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 Model T ... "The Crest" N 

;$32 5 0 aqua!?; 
Compact, rugged 3 -speed unit 
with automatic start and 
stop; balance -mounted 
tonearm; 4 -pole motor 
and other basic rec- 
ord- playing fea- 
tures of famed 
RC80 changer. 

Model RC80. "The Triumph" \ 

'495 ° 495 ckange r 
Experts choice, and your best 

buy in fully automatic 3 -speed 
record changers. Gentle, preci- 

sion pusher platform; inter- 
changeable removable 

spindles; rumble -free 
4 -pole motor and 

many exclusive 
Garrard 

features. 

Model 301 ..."The Professional" \ 

$89 00 tea-able?) 
Performance certified! Each transcription 
unit with its own written inspection 
report. All 3 speeds variable; special 
4 -pole motor with exclusive 
floating, rumble -free, dynamically 
balanced turntable. 

All prices net, 
less cartridge. 

Suit your preference and your pocket 

With a GARMRD 
A quality- endorsed product of the British Industries Group: Garrard, Leak, Wharfedale, RJ, 

Genalex, Multicore components. Write today for 16 -page illustrated booklet, "Sound Crafts- 
manship" to: British Industries Corporation, Dept. PE9, 164 Duane St., New York 13, N. Y. 



I WILL TRAIN YOU AT HOME 
FOR GOOD PAY JOBS IN 

ADIOTELEVISION 
1. E. SMITH has trained more men for RodiaTelco,snan 

than any other man. OUR 40th YEAR. 

America's Fast Growing Industry Offers 
You Good Pay-Bright Future - Securi 

I TRAINED 
THESE MEN 

I art cc t. repair :.eh : :ix 
months a ter enrol hg. 
Earned 51[ to $15 s week 
n spare time. " -Aden 

Kramlik, Jr., Sunneybt.n, 
Pennsyi. aria. 

"Up _u our necks in F adio- 
Teles ision work. Fr another 

. NRI men work hire Am 
happe with my w,r<. "- 
Glen Peterson, Bracford. 
Ont.,. Canada. 

"Am doing Radio and 
Televisim Servicirg fill 
time. Now have my own, 

I owe my success to su 
Curtis Stath, Ft. 

Madison, Iowa. 

"Am with WCOC. NRI 
course can't be best. N 
trouble passing 1st classe 

Radio -phone license ezam.'t 
-Jesse W. Parker. Sieri. 
dian, Mississippi. 

B the time I graduated I ` had paid for my course, a 
A...a_ car and testing equipment. 

Can service toughest jobs." -E. J. Strnitenberger, New 
Boston, Oho. 

AVAILABLE TO 

VETERANS 
UNDER G.I BILLS 

Training plus opportunity is the 
PERFECT COMBINATION for 
job security, good pay, advance- 
ment. In good times, the trained 
mat makes the BETTER PAY, 
(.LETS PROMOTED. When jobs 
are 'aree, the trained man enjoys 
(IREATER SECURITY. NRI 
training can help ;assure you more 
of the better things of life. 

Start Soon to Make $10, $15 

a Week Extra Fixing Sets 
Keep your job while training. I 
start sending you special booklets 
the (lay you enroll, that show you 
how to fix sets. Mnititester built 
with parts I send helps you make 
$10, $15 a week extra fixing sets 
while training. Many start their 
own Radio -Television business with 
spare time earnings. 

My Training Is Up -To -Date 
You benefit by my In years' experi- 
ence training men at home. Weil 
illustrated lessons give von basic 
principles you need. Skillfully de- 
veloped kits of parts I send (see 
below) "bring to life" things you 
learn from lessons. 

You Learn by Practicin 
with Parts I Sen 
Nothing takee the place of PRACTICAL EXPERIENCE. 
That's why NRI training is based on LEARNING BY 
DOING. Yea use parts I furnish to build many circuits 
common to Radio and Television. As part of my Communi- 
cations Course, you build many circuits. including low power 
transmitter shown at left. You put it "on the air," perform 
procedures required of broadcast operators. With my Serv- 

icing Course you build 
modern Radio, etc.; use Mul- 
titester you build to make 
money fixing sets in spare 

time while training. You 
can stay at home, keep your 
job, learn Radio -TV in 
spare time at low cost. Mail 
coupon for book showing 
other equipment you build 
and keep. 

Television Making Goad Jobs, Prosperity -Even without Tele- 
vision, Radio is bigger than ever. 11f million home and auto Radios 
are big market for servicig. 3000 broadcasting stations use operators, 
technicians. Government, Aviation, Police, Ship. Micro -wave Relay, 
Two=way Radio Communications fou buses, tail-. trucks, R. R. are 
growing fields. Television is moving ahead 1a-t. 

Abou: 200 Television stations are now 
on the air. Hundreds of others being 
built. Good TV jobs opening up for 
Technicians, Operators, etc. 

S5 million homes now have Television 
sees. Thousands. more are Bing sold 
every week. Get a job or have your own 
ht. iness selling, installing, servicing. 

Radio -TV Needs Men of Action -Mail Coupon 
\Without obligating ytiu in :uty 't'SV, l'll sand all actual L >m to prove that my training is prditMill, thorough; 
GI -1 :igo bunk to sht is. good job opportunities for you in 
Rai i -l'V. Terms fo N If I training are as low as $5 a 
up n n t h. Marls' grad .ant.'s make na t e'in two wicks than total 
cost of traitiiur. slail coupon u nv. J. E. SMITH, Presi- 
rb'tir, N :Iti.nuil Radio Institut.. Dept. 5JD4, AVashington 
t, Ill'. 111.1i PITH YEAH. 

The Tested Way 

To Better Pay! r 
POPULAR ELECTRONICS is published monthly by Ziff -Davis Publishing Company, william B. Ziff, Chair. an of the Board t1946. 195;0. ni r,-; i -.. I.ak, SI., Chicago 1. Ill. Entered as second class nmtter August 27. 1954 at the Post nuise. Chicago. Illinois. SUBSCRIPTION RATES: One year U.S. and possessions, and Canada $3.0O; Pan -American Uniurn Countries 93.5(¡ all other foreign countries $4.0U. 

MF. J. E. SMITH, President, Dept. 5154, 
Na lanai Radio Institute, Washington 9, D. C, 

Mail me Sample Lesson and 64 -page Book, FREE. 
(Na salesman will call. Please write plainly.) tx *Be a 

Name Age 1 ̀  
C; , ̂10- 

Addreas 

City Zone Stare 

VETS `rit. 
in dal. 

of disahare. 
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i Train for Better 
Jobs in 

GREAT OPPORTUNITY FIELDS 
Conditions are changing. Many "one operation" jobs that 
have paid well will not last. Don't be satisfied with a "no future" 
job. Whether 17 or up to 45 years of age, train the Coyne 
way for a better job and a real future in ELECTRICITY or 
TELEVISION- RADIO, fields thatoffer a world of opportunities. 

YOU can TRAIN in great CHICAGO SHOPS 
Train on real, full -size equipment at COYNE where 
thousands of successful men have trained for over 56 years 
-largest, oldest, best equipped school of Its kind -established 
in 1899. No advanced education or previous experience 
needed. TRAINING APPROVED FOR VETERANS. 

B. W. COOKE, President FOUNDED 1899 

A TECHNICAL TRADE INSTITUTE OPERATED NOT FOR PROFIT 
500 S. PAULINA STREET. CHICAGO. Dept. 63 -71H - 

ELECTRICITY * RADIO * TELEVISION * REFRIGERATION * ELECTRONICS 

COYNE offers 
LOW COST 

TELEVISI°N T off S ' ELECTRONICS ` C R 
Training in RADIO 

-. 
Time AT HOME 

The future is YOURS in TV -RADIO ! 

A fabulous field -good pay- fascinating work - 
a prosperous future! Good jobs, or independence 
in your own business! 

Coyne brings you the first truly lower cost, MODERN-QUALITY Televi- 
sion Home Training; training designed to meet Coyne standards. Not an 
old Radio Course with Television "tacked on ". Here is MODERN TELE- 
VISION TRAINING including working knowledge of Radio. Includes 
UHF and COLOR TV. No Radio background or previous experience needed. 
Personal guidance by Coyne Staff. Practical Job 
Guides to show you how to do actual servicing B. W. COOKE, Presided 
jobs -make money early in course.With Coyne 
Television Home Training you pay only for 
your training, no costly "pet together kits ". 

START NOW- PAY LATER- Finance Plan 
and Easy Monthly Payment Plan. Also part - 
time employment help for students. 

Get FREE Book 
Send coupon for 48 page 
illustrated book "Guide to 
Careers in Electricity and Tele- 
vision- Radio." No cost; no 
obligation; no salesman will 
call. Get vital facts now ! 

B. W. COOKE, President 
COYNE ELECTRICAL SCHOOL 
500 S. Paulina St., Chicago 12, I11., Dept 65-11H 

Send BIG FREE book and details of your 
training offer. This does not obligate me and 
no salesman will call. I am interested in: 

Electricity Television -Radio 

Name 

Address 

City State 

500 S. Pauline St., Dept. 65 -HT7 
A TECHNICAL TRADE INSTITUTE OPER- 

ATED NOT FOR PROFIT 

September, 1955 

Conne -the Institution behinathis 
training ... the largest, otdest,best 
equipped residential school of its 
kind. Established 1899. 

A 
SEND COUPON FOR FREE 
BOOK 
and full details, 
including easy 
Payment Plan. Ea,e,oN 
No obligation, no . " "` 
salesman will call. % 

1i'ÿ;ß' 
rCOYNE ELECTRICAL SCHOOL pOV~ "pOL 

Television Home Training Div. 
500 S. Paulina St., Chicago 12, Ill., 
Dept. 65 -HT7 
Send Free Book and details on Television 
Home Training. This does not obligate me and 
no salesman will call. 

Name 

Address 

City State 
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Build the instruments 
the professionals specify... 
BUILD EICO KITS -SAVE SO% 

Vacuum Tube 
Voltmeter 

KIT $25.95 
Wired $39.95 

EICO VTIMs 
in tue in abs 
of S,ronbag- 

Carson 
Rochester, P-.Y. 

EICO test instrument kits are 
complete and professional from 
circuitry to front panel -are 
utilized by TV leaders like 
Stromberg- Carlson, CBS -Col- 
umbia, Emerson, etc., leading 
electronic schools and univer- 
sities, and over 60,000 radio - 
electronic servicemen coast to 
coast. 

Exclusive "Beginner - Tested" 
step -by -step instructions make 
it easy, educational and en- 

joyable to build EICO Kits. 
Only basic tools, no electronics 
knowledge required. You build 
'em in one evening -they last 
a lifetime. Exclusive 5 -way 
Guarantee on instructions, 
components, performance, life- 
time service and calibration. 
No wonder there are over t /2- 
million in use the world over! 

42 models to choose from. 
There is an EICO Distributor 
in your neighborhood. Write 
for his address & FREE 
CATALOG PE -9. 

Prices 5% higher 
on West Coast 

5" Fush Pull 
Osc' ]Iostope 
Kir $44.95 

Wired $79.95 

6V & 12V Battery 
Eliminator &Charger 

KIT $29.95 
Wired $38.95 

© 55 

L¿E /CO 
1,000 Ohms/Volt 

M altimeter 
KIT $12.90 

Wired $1.4.90 

84 V5ithers Street 
Brooklyn I1, N. Y. 
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ITEMS OF INTEREST 

Device Signals Bath Is Ready 42 

Britain's First Commercial TV 42 

TV Sets Use 119 Tube Types 90 

Recorded Course in Audio 90 

NEW PRODUCTS 

Kit Builds "Bubble" Lamp 42 

Mounting Post Aids Wiring 42 
"Gun" Tunes TV Set 90 

Novel Portable Radio 90 

Pocket -Size Wire Recorder 97 

Low -Cost Battery Tester 97 

8 -Pole Magnetic Hi -Fi Pickup 97 

COMING NEXT MONTH 

POPULAR ELECTRONICS 

Your Career in Electronics (Part 2) 
A discussion of resident schools that tedch 
electronics, TV, and radio -advantages of 
attending these schools; correspondence 
schools will be featured in November. 

Electronic Sterilizer 
Make your wife happy with this ultraviolet 
sterilizer in the clothes hamper. 

Quality Tone Arms and Turntables 
What to look for and how to buy the "best" 
in hi -fi equipment. 

Extra Jobs for the VOM 
Improving the range and versatility of a 
VOM to measure capacitance, millivolts, 
output watts, and r.f. energy. 

Transistorized R/C Field Strength Meter 
This inexpensive unit utilizes a CK -722 tran- 
sistor to increase sensitivity. 

Build a "Decision Meter" 
The "simplest" form of electronic computer; 
will provide either "yes" or "no" answer to 
perplexing problems. 

High -Fidelity Audio Kits Radio Control 

Short -Wave Listening What's New 

How It Works How to Make It How to 

Use It Carl & Jerry Tips & Techniques 

IN THIS MONTH'S 

RADIO & TELEVISION NEWS 
(September) 

How to Improve Your Hi -Fi Amplifier 

Tape Recording 

Modern FM Carrier- Current Transmitter 

Emergency Portable Broadcast Receiver 

Hi -Fi Amplifier Instability 

A Tape Deck for the Home Music System 

POPULAR ELECTRONICS 



L. C. tone, IS., M.A. 
President, Radio- Television 
Training Association. 
Executive Director, Pierce 
School of Rodio & Television. VETERANS --NON- VETERANS 

Do You Want a BETTER 
JOB with MORE MONEY? 
1 will train you AT HOME in your SPARE TIME 
for a top -pay lifetime job in TELEVISION 

The world's leading manufacturers, dealers and 
service organizations employ men I trained. Even 
if you've never had any experience in the Televi- 
sion- Radio -Electronics field, you'll recognize most 

LEARN BY DOING 

of the names of just a few of the firms where RTTA- 
trained men are holding down good jobs with a 
secure future - 

As part of your training I give you 
the equipment you need to set up 

your own home laboratory and prepare for a BETTER -PAY TV JOB. 
You build and keep a professional TV RECEIVER complete with big 
picture tube (designed and engineered to take any size up to 21 -inch) 
... also a Super -Het Radio Receiver, AF -RF Signal Generator, Com- 
bination Voltmeter- Ammeter -Ohmmeter, C -W Telephone Transmitter, 
Public Address System, AC -DC Power supply. Everything supplied, 
including all tubes. ew TeIrchene Iramm r er 

RCA SYLVANIA WESTINGHOUSE 
BOEING GENERAL ELECTRIC LEWYT 
EMERSON DOUGLAS AIRCRAFT 
CAPEHART - FARNSWORTH PHILCO 
CANADAIR, LTD. WESTERN ELECTRIC 
OAK RIDGE NATIONAL LABORATORY 
AMERICAN AIRLINES COLUMBIA 
BELL TELEPHONE ADMIRAL DUMONT 
REDIFFUSION, INC, BELL AIRCRAFT 
RAYTHEON CONVAIR 

Ar RF Srgnal Genrrarn, f 
STUDY NEWEST DEVELOPMENTS 

nal,an vallm.rrr. 

Dubbi Aaerer, 

My training covers all the latest developments in the fast -growing 
Television- Radio -Electronics industry. You learn about FM - RADAR - COLOR TV - TRANSISTORS - PRINTED CIRCUITS, etc. 

CHOOSE FROM THREE COMPLETE COURSES 
covering oll phases of Rodio, FM and TV 

1. Radio, FM and Television Technician Course - no previous experience needed. 
2. FM -TV Technician Course - previous training or experience in rodio required. 
3. TV Cameraman and Studio Technician Course - advanced training for men 

with Radio or TV training or experience. 

