical exam questions. The 
Q code, time -conversion charts and 
other useful data are included. Canada 
has no Novice class and its radio exams 
are partially oral. Therefore, radio 
theory is particularly important to 
prospective hams. This is not a theory 
book, so the reader should arrange to 
study techniques from another source. 
-IQ END 

"Joe's been on car radios too long T. 

RADIO -ELECTRONICS 
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ADVERTISING INDEX 
Radio -Electronics does not assume responsi- 
bility for any errors appearing in the index 
below. 
Aerovox Corp. 100 
Airex Radio Corp. 118 
Allied Radio 9 

Almo Radio Co. 115 
Amperex Electronic Corp. 
Arkay International Inc. 118 
Astatic Corp. 

- _ 
'2nd Cover 

Atlas Sound Corp. __... ._.. ._._.117 
Audion - 110 
Audio Unlimited, Inc. 111 

13 & K Mfg., Cu ...... 100. 101 
Barry Electronics Corp. 

- 
122 

I3onatìde Radio 111 
13ngen- Presto -. __. ... so 
Brooks Radio & TV Corp 113 
Niles Bryant School _. _. 

- 
11'1 

Capitol Radio Engineering Inst. - -.- 82,s:,' 
Carstun Studios 170:1i) 

Castle TV Tuner Service 7a 
Center Electronics Co., Inc 110 
Centrelab Div of Globe Union 22 
Chemical Electronic Engineering, Inc. -_ 71 
Cleveland Institute of Radio Engineering 11 
Cornell- Dnbilier Electric Corp. -. 79 
Coyne Electrical School -.. 117 
CREI- Atomic 112 

DeVry Technical Institute 
Dressner ...... ... 122 

Electro -Soni Labs. 112 
Electronic Chemical Corp. 110 
Electronic Instrument Co. 2:3, 24 
Electronic Measurement Corp. _. 74 
Electronic Publishing Co., Inc. __.117 
Electronics Representatives Association 

(ERA) _.. 14 

Gernsback Library 120 
Grantham School of Electronics 17 

Heald Engineering College 12:3 
Heath Company 64. 65, 66, 67 

Indiana Technical College 119 

Jerrold Electronics Cu. :3rd Cover 

Kedman Co. -. 122 
Key Electronics Co. 110 

Lafayette Radio 124 

Mercury Elect run ics 16 
Moss Electronic Inc. .90, 91 

National Radio Inst. 3 
National Technical Schools 5 

Ohmatsu Electric Co. Ltd. 123 
Olson Radio Cara. - -. .. 115 
Opportunity Adlets 111 

PACO Electronics 12 
Pickering & Co., Inc. 114 
Picture 'rube Outlet _ 111 
Progressive "Edu- Kit. ". Inc. 105 

Quern-Nichols Company 18 
Quietrolc Co., Inc. 112 

RCA 'rube Div. Back Cover 
RCA Institutes 

- 
_20, 21 

Radio Shack (' ",ci'. 114 
Rider Inc. ',John F.I 119 
Rinehart & Co., Inc _.. 96 

Sams (Howard W.I & Co.. Inc. 106, 107 
Schober Organ Cu. 87 
Scott, I H. H. f, Inc 
Seg Electronics 101 
Sencore 70, 71, 72, 7:3 
Shure Bros. Inc 97 
Sonntune Corn. 10:3 
Sprague Products Co. _ - _.. 1:3 Slrrayberry Academy of Radio TV 19 
Standard Coil Products Co., Inc. 15 
Sylvania Electric Products, Inc. 10 