EXTRA TRAINING IN NEW YORK CITY AT NO EXTRA COST! 

I can do for you what I did for my hundreds of 
successful graduates. Many of the men I trained are 
now their own bosses -making a wonderful living 
in their own growing business. 

You, too, can win a place in the booming Television - 
Radio- Electronics industry ... earn big money as a 
trained TV Technician ... with my famous "Learn 
by Doing" home study method. 

FREE! 
I'll send you my new 
40 -poge book, "How to 
Make Money in Televi- 
sion -Rodio- Electronics," 
a Free sample lesson, 
and other literature 
showing how and 
where you can get o 
top -pay lob in Televi- 
sion. 

My 

elevi- 

My School fully ap 
Proved to train Veter 
ans under new Korean 
G I. Bill, Don't lose 
your school benefits by 
walting too long. Write 
discharge date on 
coupon 

After you finish your home study training in Course 1 or 2 you can have 
two weeks, 50 hours, of intensive Lab work on modern electronic equipmen 
at our associate resident school, Pierce School of Radio & Television. THIS 
EXTRA TRAINING IS YOURS AT NO EXTRA COST WHATSOEVER! 

FREE FCC COACHING COURSE 

Important for BETTER PAY JOBS 

requiring FCC License! You get this 

training AT NO EXTRA COST! Top 

TV jobs go to FCC-licensed 
technicians. 

R 

EARN WHILE YOU LEARN 
Almost from the very start of your course you can 
earn extra money by repairing sets for friends 
and neighbors. Many of my students earn up to 
525 a week . . pay for their entire training with 
spare time earnings ... start their own profitable 
service business. 

ale. ©duv-io i,o-n lanai/Kim A yAtí a.t.íolt, 
52 EAST 19th STREET NEW YORK 3, N. Y. 

Licensed by the State of New York Approved for Veteran Training 

September, 1955 

MI NM M - - 
Leonard C lone, Presidenr 

RADIO- TELEVISION TRAINING ASSOCIATION 

Dept. E -9C, 52 East 19th Street, New York 3, N. Y. 

Deer Mr Lone. Coil me your KEW FREE BOON, FREE SIMPLE 

ILESSON, and FREE aids that w,ll shoe me now I ,an make RIO 

MONET IN TELEVISION I u,,derslond I a under no obl,yallon and 

no salesman will loll 

IRO 

I 
Name 

Adores, 

(PLEASE PRINT PLAINL VI 

Age 

Ci.v 

I AM INTERESTED IN: 

Radie-FMTV Te,hm,ion Course 

0 FMTV Teshm,lon Course 

TV (omeramon B Nebo 
1e,hn,,,on (ourse r 1, =I I= 

VETERANS! 
Write discharge date 

1110 f f 
NO SALESMAN WILL CALL! 
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Guardian Series 200 

wit 

Interchangeable Coils 
and 

A ' I 

CONTACT 
SWITCH 

ASSEMBLY 

Lets You Put Together Your 

Own Relay Quick and Easy! 
All you do is match the required value in 
the coil assembly with the desired com- 
bination of the contact switch assembly 
and you have a complete Guardian top - 
quality Relay that will fulfill your control 
requirements. 

COILS CONTACTS 
A.C. D.C. STANDARD MIDGET 

6 V. 6 V. 
12 V. 12 V. 
24 V. 24 V. 

115 V. 32 V. 
230 V. 110 V. 

5000 ohm plate coil 

SPDT 8 amps. SPDT 
DPDT 8 amps. DPDT 
DPDT 121/2 amps. 4PDT 
4PDT 8 amps. 

ettiifeP -build your own switch 
with the Guardian Series 200 Standard 
and Midget Kits. 

See It At Your Distributor's Showroom 

A complete line of Guardian Relays and Solenoids 
available at your local parts distributor. If he does 
not have them in stock, write Dept. "J" for name 
and address of the nearest Guardian Distributor. 

GUARDIANtW ELECTRIC 
1621 WEST WALNUT STREET CHICAGO 12, ILLINOIS, U. S. A. 
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Amplifier for Insect Sounds 
I have heard that there is an amplifier so 

powerful that it enables you to hear the heartbeat 
of an ant or an insect walking across a micro- 
phone, and other insect noises that the human 
ear cannot detect. Could you print a diagram on 
how to build this device? 

RAYMOND A. J. PASKEVITZ 
Pittsburgh, Pa. 

There is a commercially produced unit which 
is used for detecting insects in the manner you de- 
scribe. An article describing this device appeared 
in the July issue of POPULAR ELECTRONICS. An 
article containing construction details on a similar 
unit appeared in the December, 1954, issue of 
RADIO & TELEVISION NEWS, a copy of which may 
be obtained by sending 40 cents to the Ziff -Davis 
Publishing Company, Circulation Department, 64 
E. Lake St., Chicago 1, 111. 

Headphone Connection 
On page 58 of the May issue, there is an ar- 

ticle on headphones which interests me. I use 
headphones connected to the speaker wires from 
an a.c. tuner. The speaker is in a separate housing, 
disconnected. Is this risky ? 

WILLIAM SMITH 
Northport, L. I., N. Y. 

It shouldn't be. 

Life of LP Records 
How many times can a 3314- or 45 -rpm record 

be played on excellent equipment? Can too much 
playing time be put on a record? I was wondering 
if the grooves on LP's were made too fine and 
small for long -lasting performance. 

EUGENE OLSON 
Shabbona, Ill. 

Using a diamond stylus, a precisely weighted 
arm, a balanced turntable and much care in han- 
dling records, an LP disc should provide 500 to 
700 plays of top performance. 

Theremin: Comment and Query 
As a very recent newcomer to the radio field, I 

want to say that I enjoy your magazine immense- 
ly. You may be interested to learn that at the 
University of Nebraska's "Engineering Week," I 
saw and listened to a model of the Theremin 
which was constructed from the diagrams pub- 
lished in your April issue. 

R. G. BROCKMAN 
Lincoln, Nebr. 

Can the Theremin (April issue, 1955) be fed 
into an a.c. -d.c. amplifier? I have one with phono 
and mike connections, and want to know if I can 
use the mike input without damaging either the 
Theremin or the amplifier. I know that an a.c. -d.c. 
tuner should not be fed into an a.c. amplifier 

POPULAR ELECTRONICS 
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2AVLnTa' o 24 
If you believe that you have an invention, you should find out how 

to protect it. The first step is to have a search made of the prior 
pertinent U. S. patents. If a report on this search indicates that 
the invention appears patentable you can apply for a patent, and 

the specifications and claims should be prepared. 

The firm of McMorrow, Berman & Davidson, with offices in Wash- 

ington, D. C., is qualified to take the necessary steps for you. We can 
make a preliminary search on your invention, advise you whether we 

think it can be patented, and prepare your application for patent. 

Unless you are fully familiar with the U. S. Patent Laws, we recom- 

mend that you engage the services of a Registered Patent Attorney 
to protect your interests. The patent laws are your laws. A patent 
gives you the right to prevent others from making, using or selling 

the invention claimed in your patent for a period of 17 years. 

Use these patent laws for your protection. Investigate whether your 
invention can be patented. If you have what you believe to be an in- 

vention, we suggest that you have this firm make a search for you. 

f Send for a copy of our Patent Booklet entitled 
"How To Protect Your Invention," containing in- 
formation about patent protection and patent 
procedure. Along with this we will also send you 
an "Invention Record" form, for your use in 
writing down and sketching details of your in- 
vention. We will mail them promptly. No obli- 

% gation. They are yours for the asking. 

McMORROW, BERMAN & DAVIDSON 
Registered Patent Attorneys 

PATENTS COPYRIGHTS PATENTS 

349 -C VICTOR BUILDING, WASHINGTON 1, D. C. 

September, 1955 9 



 

LONG- PLAYING 33'% R.P.M. HIGH-FIDELITY 

1Oiw1sn?1üIEcEs -s/ 
COMPLETE TO THE LAST NOTE! 

NO STRINGS ATTACHED! 

ng 

Ilayinctw 

NOW YOU can get a real 
start on a complete record 

collection. Take ALL TEN of 
these complete masterpieces - 
and pay NOTHING but the 
cost of postage! 

Why We Make this 
"Give -Away; Offer 

Only by putting our records 
in your hands can we demon- 
strate their quality and value. 
Performed by internationally 
renowned orchestras and art- 
ists. Custom -pressed on purest 
vinyl plastic. Reproduced with 
a tone fidelity encompassing 
the entire range of human 
hearing...50 to 15,000 cycles! 

Mail Coupon Now 
As a Trial Member of the 
Musical Masterpiece Society, 
you are not obligated to ever 
buy another record from us. 
You do have the right to try - 
free of charge -any of the So- 
ciety's monthly selections you 
wish. You receive prior notice 
of these and pay nothing in 
advance. Those you want are 
sent to you for FREE trial. 
After 5 days, the records you 
decide to keep are billed you 
at the low Membership Price 
of only $1.65 per disc (aver- 
age playing time 40 minutes). 
You save 35 the usual retail 
price! Right now, start your 
collection with these TEN 
masterpieces absolutely FREE! 
But membership is limited; 
once filled, this offer must be 
withdrawn. Rush coupon with 
only 250 to help cover cost of 
postage -today! 

r 

L 

IO 

MOZART 
Symphony No. 26 
in E Flat, K. 184 

Netherlands Phil. 
Otto Ackermann, Cond. 

BEETHOVEN 
Piano Sonata No. 24 
in F Sharp, Opus 78 
Grant Johannesen, 

Pianist 

BRAHMS 
The Academic Festival 

Utrecht Symphony, 
Paul Hupperts, Cond. 

BERLIOZ 
The Roman Carnival 

Netherlands Phil. 
Walter Goehr, Cond. 

VIVALDI 
Concerto in C for Two 
Trumpets and Orch. 

H. Sevenstern and F. 
Hausdoerler, Soloists; 

Netherlands Phil. 
Otto Ackermann, Cond. 

WAGNER 
Die Meistersinger, 

Prelude, Act 1 

Zurich Tonhalte Orch. 
Otto Ackermann, Cond. 

BACH 
Toccata and Fugue 

in D Minor 
Alexander Schreiner at 
Organ of Tabernacle 

Salt Lake City 

DUKAS 
Sorcerer's Apprentice 

Utrecht Symphony 
Paul Hupperts, Cond. 

MUSSORGSKY 
Night on Bald Mountain 

Netherlands Phil. 
Walter Goehr, Cond. 

CHOPIN 
Fantaisie -Impromptu, 

Opus 66 
Robert Goldsand, 

Pianist 

Musical Masterpiece Society, Dept. 60.9 
43 West 61st St., New York 23,. N. Y. 

ALL 10 MASTERPIECES-FREE 
I enclose 250 to cover postage. Please send me ALL 10 

of the masterpieces listed above and enroll me as a 
Trial Member. 

I will receive advance descriptions of future monthly 
selections. I may try any of these - free of charge - 
without paying a penny in advance. I may reject any 
recording before or after I receive it, and may cancel my 
trial membership at any time. 

In the future, for each selection I decide to keep, I 

will pay special Member's Price of only $1.65 plus a few 
cents for shipping... saving % off the usual retail price; 
LIMIT: Only one sample package to a customer. 

Name 

Address 60 -9 

City State 
In Canada, address: 105 Bond St., Toronto 2, O_t..J 

without an isolation transformer, although the 
theory is vague to me. Can you clear this up? 

CHET L. KURRIER 
Springfield, Mass. 

The Theremin's output may be connected to 
the mike input of the amplifier if proper precau- 
tions are taken. If the chassis of the a.c: d.c. am- 
plifier is isolated from the power line by a capaci- 
tor, the ground lead from the Theremin output 
may be connected directly to the amplifier chassis. 
If no such isolation exists in the amplifier, a ca- 
pacitor of not more than 0.1 pfd. must be inserted 
in the ground lead at the amplifier. The "hot" 
or "signal" output lead of the Theremin may be 
connected directly to the input terminal of your 
amplifier. 

Obsolete Transformer 
In an old copy of the Radio Amateur's Hand- 

book, I found an article on how to build a "han- 
die- talkie." The builder suggested that an Inca 
I -45 transformer be used. I have found that this 
is no longer made and would like to know what 
other transformer would work as well. 

ALLEN C. MILLER 
Phoenix, Arizona 

Do any of our readers have any information 
that will help Mr. Miller? 

Stereophonic Sound 
In Mr. Eisenberg's article on "Solid Sound" 

(May, 1955), it is stated that the magnetic sound 
tracks are placed on the film so that the sound 
is required to be 28 frames ahead of the corre- 
sponding picture. If this were true, it would be 
impossible to obtain proper synchronization of 

"Don't turn around or I'll fill you 
full of hot lead." 

POPULAR ELECTRONICS 
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you are invited by glk&P 
to... 

ti 

As always, Electro -Voice is FIRST! Now E -V sponsors this 
unique and exciting contest, that you might hear (perhaps 
win) today's finest matched high fidelity sound systems. 
Contest starts August 1, 1955. 

WIN this "double- size" first PRIZE! 

O WEEK -END WITH HIGH FIDELITY ALL- EXPENSE- 
PAID week -end trip for two ... from wherever you enter 
the contest to Electro- Voice -the Home of High Fidelity! 

© LIFETIME OF HIGH FIDELITY MUSIC with your own 
incomparable Patrician and the beautiful Peerage con- 
sole and equipment. 

WIN the incomparable Petrician 
4 way audio reproduce.! 

and LOOK...9 more PRIZES, wonderful to WIN! 

WIN the beautiful 'eerage 
corsoie and equlpnent! 

3 Second Prizes .. , magnificent E -V 15TRX 15 -in. 
three -way speakers! 

3 Third Prizes ... outstanding E -V 12TRX 
12 -in. three -way speakers! 

3 Fourth Prizes ... powerful E -V 
12TRXB 12 -in. three -way 

speakers! 

ELE :TR4- VOICE, IVC., BUCHANAN, MICHIGAN 

September, 1455 

EIECTB0.VOICE, INC., BUCNANAN, MICH. 

Gentlemen: I want a chance to win. 
names of nearest participating E -V 

Name 

Address 

City 

My nearest large trading center is 

Please send me the 
Distributors. 

Zone State 

II 



STAGE 

MIC. MIC 

PRESENT TV 
TRANSMITTER 
SOUND SYSTEM 

SPKRI HOME ISPKR 

S.P.DT 

PRESENT TV 
FRONT END 

I.F. 

Proposed stereophonic sound system for TV. 
See letter and reply at right for details. 

picture and sound, since the film passes through 
the sound head before it reaches the projector 
head. Actually, the sound for these films is re- 
corded 28 frames after the picture as compared 
to the old standard of 20 frames ahead of the 
picture for optical sound tracks. 

MARSDEN K. WURTSBAUGH 
San Jose, Calif. 

Actually we're both correct -the disagreement 
here is due to different terminology. It is true 
that the sound is recorded 28 frames after its 
corresponding picture. But, during playback, the 
film passes through the sound head before it 
passes through the projector head, as you have 
stated. This is what we meant in saying that 
the sound is ahead of its corresponding picture. 

Stereosound and TV 
With reference to page 25 of the story on 

stereophonic sound (May issue), separate tuners 
for multiple sound channels may not be necessary. 
In the accompanying diagram, "binaural" sound is 
represented. Stereosound might be possible by 
substituting rotary switches for the s.p.d.t. switch- 
es. In this way, additional sound channels could 
be accommodated. Additional amplification would 
be needed, and maybe better bandpass character- 
istics. 

The horizontal pulse signal or the color burst 
signal is an ultrasonic synchronized signal already 
being used that probably could be adapted to 
operate the switches. Of course, the switches 
would have to be electronic. This system seems 
to be compatible with present TV. 

LAVERNE LIVENGOOD 
Morrill, Kans. 

We conferred with Martin Bender, commercial 
engineer at Altec Service Corp., New York, N. Y., 
on the contents of the above letter. According to 
Mr. Bender, switching with ultrasonic or high -fre- 
quency signals has already been accomplished in 
theatrical stereophonic sound systems. As an ex- 
ample, the "surround" speakers are switched on 
and off by a 12 -kc. signal triggering an electronic 
switcher. 

The type of control mentioned by Mr. Liven - 
good is entirely feasible. The danger that exists, 
though, lies in the permissible power to be trans- 
mitted at those frequencies, plus the fact that at 

(Continued on page 16) 

READS DIRECTLY ON METER 
FILAMENT CONTINUITY 
LEAKAGE 
INTERMITTENT CONDITIONS 
OR OPENS 
SHORTED ELEMENTS 
GAS CONTENT 
QUALITY ON A "BAD- GOOD" SCALE 
OPEN ELEMENTS (CHECKS ACTUAL RE- 
SISTANCE OF WELD INDICATING QUALITY 
OF WELD) 

For further information write 

OF 

ßecatae 2/au 4slaedd tan 91! 

NEW! DIFFERENT! 

HOLLYWOOD 
CRT DYNAMIC RESTORER 

95 
AT YOUR DISTRIBUTORS 

ONLY 49 STANDARD RETMA 
WARRANTY 

NO MORE NEON LAMPS! 
READS ALL CONDITIONS ON A HIGHLY SENSITIVE, 

ILLUMINATED METER 
ELIMINATES OXIDATION 
RESTORES EMMISSION 
WELDS OPEN ELEMENTS 

SHORTS' REMOVES SHORTS AND LEAKAGE 
-DISPERSES GAS 

SPECIALLY DESIGNED TRANSFORMER PRO- 
DUCES MOST SUCCESSFUL CATHODE WELD 

ANOTHER HOLLYWOOD FIRST! 
New KILOVOLTER measures to 30 
KV. Instrument complete with HV 
PROBE 

HOLLYWOOD INSTRUMENT CO. 
206 S. MAIN ST., 

ROYAL OAK, MICHIGAN 

ORIGINAL DESIGNERS OF CRT RESTORING INSTRUMENTS. MFRS. OF MIDWEST CATHODE BEAMER 
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TO DEMONSTRATE ... A SENSIBLE WAY TO HELP YOU UNDERSTAND MUSIC BETTER AND ENJOY IT MORE 

(Will you accept without charge ANY ONE of these high-fidelity 

MUSIC - APPRECIATION RECORDS 
Richard Strauss' TILL EULENSPIEGEL'S 

MERRY PRANKS 

Smetana$ THE MOLDAU ION ONE 12" DISCI 

George Szell, conducting Music Appreciation Symphony Orch. 

Prokofievs CLASSICAL SYMPHONY 

Britten5 THE YOUNG PERSON'S 

ION ONE 12" DISCI GUIDE TO THE ORCHESTRA 
Alfred Wallenstein, conducting The Music Appreciation 

Symphony Orchestra 

3 ± 

iiii : 
J.S.Bachs SUITE FOR ORCHESTRA NO.3 

IN D MAJOR 

George Szell, conducting The Music Appreciation 
Symphony Orchestra 

. ` 'Vagnerc OVERTURES TO TANNHAUSER 

Ip. ION ONE 12" DISC) 
and DIE MEISTERSINGER 

' 
- Norman Del Mar, conducting London Symphony Orchestra 

Schumann's PIANO CONCERTO 

INA MINOR 
Eileen Flissler, Pianist 

Thomas Seherman, conducting The Little Orchestra 

(1) JYtendeissohn's VIOLIN CONCERTO 

IN E MINOR 
Alexander Smallens, conducting The Stadium Concerts 

Symphony Orchestra Fredell Lack, Violinist 

ON ONE SIDE there is a full performance of a 
great musical work. The rec- 

ores feature orchestras and soloists of rec- 
ognized distinction in this country and abroad. 
You listen to this performance first, or after- 
ward, as you desire, and then... 

ON THE OTHER SIDE 
is an illuminating anal- 
ys s of the music, with 

the themes and other ma.n features of the work 
played separately with running explanatory 
comment, so that you can learn what to listen 
far in order to appreciate the work fully. 

September, 1955 

YOU WILL RECEIVE 

SEPARATELY 

A GLOSSARY OF 

MUSICAL TERMS 

SPONSORED BY THE BOOK -OF- THE -MONTH 
CLUB, this new idea is designed for those 
who enjoy good music but who are 
aware, too often, that they do not listen 
to it with complete understanding and 
appreciation. There is no doubt about the 
reason: most of us are not primed about 
what to listen for. MUSIC- APPRECIATION 
RECORDS meet this need -for a fuller un- 
derstanding of music -better than any 
means ever devised.This enjoyable form 
of self -education can be as thorough as 
the Music Appreciation courses given in 
many universities. 

YOU SUBSCRIBE BUT TAKE ONLY THE REC- 
ORDS YOU WANT ...A new MUSIC-APPRE- 
CIATION! RECORD will be issued -for sub- 
scribers only -every month. Ultimately 
all the great masterpieces of music will 
be included. The announcement about 
each forthcoming record will be written 
by the noted composer and music com- 
mentator Deems Taylor. After reading 
this descriptive essay you may take the 
record or not. You are not obligated to 
take any specified number of records. 
And you may stop the subscription at 
any time you please! 

TWO TYPES OF RECORDS AVAILABLE... 
All MUSIC- APPRECIATION RECORDS are 
high- fidelity long -playing records of the 
highest quality - 331/3 R. P. M. on 
Vinylite. They are of two kinds: first, 
a so- called Standard Record -a twelve- 
inch disc - which presents the per- 
formance on one side, the analysis on 
the other. This is sold at $3.60, to 
subscribers only. The other is an 
Analysis -Only Record -a ten-inch disc - priced at $2.40. The latter is made 
available each month for any subscriber 
who may already have a satisfactory 
long -playing record of the work being 
presented. (A small charge is added 
to the prices above to cover postage and 
handling.) 

TRY A ONE -MONTH SUBSCRIPTION -WITH 
NO OBLIGATION TO CONTINUE... Why 
not make a simple trial, to see if these 
records are as pleasurable and as enlight- 
ening as you may anticipate? The rec- 
ord you choose will be sent to you at 
once -at no charge. You may end the 
subscription immediately after hearing 
this record, or you may cancel any time 
thereafter. 

PLEASE RETURN ONLY IF YOU HAVE A 33% R.P.M. RECORD PLAYER 

MUSIC -APPRECIATION RECORDS R65.4 
c/o Book -of- the -Month Club, Inc. 
345 Hudson Street, New York 14, N. Y. 

Please send me at once, without charge, the 
Music- APPRECIATION RECORD checked at the right 
and enter my name in a Trial Subscription to 
Musts- APPRECIATION RECORDS, under the condi- 
tions stated above. It is understood that, as a 

subscriber, 1 am not obligated to buy any speci- 
fled number of records, but may take only those 
1 want. Also, I may cancel my subscription 
after hearing this first record, or any time 
thereafter at my pleasure, but the introductory 
record is free in any case. 

AS MY FREE DEMONSTRATION 
RECORD PLEASE SEND ME 

Stratus' Till Eulenselegal Proholiev's trephoey 
ud Smetani s The Moldeo and Briosa', MI 
Bach's Suite lar Orchestra Waeeer's Overtures 

I7 Schumane's Cantarla Meedelssehe's Duarte 

Mr. 
} Mr,. 

.Nie, (Please Prlet) 

ADDRESS 

CITY ZONE STATE 
MAR 33 

13 



Put your electronic 

skills to work 

Young men who are interested in electron- 
ics, mechanics, or other technical special- 
ties have an interest in the U. S. Air Force. 
As an Airman, you may have an oppor- 
tunity to develop your technical ability 
and learn an interesting, exciting, and 
good paying skill. Act today and put your 
skills to work tomorrow. Put them to work 
where they'll do the most good...put your 
skills to work in the U. S. Air Force. 

You go places - faster 
in the U. S. Air Force 

- 

You may train with the U.S. 
Air Force in one of these 

interesting specialties 

Radio and Radar Maintenance Mis- 
sile Guidance Systems Armament 
Systems Weapons Training Devices 
Maintenance Wire Maintenance 

E-10-PE I 

AIRMAN INFORMATION BRANCH 
Personnel Procurement Division 
Box 2202, Wright- Patterson AFB 
Dayton, Ohio 

Please send me more information on my oppor 
tunity os an Airman in the U. S. Air Force. 

Nome 

Address 

City 

Age 

Zone-State 
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PICK 

YOUR 

FUTURE 

ERE 

`' ie I 

H 

Look over this list of career op- 

portunities. Find the field where 

you'll spend your future. Will 

you be successful in it? Or will 

you barely make a living? Here's 

a chance to find out! I. C. S. will 

send you absolutely free an up- 

to -date brochure on the field that 

interests you - including job in- 

formation and 1954 opportunity 

outlook. Mark and mail the 

coupon today! 

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

SPECIAL FREE OFFER 

36 -page book, 
"How to Succeed." 

Authoritative career 
guide filled with 

helpful tips. Sent free 
with brochure 

to those who mail 
coupon without delay. 

I. C. S., Scranton 9, Penna. Homme 
National 

St tudy Council 

INTERNATIONAL CORRESPONDENCE SCHOOLS ICS. 
BOX 76295H, SCRANTON 9, PENNA. 

Without cost or obligation, send me "HOW to SUCCEED" and the opportunity booklet about the field 
ARCHITECTURE AVIATION CIVIL, STRUCTURAL 
and BUILDING O Aeronautical Engineering Jr. ENGINEERING 
CONSTRUCTION O Aircraft & Engine Mechanic O Civil Engineering 
Air Condition:.ng- Refrig. BUSINESS O Construction Engineering 
Architecture O Advertising O Highway Engineering 
Architectural Interior O Bookkeeping and Accounting O Reading Struct. Blueprints 
Building Contractor O Business Administration O Sanitary Engineering 
Building Maietenance O Business Correspondence O Structural Engineering 
Carpenter an-i Mill Work O Public Accounting Surveying and Mapping 
Estimating O Creative Salesmanship DRAFTING 
Heating Federal Tax Aircraft Drafting 
Painting Contractor O Letter -writing Improvement O Architectural Drafting 
Plumbing O Office Management O Electrical Drafting 
ReadingArch. Blueprints O Professional Secretary O Mechanical Drafting 
ART O Retail Business Management O Mine Surveying and Mapping 

O Sales Management O Plumbing Drawing and 

Commercial Art O Stenographic -Secretarial Estimating 

Fashion Iial Arting O Traffic Management O Structural Drafting 

Magazim_ Illustrating CHEMISTRY ELECTRICAL 
O Show Card and Sign Lettering O Analytical Chemistry O Electrical Engineering 

O Sketchirg and Painting O Chemical Engineering O Electrical Maintenance 

AUTOMOTIVE 
O Chem. Lab. Technician O Electrician O Contracting 

General Chemistry O Lineman 
O Auto Body Rebuilding O Natural Gas Prod. & Trans. HIGH SCHOOL 
O Auto Elec. Technician O Petroleum Engineering O Commercial O Good English 
O Auto -Engine Tune Up O Plastics O High School Subjects 
O Automobile O Pulp and Paper Making O Mathematics 

O Cartooning 

( Partial list of 277 courses) 
BEFORE which I have marked X (plus sample lesson): 

LEADERSHIP O Television Technician 
O Foremanship RAILROAD 
O Industrial Supervision O Air Brakes O Car Inspector 

Leadership and Organization O Diesel Locomotive 
O Personnel -Labor Relations D Locomotive Engineer 

MECHANICAL O Section Foreman 
AND SHOP STEAM AND 

O Gas -Electric Welding DI ESEL POWER 
O Heat Treatment Metallurgy O Combustion Engineering 
O Industrial Engineering O Diesel -Elec. O Diesel Eng's 
D Industrial Instrumentation O Electric Light and Power 
D Industrial Supervision O Stationary Fireman 

Internal Combustion Engines O Stationary Steam Engineering 
O Machine Design- Drafting TEXTI LE 
O Machine Shop Inspection O Carding and Spinning 
O Machine Shop Practice O Cotton, Rayon, Woolen Mfg. 
O Mechanical Engineering O Finishing and Dyeing 
O Quality Control O Loom Fixrg O Textile Des'ing 
O Reading Shop Blueprints O Textile Eng'r'g O Throwing 
D Refrigeration O Warping and Weaving 
O Sheet Metal Worker MISCELLANEOUS 
O Tool Design O Toolmaking O Domestic Refrigeration 

RADIO, TELEVISION Marine Engineering 
O Industrial Electronics O Ocean Navigation 
O Practical Radio TV Eng'rng O Professional Engineering 
O Radio and TV Servicing O Short Story Writing 
O Radio Operating O Telephony 

Name Age Home Address 

City Zone State 

Occupation 

Working Hours A M to P.M 

Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd., 
Montreal, Canada.... Special tuition rates to members of the U. S. Armed Forces. 
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Now - Better TEST Equipment Kits - At Budget Prices 
General Electronic Equipment Co. kits backed 
by 23 years of manufacturing experience - by 
over a half a million completely wired, factory 
built, high quality test instruments. 
YOU LEARN BY DOING - Building these kits is self - 
instructive. Each Kit comes complete with simple to fol- 
low, step -by -step, illustrated instructions. 

480K kit complete 
with battery 
and all 
parts 

480 Factory 
wired and 
tested $14.85 

480K 
MULTI -TESTER 

KIT 
Versatile tester - 
famous 1000 ohm 
per volt. Measures 
DC volts -AC volts - DC amp. - DC 
milliamps. - ohms - megohms - 
decibels - output 

meter. Custom molded, bakelite 
panel, case, battery cradle - 
molded in jacks - fine circuitry 
design protects against meter 
damage - high sensitivity - 
smart appearance is matched only 
by its high performance. 

327K TUBE TESTER 
KIT 

Ultra modern - tests all 
tubes in all current radio and 
TV sets, also color TV - 
new 600 ma series string - 
type - hearing aid - bal- 
lasts - magic eye - gas 
rectifiers - transmitting. 
Has line voltage regulator 
"free pointe obsolescence- 
proof - element switching 
system - short and leakage 
tests - you can't insert tube in wrong 
socket - fuses protect meter and 
transformer separately. 18 point fila- 
ment selector switch - 18 different 
filament voltages. 
New super speed loose leaf book with 
indexed card for tube data - no 
obsolescence - new tube data quickly 
inserted - far ahead of rollcharts. 

327K 
Kit 
complete 
327 Factory wired 
and tested $49.50 

Picture Tube 
Adapter $3.95 

Get these latest model kits from your parts jobber. 
Write for literature describing other kits, including 
Geiger counters, to Department P -9. 

GENERAL ELECTRONIC EQUIPMENT CO. 
MANTUA AVE. and GLENDALE ST., EASTON, PA. 

A Division of Radio City Products Co., Inc. 

I5 

Letters from Our Readers 
(Continued from page 12) 

the higher audio frequencies the signal -to -noise 
ratio approaches unity. 

Mr. Bender concludes that .. while this 
method could not definitely be incorporated in 
amplitude modulation systems, there is a possibil- 
ity that a revised version could be used in FM 
transmission systems." 