TAB 116 
Sarkes Tarrian, Inc. 108, 114 

Vanguard 1111 
Vidaire 72 

Warren Distr. Co. -- _ 110 

SCHOOL DIRECTORY PAGE 121 
Baltimore Technical Institute 
Indiana Technical College 
International Correspondence School 
Milwaukee School of Engineering 
Phila. Wireless Technical Institute 
Philcn n'echnological Center 
Tri -State College 
Valparaiso Technical Institute 
ADVERTISING REPRESENTATIVES: Los Angeles: llarket- lln.t,ll- e'nnchlin, tan: South Nett' IIait P.hlrc, Tel. 
1)1'11kirk 7-2::2s. Ru . San Francisco: ll:n9cer- sted(' - nngh- 
lin, -I-)) ]Iaikl't St., 'l'c1. (:Arliehl 1 -2181. Chicago: 8631 
East Prairie Itl,:i,l. Skokie, Ill., Tel. (lltcl,ard ::-::4-10. 
FOREIGN AGENTS: Great Britain: Allan Publishing and Distributing Co.. Ltd.. Is Midi, 1,:t.'. London L'.C. 4. Printed in the United States of America 
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LAG -55 AUDIO GENERATOR 
SINE SQUARE 

A multi- purpose generator for 
measurements on audio equipment 
-amplifiers, speakers, networks. 
Three waveforms : sine, square and 
complex for all types of measure- 
ments including response, distor- 
tion, transient and I -M distortion 
checks. Full range is from 20 
to 200,000 cps, output 5 volts 
with minimum amplitude variation 
throughout whole range. 

Ñ 

The LEADER test instruments are being used in the more than 36 countries, 

attesting their excellence in design, performance and usefulness. 

OHMATSU ELECTRIC CO. LTD. 
2596, 5 CHOME, KAMIMEGURO, MEGURO-KU. TOKYO. JAP.A 

Cable Address " OHM ATSUELEC " TOKYO 

At%:1 'ENETIG 
Service Technicians' Associations 

Club Members 

Student Groups 

Special subscription rates to RADIO- ELECTRONICS are available to associations, 

clubs, schools, employee groJps, etc. For information write-. G. Aliquo 

Radio- Electronics 154 West 14th St., New York 11, N. Y 

ELECTRONICS 

U.S. Air Force Photo 

Engineering-Technicians 

Missile headed for outer 
space. Cour- 
tesy of Space 
Technology 
Laboratories. 
Inc. 

HEALD'S 
ENGINEERING COLLEGE 

Established 1863 

Van Ness at Post, RE 

San Francisco, Calif. 

Bachelor of Science Degree, 30 Months 
Save Two Years' Time 

Radio -Television Plus Color Technician (12 Months 
Electronics Technician (12 Months) 
Industrial Electronics Technician (12 Months) 
Electronics Engineering (B.S. Degree) 
Electrical Engineering (B.S. Degree) 
Mechanical Engineering (B.S. Degree) 
Civil Engineering (B.S. Degree) 
Architecture (B.S. Degree) 

Heald College ranks FIRST West of the 
Mississippi in "Who's Who in America' 

Approved for Veterans 
DAY AND EVENING CLASSES 

Write for Catalog and Registration Applieaflol'. 
New Term Starting Soon. 

Your Name 

Address 

City 

State 
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LAFAYETTE HE-15 CITIZENS BAND 11 METER 

2 -WAY SUPERHETERODYNE TRA 

the h the Hone Ship to Shore 

5 CRYSTAL CONTROLLED TRAI SMIT -ING POSTIONS 
SUPERHETE RODYNE TUNEABLE RECEIVER OVER FULL 
22 CHANNEL BAND 
4 DUAL FUNCTION TUBES, PLUS 2 S NGLE FUNCTION 
TUBES FUJS 2 RECTIFIERS FOR 12 -UBE 
PERFOR2MANCE 
PLANETA2T VERNIER TUNING 
COMPLETE WITH TRANSMITTING CRYSTAL FOR 
27.065MC 
MEETS ALL FCC REGULATIONS 
REMOVAELE FRONT PLATE FOR EASY ACCESSBILITY 
OF CRYSTALS 
UNEXCELLED RECEPTION ON LAND AND SEA... 
COMPARES WITH UNITS COSTING 3 TIMES AS MUCH 

NEW! LAFAYETTE TELESCOPIC 

CITIZENS BAND WHIP ANTENNA 

Chrome Plated 
Telescopes From 161/z" to 40" 
Mounts Vertically or Right Angle 

3.95 
An outstamdïng antenna value. This high gcality three 
section telescoping antenna is designed for attachment 
directly to your citizens band transceiver. Ideal for point 
to point service over short distances. Molded base load- 
ing coil has a threaded stud with a PL -259 plug- connector 
for vertical or right angle mounting. Shpg. wt.; 1 Ib. 
HE -19 Net 3.95 

COMPLETELY WIRED 

NOTA KIT! 