Metal Detector 
I was advised by the Coyne Electrical School 

that you ran an article on metal detectors. I would 
like a diagram on such a unit and would be glad 
to pay you for it. 

J. W. CAPPS 
Newark, Ark. 

Such an article appeared in our June issue. A 
copy may be obtained by sending 30 cents to the 
Circulation Department of POPULAR ELECTRONICS, 
64 East Lake St., Chicago 1, Ill. 

Simple Test Equipment 
My friends and I really enjoy your magazine 

but think it would be a little more interesting if 
you could run articles on simple test equipment, 
for instance, signal tracers and multimeters, etc. 

BILL DURBIN 
Battle Creek, Mich. 

Thanks for the suggestion. Watch for construc- 
tion articles on these items.in the near future. 

Checking a KWH Meter 
With reference to "What's the PE Answer ?" 

(July 1955, page 73, last question), a quicker 
way of checking a KWH meter is to count the 
number of revolutions per minute of the rotating 
disc, using a known load. A Kh number on the 
nameplate gives the number of watt -hours per 
revolution of the disc, e.g., "Kh 2" means two 

tl 

?áV 

is 

"The r.f. and i.f. sections aren't missing - 
that's a P.A. system!" 

POPULAR ELECTRONICS 



RAYTHEON TRANSISTOR 
APPLICATION BOOK 

Now 

Available 

to 

You! 

It contains complete information including wiring ciagrarns, illustra- 
tions parts lists, everything you need for building Neer 50 tNpes of tran- 
sistorized equipment - using low -cost Raytheon Trransi4ors. 

Whether you-are an engineer, an ex )erimenter or a hobbyist, you'll find 
many circuits of interest to you - the complete "how -tv -du -i: ' on such 

items as timers, receivers, oscillators, geiger °winter, metal loca- 
tors, plus many other practical and eseful trtnisimor applications. 

Your Raytheon Tube Supplier now has e liruited quantity of this 
new book. Buy your copy from him or direr: from Raytheon. 
Simply send 500 to Department P7. 

r<.,/.,,.4.P,/..RAYTHEON MANUFACTURING CO 
Receiving and Cathode Ray Tube Operations ; - 4evwton 58, Massachusetts 

RELIABLE SUBMINIATURE AND MINIATURE TUBES SEMICONDUCTOR DIODES ANC TRANSISTORS 

NUCLEONIC TUBES RECEIVING AND PICTURE TUBES MICROWAVE TUBES 

September, I955 17 
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BETTER MUSIC 

WITH YOUR PRESENT 

by installing the 

"7 út ze,e,ft 

Ì 

You can dramatically improve the tone 
quality of your present phonograph with the 
SHURE WC -10 "Twin- Lever" cartridge. 
With this remarkable new Ceramic Cartridge 
you can enjoy the luxury of fine music 
reproduction at low cost. 
The WC -10 has a peak free frequency response 
from 40 to 13,000 cps. It replaces most 3- speed, 
plastic cased cartridges, crystal or ceramic, 
turnover or single needle ... and is quickly 
installed on any tone arm with standard 1 /2" 
mounting centers. 
The unique "Twin- Lever" design, with each 
needle on its own shaft, provides improved, 
individually correct compliance for each record 
speed. 

Needle replacement can be accemplished in 
seconds- without tools -with the cartridge in 
the pickup arm. 

WC -10 with two sápphire needles -LIST PRICE $9.50 
WC -10D with diamond needle for LP and sapphire 

needle for 78RPM -LIST PRICE $34.00 
Available from your local SHURE distributor 

SHURE BROTHERS, INC., SALES DIVISION 
225 W. HURON ST. CHICAGO 10, ILL. 

Please send me detailed information on the SHURE "Twin- lever" 
Cartridge. 

NAME 

ADDRESS 

CITY STATE 

I4 

TEP J 

watt -hours per revolution. The load in watts di- 
vided by 60 (minutes) gives watt -hours per min- 
ute. Dividing this figure by the Kh number of the 
particular meter gives the correct number of revo- 
lutions per minute which should be observed. 

BRUCE H. EDWARDS 
New London, Conn. 

Tachometer on 12 Volts 
I would like to inquire about the article en- 

titled "Portable Electric Tachometer," which ap- 
peared in your May issue. Could I adapt this 
tachometer to a 12 -volt automotive system, even 
though a 6 -volt relay was used in the unit de- 
scribed? 

RICHARD J. NARAS 
Columbus, Ohio 

There is no reason why a 12 -volt relay shouldn't 
worn on a 12 -volt automotive system -if you 
can get the 12 -volt relay. We suggest that you 
write to the relay manufacturer for specific in- 
formation: Stevens -Arnold, Inc., 22 Elkins St., 
South Boston 27, Mass. 

Transistor Radio 
Please send me any additional information you 

may have on the transistor receiver mentioned in 
your January, 1955, issue. Is a schematic avail- 
able? 

FRANK MELLKIN 
Buffalo, N. Y. 

The transistor radio receiver referred to above 
was also mentioned in the "Carl & Jerry" story in 
our May issue. A complete schematic and detailed 
description appeared in the January, 1955, issue 
of RADIO & TELEVISION NEWS, a copy of which 
may be obtained by sending 40 cents to Ziff -Davis 
Publishing Co., Circulation Dept., 64 E. Lake St., 
Chicago 1, Ill. The radio is manufactured by 
I.D.E.A., Inc., Regency Division, 7900 Pendleton 
Pike, Indianapolis, Ind. It is available at most 
radio outlet stores at a list price of $49.95. 

Correction on Tape Timing 
Information on how to check a tape recorder's 

speed (page 77, July issue) ascribed to me is in- 
correct. Next to the last two paragraphs should 
read as follows: 

In two minutes time, at 15- i.p.s. speed, 120 
white sections and 120 plaid sections will pass any 
given point in the tape's path, if the recorder's 
speed is correct. Each section, regardless of colora- 
tion, is exactly 7%" long. At 7 %- i.p.s. speed, 
just 120 sections, of both colors, will pass in two 
minutes or 120 seconds. 

At 15- i.p.s. speed, if 122 white sections pass 
your measuring point, and tape stops at exactly 
the same point in the same color section as that 
in which you began to measure, the tape speed is 
two parts fast in 120 parts, or 1 /60th too fast. 
This same method can be used to check a record- 
er with any standard tape speed. 

JOEL TALL 
New York, N. Y. 

Thank you for the correction, Mr. Tall, and 
we're sorry you were misquoted. Incidentally, 
we're looking forward to the appearance of your 
new book on tape recording in October. 30E- 
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Get more money! 
More out of life! °, security! 

Learn 

Get the best! 
Get National Schools' SHOP- METHOD HOME TRAINING! 
Start now Why wait around for tint raise or promotion 
that may never come? Get started now in high- paying 
TV- Radio -Electronics! National Schools' SHOP METHOD 
Home Training prepares you for success in a top -salary 
job or in your own business. You learn all three Televi- 
sion,Radio, Electronics...in one complete course. Our Shop - 
Tested lessons and manuals help you master all phases in 
shortest possible time! Send coupon, find out today! 

WHY NATIONAL SCHOOLS LEADS THE FIELD 
Located in the "Television Center" of the world, our staff 
is in close touch with latest developments and opportun- 
ities. We give you personalized job placement assistance. 
We also give you confidential help with both technical and ' 

personal problems relating to your training. We show 
you how to make Part Time Earnings as you progress. 
Whether you live 30 miles away, or 3,000, you will always 
be pleased with our prompt, friendly service! 

DRAFT AGE? Our home training helps you achieve special- 
ized ratings and higher pay grades if you go in service. 

30 MILLION TV SETS 
need regular repair! Color TV 
means more sets than ever be- 
fore. NOW is the golden oppor- 
tunity to cash in on this multi- 
billion- dollar industry.Or "write 
your own ticket" in broadcast- 

ing, manufacturing, 
and other special- 
ized phases! EEÿòSÏIÌl1 

RSÁMPEE 1E550N 

oturein- YOI'_.1 
YOUR FUTURE 

IN RADIO 
TELEVISION 

September, 1955 

1,. 

F 

'FREE 

Í SE 

YOUR AGE 

IS NO 

OBSTACLE' ! 

We send you this precision- tested Multitester! Plus parts 
to build Oscillators, Receivers, Signal Generator, Contin- 
uity Checker, Combination Short Wave and Standard 

Broadcast Superhet Receiver. All 
this equipment is part of your National Schools course. 
NO EXTRA CHARGES! Send coupon for free books! 

NATIONAL SCHOOLS, f f F l 
world-f amous technical ¡(r rr l-Ut 

trade school. Now enter l ,- ( d 

ing our 50th year! irrlil .it '. !,41I 'l'1 

NATIONAL SCHOOLS 
TECHNICAL TRADE TRAINING SINCE 1905 

LOS ANGELES 37, CALIFORNIA 
In Canada: 811 W. Hastings St., Vancouver, B. C. 

APPROVED FOR G. I. TRAINING 
BOTH HOME STUDY AND RESIDENT COURSES OFFERED 

Send for 
REE LESSON! 
BOOK & SAMPLE LESSON 
will convince you! 
ND COUPON TODAY 

(mail in envelope or paste on postal candi 

NATIONAL SCHOOLS, DEPT. R20.98 
4000 SOUTH FIGUEROA STREET 323 WEST POLK STREIT 

LOS ANGELES 37, CALIFORNIA OR CHICAGO 7, ILLINOIS 

Please rush FREE BOOK, "My Future in Radio -Tele- 
vision -Electronics," and FREE LESSON at once. I un- 
derstand there is no obligation, and no salesman will call. 

NAME BIRTHDAY - 19_ 

ADDRESS 

CITY ZONE STATE 

Check if interested ONLY in Resident Training at Los Angeles. 

LVETERANS: Give date of discharge J 
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BRAND 

FERRO -SHEEN 
has the smoothest surface 
of all recording tapes! 

I 
1 

1 

1 

1 

What does chis super -smoothness mean to you? 

1. -GREATLY REDUCED HEAD WEAR: the mir- 
ror- smooth FERRO -SHEEN surface virtually elimi- 

nates headwear caused by the abrasive surface of 
ordinary tapes. 

2 -NO SHEDDING OF OXIDE: unlike ordinary 
tapes which shed oxide particles that gum up the 

heads, the FERRO -SHEEN process bonds the oxide to 
the base so that it cannot come off. 

3 -FLATTER FREQUENCY RESPONSE: the super- 
smooth surface of FERRO-SHEEN tape makes 

better contact with the recording head, resulting in 
higher output and a very flat frequency response. 

4 -NO "DROPOUTS ": the mirror -like surface of 
irish FERRO -SHEEN tape contains no nodules or 

agglomerates which lift the tape away from the head 
causing "drop- outs." 

MAKE YOUR OWN TEST IN TWENTY SECONDS! 
Place strips of each of the leading tapes side by side 
for direct visual comparison -you will SEE the obvious 
difference at a glance. YOU WILL INSTANTLY REC- 
OGNIZE WHY IRISH FERRO -SHEEN TAPE IS THE 
FINEST TAPE YOUR RECORDER CAN USEI 

1 ASK YOUR 
DEALER FOR 

irish SHAMROCK #300 
the 600' $2.40 Hi -Fi Net 

FERRO -SHEEN 1200.' ..... _._._. 3.80 Hi -Fi Net 
PROCESS TAPE 2400' 8.60 Hi -Fi Net 

If not available at your local dealer, write direct to 

ORRADIO INDUSTRIES, INC. OPELIKA I, ALABAMA 
Export Division: Morhan Exporting Corp., N.Y.C. 

In Canada: Atlas Radio Corp., Ltd., Toronto 
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Out of Tune 
BEGINNING this month, we will list any 

errors that may occur in POPULAR ELEC- 
TRONICS under the above heading. Although 
every effort is made to avoid errors, in a 
book of this size and scope a few will un- 
derstandably crop up from time to time. If 
you find one, please let us know so that we 
may include it in this column for the benefit 
of all of our readers. 

"Simple Audio Frequency Meter" (July, 1955, 
page 78). The wiring schematic is correct. 
However, the pictorial did not include a 
wire joining the junction of Cl and R4 to 
the ground lug. Absence of this wire would 

6.771 Ill 
AUDIO 

ulT INPUT , J 
eWDING 
POSTS) 

I / 
AUXILIARY 

a 

jj 
ADJUSTMENT Mkt 

R2 

MAI 
TUNING 

... 
HEADPHONE 
OUTPUT 

(PIN JACKS) 

Rlnd 

C2 

GROUND 
LUG 

prevent the circuit from measuring fre- 
quencies. See drawing for correct version. 
Home -Built 700 Volt Geiger Counter (July, 
1955, page 28). In the parts listing that ap- 
pears on page 31, the designations B1 and 
B2 have been reversed. The schematic is 
correct, and all references to the batteries 
in the text are correct. 

Build Your Own Lie Detector (May, 1955, 
page 17). The pictorial diagram does not 
show a wire connecting the plus terminal 
of the v.t.v.m. to S1 at R5. Absence of this 
connection would prevent the bridge from 
being balanced. The wiring schematic on 
page 17 is correct. 

Power Supply Quiz (May, 1955, page 126). 
The answer to question No. 7 in this quiz 
was given as (b), or 10 %. This is only an 
approximation and, as many readers have 
pointed out, the exact answer is 11.1%. 
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NOW... RCA 
TRAINS YOU AT HOME IN 
RADIO-TV ELECTRONICS 

NEW AND UP -TO -DATE HCME 
STUDY COURSE ... Clearly written 
by men with years of servicing and 
teaching experience. Easy to under- 
stand . . . step-by-step instruction. 

NO PREVIOUS EXPERIENCE RE- 
QUIRED. This Home Study Course 
was specifically prepared for students 
with no previous electronics training 

. for those who want a sound foun- 
dation in this exciting field. 

A PRACTICAL COURSE ... You 
receive completely workable kits and 
perform valuable experiments to dem- 
onstrate the theory learned. In fact, 
many students will be able to do 
service work even before trey complete 
all the lessons. 

YOU BUILD AND KEEP THESE FINE 
INSTRUMENTS SHOWN 

a multimeter 
a 6 tube superheterodyne receiver 
an r.f. signal generator 
a television receiver 

SINCE 1909, RCA INSTITUTES has 
trained thousands of men in Radio -TV 
Electronics in our Resident Classes. 
Many have well- paying jobs in in- 
dustry; some have established their 
own business. Now this opportunity 
is available to you at home. 
"PAY -AS- YOU -LEARN" PLAN ... 
There is no binding contract. You 
pay for one study group at a time, as 

RCA INSTITUTES, INC. 

r 

you progress through the course. The 
cost roar everything- including the 
high quality equipment that you re- 
ceive and build -is amazingly low. 
RCA INSTITUTES -a service of 
Radio Corporation of America -is 
licensed by the New York State Edu- 
cation Department ... recommended 
by radio and television service or- 
ganizations. 

SEND FOR 
FREE 
CATALOG 
NOW 

RCA Institutes, Inc., Home Study Dept. 'E.95 
350 West 4th Street, New York 14, N. Y. 

Without obligation, send me FREE CATALOG on the Home Study Course 
in Radio-TV-Electronics. No salesman will call. 

y EbEGTt2lAr )r 

Name 

Address 

A SERVICE OF RADIO CORPORAAONO/AMEQICA City Zen. State 
3áOWES7EOU/GNSPA MNEW}VRK/4,N.Y. L I 
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LOOK 
what $ 

New EMC 

Model 209 

TUBE TESTER AND 

REJUVENATOR 
"YOU CAN HOLD THIS MINIATURIZED INSTRUMENT 

IN ONE HAND ... a revolutionary new development, 
it gives fast, absolutely accurate checks for tube 
quality, shorts, leakages, continuity, and opens on 

all modern and future tubes ... uses standard 
emission test for quick readings on modern, 31/2" 
plastic meter... flexible switching system prevents 
obsolescence. This professional instrument also 

rejuvenates picture tubes with the Model CRA 

(Picture Tube Test Adaptor)* ...specially designed 
by advanced engineering techniques, its handy size 

(63/4" x 71/2" x 4 ") makes it ideal for home calls." 

EMC Model 209 
(as illustrated in Hammertone metal case)$35.90 

In oak carrying case 38.50 
Kit form 25.90 

Complete with plastic -covered, detailed 
instruction book and tube listings. 

*EMC Model CRA 
(Picture Tube Adaptor) 4.50 

Yes, send me full technical information about 
Model 209 and a complete catalog of other EMC 
Instruments. 

NAME 

STREET 

CITY STATE 

PE9 
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ELECTRONIC 8LA CORP. 

O 
YORK 

E STREET 
NEW YORK It. NEW YORK 

EXPORT DEPT. -.370 BROADWAY, N Y. 13. N. Y. 

OP'tronics 

BOOKSHELF 
"THE NEW HIGH FIDELITY HAND- 
BOOK" by Irving Greene and James Rad- 
cliffe. Crown Publishers, Inc., New York, 
N. Y. 193 pages. Cloth bound. $4.95. 

This is a "big" book in many ways : it 
deals with "big sound" in which a great 
many people are interested; it contains 
an enormous amount of material on hi -fi; 
and it is big even in its physical dimensions 
(oversize 8" x 11" pages). 

As a practical guide to the purchase and 
assembly of a hi -fi system, this book is 
thorough and comprehensive. Moreover, it 
explains why certain rules prevail in hi -fi, 
and others do not. The result is an in- 
creased understanding by the reader of 
much of the reasoning and technology of 
audio reproduction. 

Included are discussions of representa- 
tive commercial components as well as 
ample material on living with the system 
after it is purchased. The chapters contain- 
ing instructions on housing the equipment 
include wood -working data and plans 
galore, enough to delight the fancy of any 
do- it- yourself enthusiast. A section on 
servicing hi -fi systems details what can be 
done to maintain the equipment with a 
minimum of labor and expense. 

Particularly valuable is the appendix 
which contains data on crossover networks. 
Also included is a real hi -fi exclusive: a 
symposium on the design of amplifiers, 
comprising discussions by leading manu- 
facturers on what they are trying to do in 
this area. 

"TECHNICAL DICTIONARY" written and 
published by the Technical Staff, Coyne 
Electrical School, Chicago, Ill. Distributed 
by Howard W. Sams & Co., Inc., Indian- 
apolis, Ind. 160 pages. Cloth bound. $2.00. 

Out of the current demand for standard- 
ization of the meanings of terms used in 
radio, TV, and other electronic applications 
has come this complete dictionary. Over 
4000 terms are defined. In addition, a spe- 
cial section brings together valuable refer- 
ence material covering wiring, mathe- 
matics, reactances, tube data, etc. The book 
is amply illustrated with charts, diagrams, 
and tables. -DL- 
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THE for 8" or 12" speakers, 

A KLIPSCH CORNER FOLDED HORN OF MINUTE PROPORTIONS! 

An amazing 20' high, the Rebel 5 design 
involves a cavity (capacitance); a slot 
(inertance) and a corner horn to provide 
back loading for a direct radiator speaker. 
The middle dhd extreme high ranges are 
preferably reproduced with corresponding 
horns and the resulting 3 -way speaker 
system can be squeezed into the tiny 
space. 

Reduction in size of speaker structure 
sacrifices one or more of the following: 
the maximum wavelength the system can 
produce; the smoothness of response (re- 
duction of size invariably produces peaks 
in the bass range); introduction of dis- 
tortion because of extreme diaphragm ex- 
cursion if the enclosure is too small (this 
is usually associated with peaked res- 
ponse). All Rebels necessarily violate 
these principles. The trick ih retaining a 
high level of quality typical of Rebel de- 
sign is to coordinate the design of the 
low -pass filter with the short length of 
horn exterior to the housing and to intro- 
duce an effective cut -off of gradual slope 
such that the output, instead of becoming 
highly distorted in the extreme bass 
range, merely attenuates without present- 
ing frequency doubling and resultant inter - 
modulation of high frequencies. 

Trade Mark 

truly... 
a little 

monster 

the most amazing Klipsch design ff 

Portability keys the flexibility 
of the Rebel 5. Used In a cor- 
ner, on a wall, in the center 
of a room, the 5 design out- 
performs largor conventional 
resonant box systems. 

MODEL KR -5 -U MODEL KR -5 MODEL KR -S -P 

Unfinished $33.00 Net $48.00 Leatherette $48.00 

prices slightly higher 

west and south 

September, 1955 23 

an 
exclusive 
manufacture 

75 North 11th Street, Brooklyn 11, N. Y. 



IVErtHEADQUARTERS 
FOR p POPULARELECTRONICS 

HARD TO PARTS FOR KITS 
WE H'V ul 

RAYTHEON 
TRANSISTORS 

CK -722- Singly, each 2.10 
-In lots of 10. each 1.95 
CK721- Singly, each 2.40 
-In lots of 10, each 2.25 

NEW 
TRANSISTOR 
TYPE 2N107 

P -N -P 

$1.25 
TRANSISTOR RADIO KITS 

TRANSISTOR RADIO RECEIVER KIT: 
I 2 -gang Variable Condenser; I Crystal Diode I1464; I .02 Mfd 
Condenser; I 220K Resistor; 1 G.E. 2N107 Transistor; I Loop- 
stick; I Dynamic Ear Phone. 

KT -51 Net MIKI 
TWO TRANSISTOR RADIO RECEIVER KIT 

I I.otipstick:1-2 -gang Variable Condenser: 2 C.E. 2N107 Transistors: 1 Volume Control with Switch; I Transistor Audio Transformer; I IDOK Resistor; 1 10 inrd Condenser; I Dynamic Ear Phone. 
KT -50 . .Net 
TRANSISTOR CODE PRACTICE KIT: 
I C.E. 2N107 Transistor; 2 Resistors; I Volume ConOnl; 2 .0! slid Condensers; I Telegraph Key, 1 Dynamic Ear Phone; Rat - ,tenics. KT -49 Net 

Write For Brochure on TRANSISTOR KITS 

9.74 

MAKE YOUR OWN 
PRINTED CIRCUIT 

NOTHING ELSE TO BUY! 
Our Inexpensive EtchedWire 
Kits Contain: Laminated Cop - 
per Boards (XXX -Pi; Printed. Circuit Tube Sockets: Copper 
Etching Material and instruc- 
tions; Etch -resistant material 
for Circuit layouts; Eyelets 
and drill for connections: 
scaled Layout Sheets for mak- ing your own or standard 
Printed Circuits. All Kits Are 

5001P -BASIC KIT 
Contains a complete ort. 
nient of materials needed to 
make 

` 
variety of different 

Printed Circuits. Circuit Dia- 
grams include Multiineter and 
I -tube Receiver. 

Supplied with Plastic Case 
5003P- SERVICEMAN 

& TECHNICIANS' KIT 
Contains three tintes the mate 
rial of Kit . 00tP with special 
Sockets, Connectors and 

c d"uble -fa d Copper Boards. 
only 3.95 a only 9.75 

5004P- PRODUCT DESIGNERS' KIT This special Kit enables the Manufacturer and laboratory to make a pilot run of etched 
y 
e Printed Circuits with his own staff and facilities. Contains all the latest information, materials and methods for adapting your product to mass production tech - nignes. 

TRANSISTOR TELEPHONE PICK- UPWtztl PR NYED 
BOARD 

CIRCUIT 

Essential list of parts as described In Sept. Issue of Popular Electronics; 2- Condensers. 4- Resistors; 1 Toggle Switch; 1 -Phone Jack and Plug; 4- Penlight Cells; 2- Raytheon CK722 Transistors; 1- Dynamic Earphone. 1- Printed Circuit Board and Plastic Case. 
KT-65 NET $9.30 

\,....MSI6- Telephone Pick -Up Coll, completely made In Plastic Housing 'NET $3.75 

25.00 
CDS -PHOTOCELL KIT 

with PRINTED CIRCUIT BOARD 
Complete Kit with PRINTED CIRCUIT HOARD; 
CDS photocell tube. Sigma Relay, chassis and 
all parts as listed ,n POPULAR ELECTRONICS. 
KT -53 Net 13.95 

um aRadio DOHA T.1542 t. 1 542 L Fefdl 

}+e 
-MIGEN 

rt ft. 
9ad 

ld_ 

/101/111$111t 24 Ceetnl Ave. 

100 SIXTH AVE. PLAINFIELD.171. t79NestZndSt. 

NEW YORK, N.Y. $OStON.MASS. nòfedealst. 
Include postage with order. 

Get This Valuable Book I' Just for Examining COYNE'S New 6-Volume Set 

Yes, you get this big, brand new book, "150 
Radio -Television Picture Patterns and Di- 
agrams Explained ", absolutely FREE! Just 
off the press! Gives complete wiring circuits 
and diagrams on the latest Radio and Television Sets. 
Easy -to -read, large 8% x 11 " pages, with full instructions on 
how to read and use the diagrams. A "must" in every Radio 
and Television service -man's repair kit. You get this val- 
uable book as a FREE Gift for asking to see Coyne's great 
new 6 -book set, "Applied Practical Radio -Television "! 
Here's "Know -Hord" That Makes You Worth More! 
Coyne's great new 6- volume set gives you all the answers to 
servicing problems -- quickly! For basic "know -how" that is 
easy to understand, you'll find everything you want, in vol- 
umes 1 to 5 which contain over 5000 practical facts and data. 
They cover every step from principles to installing, servic- 
ing, trouble -shooting and aligning all types of radio and TV 
sets. So up -to -date it includes COLOR TV and UHF, adapt- 
ers and converters. Also covers very latest information on 
TRANSISTORS. 

900 -Page Television Cyclopedia Included 
And then, for speedy on- the -Job use, you get volume 8 -the 
/amens Coyne TELEVISION CYCLOPEDIA. It answers 
today's television problems on servicing, alignment, installa- 
tion and others. In easy -to -find ABC order, cross indexed. 
Use this 6 volume TV -RADIO LIBRARY free for 7 days; 
get the valuable Servicing Book ABSOLUTELY FREE! 

COYNE 
24 

Educational Book Publishing Division 

ELECTRICAL SCHOOL 
500 S. Paulina St., Dept. 95 -PE Chicago 12, III. 

N 7 DAY 

FREE 

TRIAL! 

SEND NO MONEY! Just mail coupon for 6- volume set 
on 7 days free trial. We'll include book of 150 TV -Radio Patterns 
& Diagrams. If you keep the set. pay $2 in 7 days and $2 per 
month until $22.50 plus postage is paid. (Cash price $20.95). Or 
you can return the library at our expense in ? days and owe noth- 
ing. YOU BE THE JUDGE. Either way, the book of TV -Radio Patterns is yours FREE to keep! Offer is limited. Act NOW! 

FREE BOOK -FREE TRIAL COUPON! 
Coyne Electrical School, Educational Book Pahl. Div., Dept. '5 -Pt 
500 S. Paulina St., Chicago 12, III. 
YES! Send 4-volume "Applied Practical Rodio-T.levision" for 7 days FREE 
TRIAL per your offs. Include TV -Radio Patterns & Diagram Boeh FREE. 

Name 

Address 

Cuy Zone State 

When Employed 
) Check hen if you want library sent COD. You pay postman 

$2095 plus COD postage on delivery. 7 -day money -back guarantee. 

Age 

J 
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The New Model 70 UTILITY TESTER 

FOR REPAIRING ALL 
ELECTRICAL APPLIANCES 
MOTORS AUTOMOBILES T V TUBES 

As an electrical trouble shooter the Model 70: 
Measures A.C. and D.C. Voltages, A.C. and 
D.C. Current, Resistances, Leakage, etc. 

Will measure current consumption while the 
appliance under test is in operation. 
Incorporates a sensitive direct- reading resist- 
ance range which will measure all resistances 
commonly used in electrical appliances, motors, 
etc. 

Leakage detecting circuit will indicate continu- 
ity from zero ohms to 5 megohms (5,000,000 
ohms). 

Will test toasters, Irons, Broilers, Heating 
Pads, Clocks, Fans, Vacuum Cleaners, Re- 
frigerators, Lamps, Fluorescents, Fans, 
Switches, Thermostats, etc. 

Will test all TV tubes for open fila- 
ments, inter -element shorts, burned 
out tubes, etc. 

Tester the Model 70 will test: As an Automotive 
Both 6 Volt and 12 Volt Storage Batteries Generators Starters 

Distributors Ignition Coils Regulators Relays Circuit Breakers 
Cigarette Lighters Stop Lights Condensers Directional Signal Systems 

All Lamps and Bulbs Fuses Heating Systems Horns o Also will locate 
poor grounds, breaks in wiring, poor connections, etc. 
Handsome round -cornered molded bakelite case, 3t /a "x57 /a "x27/4 Complete 85 
with all test leads. Also included is a 64 page book giving detailed instructions. 
for testing all electrical appliances, automotive equipment, TV tubes, etc. Only 

SHIPPED ON APPROVAL 
NO MONEY WITH ORDER -NO C. O. D. 
Try it for 10 days before you 

buy. If completely satisfied 
then serd $3.85 and pay 

balance at rate of $4.00 per 

month for 3 months - No 

Interest or Finance Charges 

Added! If not completely 
satisfied, return to us, ro 
explanat'on necessary 

I MOSS ELECTRONIC DIST. CO., INC. 

i Dept. D -157 3849 Tenth Ave., New York 34, N. Y. 

' Please rush 1 Model 70 1 agree to pay $3.85 within 
after receipt and $4.00 per month thereafter 

Name 

Address 

City 

September, 1955 

Zone State 

10 days I 
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THIS 
IS 
IT! 
the 

year's 

best 

photographs 

by 

the 

world's 

best 

photographers! 

Over 250 Pages of Exciting 

Pictures... 

24 Pages in Rich, Full Color .. 

14 Big Sections .. . 

BE SURE TO GET YOUR COPY 

Now on Sale at Newsstands 
and Camera Stores 

0 ZIFF -DAVIS PUBLISHING COMPANY, publishers of POPULAR PHOTOGRAPHY, PHOTOGRAPHY 
ti- Annual, PHOTOGRAPHY Directory, FLYING, MODERN 

` BRIDE, RADIO & TELEVISION NEWS, POPULAR ELEC- 
TRONICS, AMAZING STORIES, FANTASTIC, G. I. JOE. 
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JOHN M. CONLY 
comments on diamond phonograph needles : 

nothing else 

but diamond 

styli will yield 

both lastingly 

good sound 

and peace 

of mind. 

Get diamonds." 

Editor 

High Fidelity 
Magazine 

Music Columnist, 

Atlantic Monthly 

PLAY SAFE 

PLAY DIAMOND TETRAD WORLD'S LARGEST 

MANUFACTURERS 

OF DIAMOND STYLI 

Ask your dealer or serviceman for a BRAND NAME DIAMOND 

Record -Needle Care Folders: Dept.P.E.,62 St. Mary Street, Yonkers, N. Y. 
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Learn to Service TV Sets- 
any make or model-Quickly 

There are Plenty of G o o d Jobsfor 

Men with Know-how and Skit. 