64.50 

Microphone 
Holder 

Removable 
front Plate for 

Easy Crystal 
Accessibility 

Automatic 
Noise Limiter 

Switch 

Coax Ant nna 
Connector 

5 Pool ion 
Crystal Selector 

High Output 
Crystal Microphone 

3 
Switch 

Planetary with 2 Position 

function S 

tioni Toler Tuning ;rile Sw tch 

ONLY 5.00 DOWN 

Not Superregenerative but SUPERHETZ 
Tte Lafayette HE -15 meets all FCC requirements and operates in much the same 
mfn-ler as police and other short wave communications systems. The Transceiver 
feettres 5 crystal controlled transmitting channels operating at a maximum legal 
power input of 5 watts fully modulated. RF stage in both transmitter and receiver. 
Ar y one of 5 transmitting frequencies may be Instantly selected by the 5 position 
cris al selector on the front panel. These 5 crystals are readily accessible by means 
of a removable front plate and this may be easily interchanged with any 5 crystals 
of ttw,remaining 22 allocated citizens band frequencies. 
Tt e Superheterodyne receiver is tuneable over the full 22 channel band with 3 watts 
aidi3 output. Controls include a 3 position function switch (transmit, receive, and 
tra m mit with spring return), planetary vernier tuning plus squelch noise limiter 
ccnt-ol switch. All coils are ferrite tuned. Output impedance matches 52 and 72 ohm 
ar-te-ma with Amphenol type coax connector for operating into dipole. ground plane 
or rcd antenna. Has large 4" PM speaker; input jack for crystal or ceramic micro - 
ptore; power receptacle in rear for AC line and 6 or 12 volt external power supply. 
Transceiver is supplied with single transmitting crystal for channel 9. Complete high 
oLtp.ot with crystal microphone, and brackets for easy mounting of unit in auto, 
bcat etc. Operated on 115 volts AC. Addition of 6 or 12 volt power supply (separately 
swap lied) adapts transceiver for mobile operation. Size 5V2 "H x 6Wá "D. Shpg wt., 11 lbs. 
HE -!S Factory Wired and Tested (Less antenna). 5.00 Down Net 64.50 
HE -179 Whip Antenna Net 3.95 
HE -16 Power Supply For 12 Volts Net 11.95 
HE -1'8 Power Supply For 6 Volts Net 11.95 

NEW! LAFAYETTE "Tiny" 
19.951 6 Transistor Radio 

SENSATIONAL PERFORMANCE 
in a SmaN Package! 

6 Transistor Plus a Germanium Diode 
Superheterodyne Circuit Vest Pocket Size 
Built In Earphone lack For Private Listening 
TroubleFree Printed Circuit 

Engineered and constructed with the jewel 
like precision of a fine watch ... true super - 
het circuit, with push -pull audio output 
powers either time built -in dynamic speaker 
cr the personal-type earphone. Extremely 
sensitive ... built in ferrite - rod antenna 
brings in distant stations like locals. Employs 
standard 9 volt battery for economical serv- 
ice. Housed in smart black and gold rugged 
plastic case. Measures only 4" x 21l2" x 11/4" 
and weighs a mere 10 ounces. Complete with 
battery, carrying case and earphone. 
Shpg. wt., 2 lbs. 
F5 -209 "Tiny" 6- Transistor Radio....Net 19.95 