New ALL PRACTICE Method 

trains you at home to become 

a Professional TV Serviceman 

You learn the time saving techniques, 

methods used by top TV Servicemen 
This is 100% learn -by- doing, practical training. NRI sup- 
plies all necessary equipment, all tubes, including a 17 -inch 
picture tube; and comprehensive manuals covering a thor- 
oughly planned program of practice. You learn how experts' 
diagnose TV receiver defects quickly. You easily learn the 
causes of defects -audio and video -and how to fix them 
accurately. 

You get actual experience aligning TV receivers, isolating 
complaints from scopg patterns, eliminating interference, 
using germanium crystals to rectify the TV picture signal, 
adjusting the ion trap and hundreds of other valuable Pro - 
fessional techniques. 

17" Picture Tube, Components 

for a TV Receiver, Scope, 

Signal Generator, HF Probe - 
all included in introductory 

price under $200 -Easy Terms 

You Learn 
By Doing 

If you want to go places in TV serv- . 

icing, you will act quickly to find 
out what you get, what you prac- 
tice, what you learn and how NRI's 
new course in Professional Televi- 
sion Servicing will help you advance 
through better technical knowledge 
and training. See pictures of equip- 
ment supplied, read what you prac- 
tice in book offered FREE to ambi- 
tious men with some knowledge of 
Radio or TV fundamentals. Find out 
about this ALL PRACTICE Profes- 
sional TV servicing Course now. 

íju\c 
RI ACH THE 

TOP 

IN TV 

SERVI(']NC 

28 

COUPON BRINGS IMPORTANT 

BOOK FREE 
Get this book and judge for younself how this 
course ill further your ambition to reach the 
top in TV Servicing or help to build a more 
secure business of your own in TV. Many of 
tomorrow's top TV Servicemen . men who 
can service any make, any model, UHF, VHF 
or Color TV will be graduates of this 
training. Mail the coupon now. There is no 
obligation. 

r 
National Radio Institute. 
Dept. 5J D4T, 
16th and U Sts., N.W., Washington 9, D.C. 

Please send my FREE copy of "How to 
Reach the Top in TV Servicing." I under- 
stand no salesman will call. 

UHF and COLOR Create 

Growing Opportunities 
To cash in on the present UHF and the 
coming COLOR TV boom you'll need 
the kind of knowledge and experience 
NRI's Course gives. You'll get practice 
installing front -end channel selector 
strips in modern UHF -VHF receivers. 
You learn UHF servicing problems and 
their solution. Mail the coupon now. 
Discover hnw NRI's new course in 
PROFESSIONAL TELEVISION SERVIC- 
ING meets the needs of the man who 
wants to get ahead in TV Servicing. 

Not for Beginners 
If you have some knowledge of Radio - 
TV fundamentals, or have had some Ra- 
dio Shop experience 
or some Radio school 
training, this course 
IS FOR YOU. Mall 
coupon today. Ad- 
dress: National Ra- 
dio Institute, Dept. 
5J114T. 16th & U. 
Sts., N.W.. Wash- 
ington 9. D.C. 

MAIL 

NOW 

Name Age.... 

Address 

City Zone... State 
I APPROVED MEMBER NATIONAL HOME STUDY COUNCIL 
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Electronics r 
RMAN EISENBERG 

Technical training is the key to many well -paying positions 

NE of the most wonderful things in this 
age of electronics is the new horizon 

in well -paying careers that has been cre- 
ated. Man's control and use of the tiny, 
invisible source of energy has produced in- 
novations, conveniences, and advances in 
every field of human endeavor. Electronic 
applications save lives, produce food, build 
houses and roads, provide entertainment 
and communication for the entire world. 

But in addition to the far -reaching influ- 
ence electronics has had on our lives, it 
has also provided many with fruitful em- 
ployment and a better standard of living. 
The technology and applications of the 
constantly increasing number of subdivi- 
sions of the over -all "field of electronics" 
embrace numerous occupations -from 
prospecting for uranium to sending mes- 
sages from a shipboard radio shack; from 
stringing telephone wires across a desert 
to writing technical reports; from hunting 
disease virus with an electron microscope 
to selling components across a store coun- 
ter. 

The figures attesting to this widespread 
activity are staggering. In 1953, we as a 
nation consumed more than 500 billion 
September, 1955 

kilowatt hours of electrical energy. In 
1954, the number of persons employed by 
the radio -television industry alone reached 
about 700,000. There were 1,100,800 per- 
sons employed in the electrical machinery 
industry as of April, 1955, and another 
709,000 in telephone and telegraphy jobs. 
These figures do not begin to describe the 
armies of personnel employed in industrial 
electronics -from top flight engineers to 
assembly line solderers. They do not take 
into account the multitudes who make 
their living through various services con- 
nected with electronics, such as teaching, 
selling, advertising, and editing magazines! 

In radio and television, the total money 
spent in this country on home sets, broad- 
casting time, talent, accessories, phono 
records, repairs, and labor costs reached 
-for 1954 -the fabulous figure of $4,936,- 
400,000! 

And all signs point to increases in both 
money spent and people employed for many 
years to come. 

To select a career in electronics would, 
it, seems, prove a wise choice for any man, 
and indeed, for many women as well. As 
one industrialist has put it, there are vir- 
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Scene in the television section of DeVry Technical Institute's laboratories in Chicago, 
where students receive valuable practical experience working on standard home TV sets. 

tually no restrictions on how far a person 
can go in the field. Many who start as 
tracers in the drafting department of a 
large firm end up as design engineers - 
while still young enough to enjoy their in- 
creased incomes. Others who start by 
soldering pigtail leads on an assembly line 
evolve to foremanships. In a surprising 
number of cases, the line dividing the "en- 
gineer" from the "non- engineer" vanishes 
completely -many supervisory technical 
jobs are held by persons who do not have 
engineering degrees. 

There is really one basic requirement, 
and it prevails at all levels and in all types 
of jobs in electronics. That requirement is 
-education. 

Education Required 

In the electronics industry, it is per- 
haps truer than in any other field that 
there is no substitute for sound training. 
Job experience is, of course, extremely im- 
portant -but it is not worth more than 
equivalent schooling. In some cases, the 
schooling is worth more. A representative 
of the Reeves Instrument Corp. of New 
York City has pointed out that a person 
may work for 18 months on a job and be 
less valuable than another who has had 
six months of electronic schooling. If the 
job consisted of the same operation on the 
same piece of equipment, the former man 
would actually know less after 18 months 
than the trainee would after six months of 
training in the theory and diverse applica- 
tions of electronics. 

And the training does not necessarily in- 

30 

volve a formal engineering degree. At 
Reeves, for example, out of several thou- 
sand personnel, about 25% are in the engi- 
neering division. Of this number, about 
33% hold engineering degrees. But not all 
the top level and high -paying jobs are held 
by members of this group. The remaining 
personnel include people in lab work, draft- 
ing, planning, testing, and clerical positions. 
Many of these people, who have acquired 
years of practical experience in the elec- 
tronic arts, earn pay equal to-and some- 
times more than -that of degree -holders. 
These individuals combine outstanding 
ability with technical know -how and /or 
training to make better jobs for them- 
selves. A significant number in this latter 
group are classified by the company as 
project engineers, positions which involve 
supervising many people, including those 
with degrees. 

This is not to say that in all situations 
it is better not to have a degree than to 
have one. These figures do point up the 
fact that the key to a good -paying job is 
basically how much a person knows. 

While "on the job" may be a good place to 
learn how and what to do, it may not often 
be the best situation in which to learn the 
"why" of what is going on. And in electron- 
ics, understanding theory -or the "why" - 
is of paramount importance. As a spokes- 
man for RCA Institutes (N.Y.C.) stated : "It 
is generally just as important for an elec- 
tronics technician to understand why a cir- 
cuit behaves in a particular manner as it 
is for him to know how to wire it up." 

The training needed to "get in" and to 
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series of carefully planned lessons and spe- 
çially designed equipment for use at home 
at his own convenience. 

Home -study courses permit the trainee 
to relate his studies to his own work or 
job in a very direct way. His work is exam- 
ined and graded, and suggestions offered, 
in much the same way as is the resident 
trainee's. Certificates and diplomas -in 
either case -are issued upon successful 
completion of a course. 

As far as industry is concerned, it ap- 
pears to make little or no difference in 
what manner a man has received his train- 
ing. With few exceptions, the home -study 
method and the resident method are re- 
garded with equal enthusiasm and favor 
when a man is evaluated for most jobs. 
The exceptions might be certain types of 
jobs in which the resident school graduate 
with some working experience in a school 
laboratory would be preferred to the tech- 
nician with only home -study training. Many 
resident schools have gone to great lengths 
to simulate broadcasting studios, with pro- 

Trainee (above) makes ad- 
justments in broadcast 
transmitter installed under 
simulated operating condi- 
tions at RCA Institutes, 
N. Y. C. Complex profes- 
sional equipment such as 
this is best mastered under 
supervised training avail- 
able at resident schools. 
Right, sex is no barrier 
in electronics. TV receiver 
construction and servicing 
may be learned in resident 
schools or by home -study. 

reach the top is readily available from a 
number of qualified schools located in most 
parts of the U. S. and Canada. Courses 
covering all phases of electronics from sim- 
ple a.c. -d.c. theory to advanced radar can 
provide training to suit any need. 

Courses are available on a resident or 
correspondence basis. The former involves 
actual attendance at the school, becoming 
part of a class of other trainees, attending 
lectures, demonstrations, working in lab- 
oratories, using first -class equipment, and 
receiving the benefit of personal instruc- 
tion from seasoned electronics technicians. 
The correspondence course, also known as 
home -study, provides the trainee with a 
September, 1955 

fessional operating consoles, etc. Others 
have real shipboard radio shacks. At least 
one school -the Philadelphia Wireless 
Technical Institute -is rapidly becoming 
known for its courses in radar operation 
and maintenance. These are specialized 
phases of the electronics field that are best 
learned at resident schools. 

On the other hand, the challenge of the 
correspondence course is often regarded by 
industry as the measure of a student, and 
an indication of his willingness to get 
ahead. The chance to experiment and to 
profit by trial and error is a little more in 
favor of the home -study trainee. This is 
especially true of the student who receives 
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a complete laboratory, or who can purchase 
one as part of his correspondence course. 
Most correspondence schools consider these 
points, and follow through with genuine 
equipment designed to train the student in 
truly professional techniques. 

Training costs are generally fair and 
reasonable -in both types of training -con- 
sidering what the schools offer and what 
advancement the training can bring to the 
student. In most cases, the cost is deter- 
mined by the length and complexity of the 
course, rather than by the method of study 
chosen. 

In other words, it is not necessarily 
cheaper to take a home -study course rather 
than a resident course, although it is ob- 
vious that only those who can devote a 
good portion of their daily time to it should 
enroll in a resident course. In addition, 
most schools make it easy on the trainee 
by permitting payment over a period of 
time, so that the student need not pay out 
a few hundred dollars at once. 

Counseling and Placement 
Contact with the school does not always 

end upon completion of training. Schools 
do find jobs for their graduates. School 
heads are well acquainted personally with 
various key figures in the electronics field. 
In addition, schools maintain special de- 
partments which serve as counseling and 
guidance bureaus and inform trainees of 
job openings. You are not only advised as 
to the kind of job you are best suited for, 
but more often than not will be steered 
directly to the job. 

Of telling significance is the fact that 
industrial leaders constantly request new 
personnel from the school enrollees. Per- 
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"Dynamic demonstrator" is wide- 
ly used teaching aid. This class 
is studying color television at 
Capitol Radio Engineering Insti- 
tute, Washington, D. C. Schools 
use many advanced devices to 
enhance instruction. Some send 
movies to home -study trainees. 

sonal visits and letters from heads of com- 
panies to the school requesting new job 
applicants are quite common. In addition, 
many companies -upon hiring a new man 
-will recommend that he continue his 
training, either at home or by attending 
classes, and will follow up favorably with 
advancement as the employee broadens his 
own knowledge of the field. 

Another service offered by schools is in 
the form of special publications. Available to 
trainees, these bulletins and brochures con- 
tain information important to people in 
electronics. For example, the Cleveland 
Institute of Radio Electronics issues bro- 
chures on mobile radio servicing, FCC li- 
cense exams, and job news. Other schools 
issue literature of comparable merit. Cata- 
logs describing courses are carefully 
planned to provide complete course infor- 
mation as well as to provide intelligent aid 
for the newcomer in selecting a program 
of study. 

The professional status and recognition 
accorded these schools are typified by the 
close cooperation between them and pro- 
fessional associations. The Central Techni- 
cal Institute of Kansas City, Mo., is one 
of several schools accorded approval of 
the Institute of Radio Engineers. 

There are, at present, over a score of 
technical schools offering a wide variety 
of courses. Many have provision for both 
home -study and residence training. Some 
specialize in one method or the other. All 
offer certificates or diplomas. And some 
are authorized to award engineering de- 
grees to students who have studied the 
required mathematics and advanced tech- 
nical courses. 

(Continued on page 98) 
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Above, students working in trans- 
mitter laboratory of Central Tech- 
nical Institute, Kansas City. Mo. 
Overhead may be seen special di- 
pole antetna used in experiments. 

Telecasting class at National 
Schools, Los Angeles. Imitating 
exact procedures used at commer- 
cial studios, trainees operate 
latest video and audio equipment. 

TV studio production group at 
Central learns telecasting tech- 
niques. Small class receives 
benefit of personal instruction. 

Final check on home -built set 
is made by student taking home - 
study course given by International 
Correspondence Schools, Scranton, 
Pa. Previously, the trainee had con- 
structed the multi- tester he now 
uses for checking resistances. Signal 
generator at far right was also built. 
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KILOVOLT 
NUCLEAR 

BATTERY 

Atomic age miracle will supply 

a steady voltage for 25 years 

AWASTE product of nuclear fission has 
been converted to usable electrical 

energy in the "nuclear battery," newest 
power source of the "atomic age." Devel- 
oped by the Patterson, Moos Research, Di- 
vision, Universal Winding Co., Inc., Jamai- 
ca, N. Y., one model of the new energy 
source weighs only seven ounces, but can 
furnish a pressure of 8000 volts throughout 
an operating life of 25 years! 

Heart of the nuclear battery is a "sand- 
wich" of strontium -90 enclosed between 
two dielectrics. Strontium -90 is obtained 
as a by- product of nuclear fission. This 
"waste" liquid is treated by ' a process 
whereby the liquid is evaporated, leaving 
a suitable deposit for use in the battery. 
Beta particles emitted by strontium -90 are 
the source of the electrical energy. The 
hazard of radioactive contamination neces- 
sitates the extreme caution and specially 
designed equipment used in fabricating the 
battery. Once the sandwich is heat -sealed 
within its metal case, this danger no longer 
exists. One "hot" voltage lead extends 
from inside the sandwich, and the case 
itself is "ground." 

The electrical energy of the battery var- 
ies with the amount of radiation energy. 
Present models may use up to 500 milli - 
curies of radiation to provide pressures as 
high as 10,000 volts. 

In addition to its long "shelf- life," the 
battery has been found to function without 
much regard for temperature extremes, al- 
though at very high temperatures the equi- 

Nuclear batteries compared in size with or- 
dinary flashlight cell. Top unit has taps 
for 1, 10, 100, and 1000 volts. Small unit, 
"baby" of family, puts out steady 375 volts. 

librium voltage of an 8000 -volt unit may 
drop to 4000 volts. Since anticipated uses 
of such a unit will not require more than 
perhaps 1500 volts, this drop presents no 
real problem. 

Suggested uses of the nuclear battery in- 
volve circuits which require a high -voltage, 
ultra- minute current source. Such appli- 
cations as charging an ionization chamber, 
charging capacitors, and energizing radio- 
active instruments have been suggested. 
Since one of the battery's characteristics is 
an ability to build up a high voltage with a 
high degree of linearity, its use in timing 
circuits is foreseen. As a "trigger" to acti- 
vate other circuits, it could be employed 
in alarm systems. Various types of control 
circuits, as well as transistor power sup- 
plies, could utilize the battery. It might 
also serve as a constant current or constant 
voltage reference source. 

At present, three models are available : 
(1) Model MP -10 is a multiple voltage 
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source, with taps for 1, 10, 100, and 1000 
volts- current capacity is 2 X 10 -9 amperes 
(2000 micromicroamperes); (2) Model P -10 
is a miniature unit, measuring only 13 ¡6" 
by % " -this tiny "powerhouse" furnishes 
375 volts at 50 micromicroamperes; (3) the 
most powerful model is the H -10, capable 
of supplying 10,000 volts at 500 micromicro- 
amperes- despite its high output, this unit 
measures a mere 2 %" by % ". 

First conceived by Mr. Stanley Wallack, 
Director of Physical Research at Patterson, 
Moos, the nuclear battery has been under 
development for three and a half years. 
Associated with Mr. Wallack in producing 
the battery in its present predictable and 
usable form is Harry C. Lieb, Directo of 
Chemical Research. Dr. Anthony Maos 
heads the organization from whose many 
engineering laboratories may evolve new 
developments even more remarkable than 
the nuclear battery. _30_ 

Above radiation lab 
technicians handle ra- 
dioactive isotopes in 
manufacture of nu- 
clear battery. Right, 
the battery is used as 
a "trigger." Flashing 
of the lamp indicates 
that battery has acti- 
vated a thyra +ran -con 
trolled power supply. 
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voltage and current 
oatput of the nuclear 
battery are measured 
by technicians. Oscil- 
lcscopes and various 
meters are used. This 
is only one of a series 
o' many critical tests. 
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Most table model radios 
use a loop antenna sim- 
ilar to the one shown 
above. Directional 
characteristics can be 
avoided by replacing it 
with an antenna using a 
ferromagnetic core. 

Non -directional antenna 

is easy to install and 

can revive that old set 

for hours of listening 

By E. D. MORGAN 

72eu riletrefueta 

Pod viz ou Radio. 

MOST broadcast receivers today use built- 
in loop antennas. While superior to the 

outdoor wires of years ago, the loop has one 
major drawback: its sensitivity to the di- 
rection of the transmitter. Thus, when using 
a loop antenna, best reception is possible 
only by reorienting the receiver for each 
new station tuned in. 

This difficulty is solved by a new type 
of antenna with no directional effects. Us- 
ing a specially designed ferromagnetic core 
material, this antenna is extremely com- 
pact, has high sensitivity, is quite inexpen- 
sive, and is easily installed. 

A mounting bracket, included with the 
antenna, enables it to be located in any 
position. Suggested mountings are shown in 
the accompanying photographs. Only a few 
connections and adjustments are needed. 

The ground and antenna leads of the 
receiver are removed from the old loop and 
connected to the new antenna. The an- 

Two types of the new ferromagnetic non -di- 
rectional antenna are shown here. The unit 
at the top is sold under the trade name of 
"Walsco- Loop "; its core is screwdriver ad- 
justed. The unit at the bottom is the "Su- 
perex Energized Ferri-Loopstick"; its core 
is adjusted by hand. Despite these minor 
differences, both are installed and used in 
much the same way. Cost is less than $1.00. 
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tenna lead should be connected with the 
short length of wire already fastened to the 
new unit. This wire must not be grounded 
or coiled, but extended away from the chas- 
sis. A simple solution is to tape or other- 
wise fasten it to the inside of the cabinet. 
A length of insulated "spaghetti" tubing 
slipped over this wire will prevent its con- 
tacting any part of the chassis. 

Once mounted, the antenna is easily 
tuned. The radio is tuned to a station near 
the center of the broadcast band, and the 
core of the antenna is then adjusted for 
maximum loudness. It should be adjusted 
gently -by hand or by a non -metallic screw- 
driver- depending on the type of unit used. 

The set will usually track perfectly after 
this adjustment has been made. If it does 
not, tune to a high frequency station and 
adjust the r.f. trimmer capacitor for maxi- 
mum loudness. This adjustment is made 
by slowly rotating the screw located on the 
side near the bottom of the r.f. tuning ca- 
pacitor. The larger set of plates tunes the 
r.f. section; the smaller plates tune the lo- 
cal oscillator. 

In fringe areas, the addition of an extra 
six feet or more of wire to the antenna 
lead will generally improve reception. If 
any extra wire is added, the core will have 
to be readjusted for best results. - - 

One way of mounting the ferromagnetic an- 
tenna is shown above. The metal bracket 
can be bent into an L -shape and mounted on 
the inside of the cabinet. Two small wood 
screws will hold it securely. The extra wire 
coiled around the new antenna should be 
unwound and extended away from chassis. 

The antenna above was mounted by fasten. 
ing its bracket to the chassis. Extra wire 
has been enclosed in spaghetti tubing, held 
by a tack to other side of the cabinet. 

Antenna at right was mounted by fastening 
the bracket to the side frame of the ra- 
dio's tuning capacitor. Mounting close to 
variable capacitor may improve reception. 
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TRANSOCEANIC CABLE 

New cable includes over 100 

amplifiers to carry 36 voice 

conversations; will assist 

radio circuits during storms 

NE HALF of the world's first trans- 
oceanic telephone cable, spanning the 

Atlantic between Newfoundland and 
Scotland, is expected to be laid by the 
end of this month. Work, which began 

June 22 and can proceed only during sum- 
mer months, is scheduled for completion in 
1956, with service established late that 
year. The cable is a joint undertaking of 
the American Telephone and Telegraph 
Co., the British Post Office, and the Cana- 
dian Overseas Telecommunication Corp. 

Telephone service between America and 
Europe will be vastly improved by the 
cable. Present telephone facilities, estab- 
lished in 1927, use radio carrier waves. 
Existing undersea cables, the first of which 
was laid in 1866, are for telegraphy only. 
When completed, the new cable will permit 
direct line voice transmission across the 
Atlantic. The system, whose bandwidth is 
wider than any yet developed for under- 

View forward of the cable -laying ship "Monarch" as it prepares to pay out 
the shore -end segments. The ship has similar equipment mounted on the 
afterdeck for paying out cable in deep water. At right is a marker buoy. 
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"HMTS Monarch" is world's largest cable -laying ship. Note at the bow the 
sheaves over which the shore -end cables will pass. Drawn below is a map 
of the cable route also showing the microwave relay links at the west end. 
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water transmission, will handle up to 36 
conversations at one time. This almost 
triples the present radiotelephone capacity. 
Two cables form the links : one carries sig- 
nals eastward; the other, westward. 

Each Amplifier Uses Three Tubes 

Electronic "heart" of the system is the 
series of 52 amplifiers or "repeaters" built 
into each cable. Spaced about 40 miles 
apart along the ocean bottom, each ampli- 
fier uses three electron tubes of special de- 
sign, powered by regulated current sent 
over the cable itself. Gain of each repeater 
is 1,000,000. Repeaters are expected to 
function without the need for maintenance 
for a period of 20 years, 

Each repeater is built inside a flexible 
housing which is designed to approximate 
a piece of cable. Consequently, it can be 
spliced into the cable and "paid out" by 
the cable ship as it lays regular cable 

40 

The deep sea amplifiers 
were assembled under 
exacting laboratory con- 
ditions by the Western 
Electric Co. In this op- 
eration, the technician is 
drilling precise holes to 
mount the 60 components. 

lengths. Each repeater consists of an 8' 
center section about 2.8" in diameter, ta- 
pering over a distance of about 20' at each 
end to the cable diameter. The armor of 
the cable itself is continued over the re- 
peater housing. 

To obtain necessary flexibility, the more 
than 60 components in each repeater are 
mounted in a series of 17 Lucite cylinders. 
These cylinders are surrounded by two 
layers of steel rings designed to withstand 
sea -bottom pressure of about 6000 pounds 
per square inch. Additional metal armor- 
ing and watertight seals at each end com- 
plete the repeater housing. 

The task of laying the cable has fallen to 
the officers and men of the HMTS Mon- 
arch. Owned by the British Post Office, 
the Monarch is the world's largest cable - 
laying ship, with a crew of 130 and a ca- 
pacity to carry 1800 nautical miles of deep - 
sea cable. While laying cable, the Monarch 

Cable diameters vary ac- 
cording to requirements. 
Near the shore line, the 
cable needs greater pro- 
tection (see cable at left). 
At the right is the cable 
used in the deep water 
passages. Intermediate 
diameters are used 
at other depths. The 
largest is about 21/2", the 
smallest just under 1 ". 
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steams at about six knots. In other words, 
about six nautical miles of cable per hour 
will be laid. The cable is unwound and fed 
out by electrical winches from drums in 
the ship's huge storage tanks, and is low- 
ered into the water over guiding sheaves. 

The cable is laid in three segments. The 
shore end, which is more heavily armored 
than the deep -sea section, is "paid out" 
between Clarenville, Newfoundland, and 
the edge of the American continental shelf, 

FACTS AND FIGURES 
The total length of the new cable is 1950 

nautical (or 2250 statute) miles. Having an 

outer diameter of about 11/4 inches, it weighs 

1 pound per foot. Laying the cable will take 

approximately 300 men a little less than two 

years. 

Each repeater, of which 104 will be used, 

requires a full year to manufacture at a cost 

of $70,000. Once installed, a repeater, which 

has a gain of 1,000,000, is expected to pro- 
vide trouble -free amplification for 20 years. 

Should the cable be lifted and relaid (for 
repairs, etc.), it will cost $250,000. 

Over -all cost of the entire project is $40,- 
000,000. American Telephone and Tele- 
graph Company will have one -half ownership 
interest. Of the remaining half, the British 
Post Office retains a 41% ownership, and 
the Canadian Overseas Telecommunication 
Corp., 9 %. 

The deep -sea cable is manufactured by The 
Simplex Wire and Cable Co. of Cambridge, 
Mass., and by Submarine Cables, Ltd. of 
Greenwich, England. Repeaters are being 
made by the Western Electric Co. in a Hill- 
side, N. J., plant, utilizing tubes designed by 
the Bell Telephone Laboratories. 

a distance of about 200 miles. Of lighter 
design, the second segment will extend the 
cable to a point some 500 miles off Scot- 
land. The third bridges the remaining dis- 
tance to Oban, on the west coast of Scot- 
land about 60 miles from Glasgow. 

Core of the cable is a flexible copper 
tube about 5 /s" in diameter containing a 
single concentric conductor surrounded by 
polyethelene. With the addition of protec- 
tive coverings of jute and armoring wire, 
the over -all diameter of the cable reaches 
about 114". 

The system originates with the Bell Sys- 
tem's U. S. telephone network in Portland, 
Maine. From here, a microwave radio re- 
lay route takes over for the 575 -mile 
September. 1955 

To insure that the repeaters are waterproof, 
technicians employ radioactive solutions 
and hunt for leaks with Geiger counters. 
Hundreds of tests were made on the repeat- 
ers since they cannot be easily replaced 
once the cable is at the bottom of the ocean. 

stretch to Nova Scotia. From Sydney 
Mines, N. S., a single cable carries the cir- 
cuits through the waters of Fortune Bay 
and across Newfoundland to Clarenville. 
From Clarenville, the dep-sea cable takes 
over. 

This system will assist radio circuits in 
handling voice communication traffic be- 
tween Europe and North America. Al- 
though subject to minor disturbances, the 
cable will not completely lose communica- 
tion like the radio circuits during iono- 

30 spheric storms. 

Protected with layers of armor, the cable was 
temporarily stored in this giant tank of the 
Simplex Wire and Cable plant, Newington, 
N. H. This portion of the cable is now aboard 
the "HMTS Monarch" for deep -sea laying. 



Kit Builds "Bubble" Lamp 
AN INFLATABLE LAMP that hangs from the 

ceiling may be assembled from a kit dis- 
tributed by Carradan Associates, 154 E. 
Erie St., Chicago 11, Ill. Made of translu- 

cent "Krene" plastic, the lamp can be 
raised or lowered to any desired position. 

The assembled lamp weighs less than two 
pounds. Ordinary lung power, or air from 
a bicycle pump, inflates the plastic shade 
until it is about 20 inches in diameter and 
about 10 inches deep. A suspension cord, 
tied to the wire fixture frame, loops over 
the small hook which is screwed into the 
ceiling and runs back down through the 
center hole. The lamp cord contains a small 
switch. Pulling on the suspension cord 
raises the lamp; pulling on the lamp cord 
lowers it. 

The complete kit, containing the inflata- 
ble shade, bulb fixture, suspension and lamp 
cords, hook, and instructions, retails for 
$14.95 at department stores and "contem- 
porary shops." 30 

Mounting Post Aids Wiring 
CALLED THE "TOTE -M- POLE," a small jig acts 

as a mounting support for such components 
as resistors, capacitors, and transistors at 

their operating point. Critical leads of grid 
suppressor resistors, for example, can be 
reduced to pigtails. Some users report as 
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much as five feet of wire saved for each 
"Tote -m- pole" used in underchassis assem- 
blies. 

The "Tote -m- pole" is mounted with a 
single hole. It can be reused many times 
for model mock -up. For additional informa- 
tion, write to the manufacturer, Sangamo 
Electric Co., Springfield, Ill. 30 

Device Signals Bath Is Ready 
EVER WISH AN ALARM would sound before 

your bath water gets too high ? A "Sunday 
inventor" has come up with an inexpensive, 
pint -size gadget that rings a bell when the 
water reaches the desired height in a bath- 
tub. The device, still an experimental 
novelty, came to light in a contest held by 

FAUCET 
BATH 
TUB 

_.SOAP DISH 

BATTERT 

MICRO 
SWITCH 

4a ai 4J,. ! SWITCH 

ADJUSTABLE 
LENGTH ROO 

COPPER 
FLOAT BAU. 

) 

Minneapolis- Honeywell's Micro Switch divi- 
sion, and is not available on the market. 

A small ball float is mounted on a rod 
adjustable in height. When the water gets 
too high, the float actuates a small switch 
and the switch sounds a bell. The whole 
gadget is attached to an old soap dish that 
hangs on the inside of the tub. I 

There's no electric -shock hazard either. 
The bell operates on a tiny battery, and has 
no connection with the house current. 30 

Britain's First Commercial TV 
BRITAIN'S FIRST independent, commercial 

television station begins operation Septem- 
ber 22. Serving the London area (in which 
there are about 10 million people), the sta- 
tion will sell advertising time -but not in 
the same way as U. S. stations. 

A complete program will resemble the 
format of a magazine; it will include news 
and entertainment, with time available for 
advertisers. No advertiser, however, may 
sponsor an entire show. "Commercials," 
not to exceed six minutes an hour, may be 
inserted only at the beginning or end of a 
program. 

Up to now, all television in Britain has 
been sponsored by the British Broadcasting 
Corp., a government- financed, non -com- 
mercial organization. 30 
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SINE -WAVE 
By LOUIS E. GARNER, JR. 

How to build a pocket -sized 

test instrument which will 
accurately check operation 

of various audio devices 

GENERALLY speaking, electronic test 
equipment intended for service and ex- 

perimental work should be reliable, com- 
pact and easy to operate. Transistors are 
ideally suited to the design of this type 
of test equipment. 