124 

NEW! LAFAYETTE 
RADIO FIELD INDICATOR 

A Must For Ham & Citizens Band Operators 

Provides a Continuous Indication of Trans- 
mitter Output Rugged 200 ua Meter Move- 
ment Completely Portable - Requires no 
Electricity, Batteries or Transmitter Connection. 
With this rugged, new radio field indicator 
you can check performance of your marine. 
mobile or fixed transmitter ... actually meas- 
ures the RF field generated by any transmitter 
between 100KC and 250MC regardless of power. 
Features a 200 ua meter movement with a var- 
iable sensitivity control: Phone jack at rear of 
indicator accepts earphones thus providing an 
aural check of transmitter output. Antenna ex- 
tends from 31/4" to 103/4". Powerful magnet on 
bottom plate allows easy mounting on car 
dashboard or metal surfaces. Use anywhere... 
requires no electricity or batteries. Dimensions: 
(less antenna) 3Ve"W x 21/4"H x 2" D. 
TM -14 Net 7.95 

III aaae nee - - en nee - me am me nn am ......... 

7.95 

PLEASE RUSH ITEMS CHECKED! 
HE -15 CITIZENS BAND TRANSCEIVER TM -14 RADIO FIELD INDICATOR 

FS -206 "TINY" 6 TRANSISTOR RADIO NE -19 WHIP ANTENNA 

El FREE 308 PAGE CATALOG 600 

Enclosed Find S (Please include postage to cover shipping) 

Everything in HiFi 
and Electronics 

FREE 308 Giant Size Pages! 

Name 

Address 

City Zone State 

LAFAYETTE RADIO, 

P.O. BOX 222, JAMAICA 33, N.Y. Dept. JG-6 
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The 
Lid's 
Ofd! 

Eri MEE/ r-rn:iïG .._.._..... ___ r-- 

LIE1111010 magic - 

- 

carp et* ante 
THE FLAT, FLEXIBLE PRINTS 

JER 10 LB announces the all 
printed circuit antenna ...the first 

new concept in TV -FM reception in 10 years. ! 

9.95 
LIST 

Indoor Antenna -Outdoor Design ! Jerrold's new Magic Carpet* is a flat, 
flexible all printed circuit antenna based on a broad -banded dipole design. Installed indoors in 
attic, crawl space, closet or any upper level location in the home, it offers performance corn 3ar- 
able to a conical type outdoor antenna (mounted in the same location) ** at a fraction of the cost. 

A report on the Magic Carpet in the May issue of Electronics World states "Gain characteri tics 
across all frequencies are very close to those of standard outdoor conicals." No more need for 
unsightly rooftop or indoor antenna (up to 30 miles from the TV transmitter). The Mägic 
Carpet opens up a whole new antenna market for the TV and FM Serviceman. 

Get the full story of the magic of its performance ... the potency 
of its sales appeal, see your Jerrold Distributor or write today 

JERROLD Electronics Corporation, Distributer Sales Division, Dept. IDS -34, Philadelphia 32, Pa. 

Jerrold Electronics (Canada) Ltd., Toronto Export Representative: CBS International, New York 22, N. Y. 

4, 
(illus. shows upper section of Magic Carpet) 'Trade Mark Patent Pending * *Data certified by American Electronic Laboratories Inc. 
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How do your 

customers rate you? 

Your reputation is based largely on what happens after you leave the scene 
of each service call. For this reason the name on the tubes you install makes 
a world of difference. RCA tubes are designed and manufactured to assure 
customer confidence in you as well as in RCA. 

RCA tube quality is your best insurance against call -backs due to 
premature tube failure. 
RCA tube performance puts your workmanship in the best light and 
protects it through rigid quality control. 
RCA's trademark symbolizes a name and reputation customers have re- 
spected for decades. 

Your customers know that those red -white- and -black RCA tube cartons in 
your tube caddy represent the most trusted name in electronics. Remember, 
customer confidence is the cornerstone of your business. 
To protect your service reputation before, during and after every service 
call, make sure your next tube order specifies ... RCA TUBES. 

RCA ELECTRON TUBE DIVISION, HARRISON, N. J. 

SIGN OF A SERVICE JOB WELL DONE 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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