One item of transistorized test equip- 
ment is the pocket -sized a.f. signal genera- 
tor shown in Fig. 1. Such a generator can 
be a valuable test instrument in the hands 
of the experimenter or technician. With it, 
he can service and check the operation of 
p.a. systems, phonograph amplifiers, inter- 
com systems, and the audio sections of 
auto sets, home radios, and portables. 

Nor has performance been sacrificed in 
obtaining the small size shown. The instru- 
ment not only gives an almost perfect sine 
wave (an actual photograph of the output 
signal is shown above), but delivers a sig- 
nal of sufficient amplitude for virtually all 
normal work. 

Circuit Description 
The basic circuit consists of a single 

CK722 transistor used as an oscillator fol - 
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GENERATOR 
lowed by another transistor as a buffer 
amplifier. Use of a "buffer" stage mini- 
mizes the effect of external loads on the 
output frequency, amplitude or waveform. 
"Grounded- emitter" circuits are used in 
both stages to permit the use of a single 
battery in the power supply. 

Audio operating frequency is determined 
by the sizes of CH1, Cl and C2. The ratio 
of Cl to C2 is chosen to permit matching 
the high collector- emitter impedance to the 
low base -emitter impedance. Hence, C2 is 
approximately ten times larger than Ci. 
The emitter is connected to the juncture 
of these two capacitors. 

Resistors R2 and R3 serve to prevent 
shorting the "base" side of the tuned cir- 
cuit through the low impedance of the 
power supply. These two resistors also 
form a voltage divider to provide a low - 
impedance output signal tap. The audio 
signal appearing across R3 is applied to the 
base of the second CK722 through coupling 
capacitor C3. 

Power for the entire circuit is supplied 
by a single 15 -volt hearing -aid type bat- 
tery, Bi, controlled by s.p.s.t. switch Si. 
In order to save space, the power switch is 
mounted on the output control. 

In the author's model, a d.p.s.t. switch, 
rather than a s.p.s.t. unit, is used so that 
the extra terminals may be employed as 
"tie points." The entire circuit has been 
assembled inside a small Bud Minibox, 
which serves both as "chassis" and "cabi- 
net." 

Choke CH1 is a small output transformer 
salvaged from a "personal portable" re- 
ceiver; only the primary (high -impedance) 
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AUDIO SIG GEN 

Above- chassis and under -chassis views 
of the transistorized audio signal gen- 
erator. This unit gives an almost per- 
fect sine wave of sufficient amplitude 
for virtually all normal work. It may 
be used for nearly every applica- 
tion in which a conventional vacuum 
tube generator might be employed. 

winding is used. Almost any small iron - 
core choke will operate in this circuit. The 
author has tried units from broadcast re- 
ceivers and various replacement filter 
chokes or output transformers. In most 
cases, the only change in operation was in 
the output frequency. In a few rare cases, 
it was found necessary to change either the 
ratio of C1 -C2 or to adjust the size of Rl in 
order to obtain a good quality sine wave. 

If the transistors are to be soldered in 
place, special care must be exercised to 
avoid heat damage. The leads should be 
left at least 1" long and the soldering 
should be completed as quickly as possible. 
Use a hot and well- tinned iron. 

Adjustment and Operation 

Once the wiring is completed, the in- 
strument should be checked for operation 
by using an oscilloscope to observe the 
output signal. If no signal can be ob- 
tained, it probably means that the oscil- 
lator stage is not functioning properly. 

In such a case, carefully recheck all wir- 
ing. Look out especially for "cold" soldered 
joints, defective parts, and actual wiring 
errors. If oscillation still cannot be ob- 
tained, try interchanging the "oscillator" 
and "buffer amplifier" transistors. In ex- 
treme cases, it may be necessary to change 
the ratio of Cl -C2. 

On the other hand, if a signal is obtained 
which is not a sine wave, try adjusting the 
value of Rl. Again in extreme cases it may 
be necessary to vary the ratio of Cl -C2. 

As mentioned previously, the frequency 
of operation depends on the values of 
CH1, Cl and C2. For most test work, the 
exact frequency of operation is not too im- 
portant so long as it falls within the middle 
audio range -from about 300 to about 3000 
cps. In the author's model, the operating 
frequency was approximately 1250 cps. 
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Should the builder wish a lower frequen- 
cy, the size of Cl and C2 may be increased, 
maintaining approximately the same ratio. 
For a higher frequency, reduce the values 
of Cl and C2, again maintaining the proper 
ratio. 

The transistorized audio signal generator 
may be used in almost every application 
where a conventional (vacuum tube) gen- 
erator might be employed. A few typical 
applications are listed below. In each case, 
the techniques described may be applied 
equally well to p.a. amplifiers, intercom 
circuits, phonograph amplifiers, or the 
audio section of a broadcast or short -wave 
receiver. 

Signal Injection Tests: Where an ampli- 
fier is "dead" or "very weak," the tran- 
sistor audio signal generator is used to in- 
ject a signal at the input of each stage, 
starting with the output stages and work- 
ing back, stage -by- stage, towards the pre- 
amplifier. The output signal may be heard 
in the loudspeaker, observed on an oscillo- 
scope screen, or measured using an a.c. 
v.t.v.m. or output meter. The point at 
which the output signal first disappears 
indicates the defective stage. Routine volt- 
age and resistance tests in that stage will 
generally permit the trouble to be isolated 
to a specific part. 

A coupling capacitor may be easily 
POPULAR ELECTRONICS 



checked for an "open" using this technique. 
Simply "inject" the audio signal on each 
side of the capacitor and note the results 
obtained. If the signal dissappears on the 
"input" side of the capacitor, a replace- 
ment is indicated. 

Gain Tests: Where an amplifier is "weak" 
rather than "dead," the transistor audio 
signal generator may still be used to iso- 
late the defect to a specific stage (or 
stages). The audio signal is applied to each 
stage of the amplifier, in order, and the 
output and input signals to the stage 
measured, using an oscilloscope or a.c. 
v.t.v.m. By comparing the two signal 
levels, the gain of the stage is immediately 
determined, and "weak" stages are effec- 
tively isolated. 

Distortion Tests: Since the transistorized 
audio signal generator supplies a good 
quality sine wave, the instrument may be 
used for general distortion tests. The audio 
signal is applied to the suspected stage 
and the appearance of the output observed 
on the screen of an oscilloscope. If the 
positive half -cycle of the applied sine wave 
has been flattened, it generally indicates 
either insufficient bias, a weak tube, or low 
screen or plate voltages. If the negative 
half -cycle of the applied signal has been 
flattened, it generally indicates excessive 
bias. HI_ 

CK722 
VI 

R4K 5P5T el 

IN 
R3 

ll'IlI 15V BATTERY 

B1 -15 v. hearing -aid battery 'Burgess U -]01 
CI -.01 pfd. paper capacitor 
C2 -.1 Aid. paper capacitor 
C3 -.5 pfd. "metalized" paper capacitor 
C4-.25 pfd. "metalized" paper capacitor 
CHI -Small choke or output transformer (see text) 
R1- 15,000 ohm, t/2 w. carbon resistor 
R2- 10,000 ohm, 1/2 w. carbon resistor 
R3 -1000 ohm, V2 w. carbon resistor 
R4- 68,000 ohm, t/2 w. carbon resistor 
55 -5000 -ohm carbon potentiometer 
S1- S.p.s.t. switch (on R5) 
VI, V2 -P -n -p junction transistor (Raytheon CK722) 1- Cabinet (Bud CU -3001 Minibox) 
Misc.-Binding posts, hardware, small knob, 

solder, wire 

25 v1A 

5K C4 
R5 á 

J 

Fig. 1 (above) is a wiring schematic of the 
signal generator. A pictorial diagram show- 
ing the various components is given below. 

INSULATED 
FROM 
CHASSIS 
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TRANSISTORIZED 
TELEPHONE PICKUP 

By GEORGE BERRY 

AN "AUDIENCE" at one end of a tele- 
phone conversation is often desirable. 

However, telephone company rules forbid 
connecting external devices to their lines 
since such devices can impair line balance 
and ringer operation. The solution to this 
problem is to use an induction pickup. 

The little gadget to be described here 
consists of a home -made pickup coil, taped 

to the outside of the telephone wall box, 
plus a small transistor amplifier and a pair 
of headphones. Headphones enable a third 
person to hear both ends of the conversa- 
tion. 

The transistor circuit is conventional and 
requires no hard -to -get parts. The ampli- 
fier was built in a standard 2,4 " x 21/4 x 4" 
"Flexi- Mount" aluminum box. As shown in 

Pictorial diagram of the transistorized pickup showing location of various components. 
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Completed telephone pickup consists of a 
home -made pickup coil, small transistor 
amplifier and headphones. Pickup coil is 
taped to outside of a telephone wall box. 

the photographs, the circuitry is mounted 
on a card of Y /16" Bakelite with nine eyelet 
lugs riveted in for the tie points. Any 
handy type of construction will work. Lay- 
out is not critical and shielding is not 
necessary. The power supply consists of 
four "Penlite" batteries, wrapped with tape 
and placed in the right -hand corner of the 
case. 

Solder the transistor leads only after all 
other connections have been soldered to 
their terminals. Leave the leads full length, 
hold them an inch back from the end, and 
solder quickly with a hot clean iron. If 
soldering is done properly, the fingers 
won't feel the heat. Excess heat will ruin 
transistors. 

On desk -type phones without a wall box, 
signal pickup is not as good but still usable. 
A thin, flat, doughnut- shaped coil of about 
360 turns of No. 30 "Formex" or similar 
wire -four inches in diameter -is better 
here, placed flat against the bottom of the 
phone base. 

In place of the transistor amplifier, any 
audio amplifier having a mike input will 
work with these pickup coils. Use a 200 - 
ohm line -to -grid transformer between coil 
and amplifier input. In fact, a high -im- 
pedance pickup coil can be made by re- 
moving the core from an old interstage 
audio transformer and connecting the sec- 
ondary terminals of the winding directly 

Readers who do not care to wind their own coils may 
find it worthwhile to experiment with the `telephone 
pickup coil" (Catalog No. 99S478) advertised by the 
Allied Radio Corp. This coil would appear to be a 
manufactured duplicate of the unit described in the 
text. It is currently sold for about $4.00. 
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Side views of amplifier with cover removed. 
Layout is not critical, and shielding is 
unnecessary. The conventional transistor 
circuit requires no hard -to -get parts. This 
pickup can be duplicated by the constructor 
for about $10.00. Experimenters may use the 
coil and amplifier for audio induction tests. 

to the mike input. Shunt the coil with a 
270,000 -ohm resistor for better frequency 
response. The magnetic field that such 
coils pick up comes from a small trans- 
former inside the phone box. 

Monitors of this sort are fun as well as 
being useful; but don't abuse other peoples 
privacy, and don't record a conversation 
without permission, or without using equip- 
ment that puts the "beep" signal on the 
line as required by law. 30 

J 
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GND -_7 
TO IO 

2 
K CASE \ IOytd. e BI 0 4.5V 

s 

ó 
R3 

CK722 22K 
VI 

0K 722 
V2 

B2 _ 
1.5V. e`0es .T" 

BI-Three "Penlite" cells (Type K) in series 
f- 

B2 -One "Penlite" cell (Type K) 
C1 -10 Add. electrolytic capacitor, 6 -volt or any 

higher rating 
C2 -0.1 Add. paper capacitor, 100 -volt or any higher 

rating 
11 -Phone jack, open -circuit type 
R1 -4700 ohm, 1/2 -watt resistor 
R2- 10,000 ohm, t /2-watt resistor 
R3- 22,000 ohm, 1/2 -watt resistor 
R4- 100,000 ohm, 11 -watt resistor 
Sl- D.p.s.t. toggle switch 
V1, V2 -Type CK722 transistor 
1- Pickup coil, 650 turns No. 30 enamel wire bunch - 

wound on 11/2" dia. form 
1 -Pair of magnetic headphones, high- impedance 

type (2000 to 8000 ohms) 

Wiring schematic of unit with parts list. 
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The "Radio Add-On" Unit 
By HOMER L. DAVIDSON 

A simple, easy -to -build radio attachment for your TV set 

ATTACH this little gadget to your TV 
set and make your wife or mother 

happy. It will enable her to listen to a 
favorite radio program or news broadcast 
while she is ironing, cleaning, or just get- 
ting the meals ready for the table. The 
"Radio Add -On" can be especially valuable 
to those families who threw away the con- 
sole broadcast receiver when they initially 
purchased a TV, or who have let the small 
radio gradually deteriorate until it is now 
not worth fixing. 

The "Radio Add -On" consists simply of a 
fixed crystal detector, antenna coil, vari- 

35 TURNS 
*28 ENAMEL 

2FT. WIRE 

SOLDERING 
LUG 

FERRITE 
COIL 

IN34 

MALE 
PHONO 
JACK 

able capacitor, and a male phono plug. Use 
a commercial adjustable antenna coil simi- 
lar to the Miller Type 6300. Wind a layer 
of Scotch cellophane tape around the coil, 
and over this wind about 35 turns of No. 
28 enamel wire. Then place another layer 
of tape over this winding so that it will 
not unravel. One of the new coil wires goes 
to the bottom of the ferrite antenna coil 
and the other should be soldered to a long 
lead which serves as the antenna. This lead 
can sometimes be fastened to the antenna 
lead on the TV set for additional signal 
strength. 

The author built his "Add -On" units in 
small plastic cases. The 400 -µµfd. padding 
capacitor was soldered across the ferrite 
coil. Holes were drilled in the side and 
end of the plastic box for the tuning slug 
of the coil and the outside connection to 
the phono plug. Another small hole per- 
mits the "antenna" lead wire to exit from 
the case. 

Tuning the "Add -On" is simplicity in it- 
self. Obviously the unit will only bring 
in one broadcast station after it has been 
preset. Thus, the constructor should select 
the desired station using both tuning ad- 
justments, the slug of the ferrite coil, and 
the 400 -µµfd. padding capacitor. Any sta- 
tion in the standard broadcast band can be 
tuned in using these two controls. Once 
the "Add -On" has been preset, flipping the 
switch on the front of the TV receiver 
from "TV" to "Phono" will immediately 
bring in the station. -El- 

Schematic diagram (top) and photographic 
view showing assembly of the gadget (left) 
which is plugged into a TV set (below). 

,r' ß.. w 0 0 c 0 v { 0, 
i... + 4 0.0 0 0 M R 
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Dimming Fluorescent Lamps 

The "dimming" potentiometer and 
starter switch are mounted in a 
box to provide remote control. 

By H. J. CARTER 

Filament transformers control brilliance of fluorescent tubes 

HE IDEA of dimming is not usually as- 
sociated with fluorescent lighting, yet 

there are many applications for dimmed 
fluorescent light. Background lighting for 
portrait photography, room decoration, and 
display lighting with mixed color lamps are 
typical examples. A fluorescent lamp in 
the living room should be dimmed when 
watching TV. 

To dim a large number of lamps to ex- 
tinction without perceptible steps in in- 
tensity, it is necessary to use a commercial 
circuit with a saturable reactor or thyra- 
tron control. When the number of lamps 
to be controlled is less than ten, use one of 
the inexpensive circuits described in this 
article; they will vary the light intensity 
from maximum down to 10 % of maximum. 

Commercial fluorescent lamp units use 
either a manual starter switch or a glow 
starter, and a special transformer or ballast 
coil. The dimmer circuits do not use these 
components; to convert a lamp fixture for 
dimming, use the manual switch and ballast 
in one of the circuit variations to be de- 
scribed later. 

Circuit Operation 
Fluorescent lamps are similar to neon 

bulbs in their characteristics; both fire at 
at a voltage considerably higher than their 
sustaining voltage; and both are voltage 
regulators, i.e., the the sustaining voltage 
is nearly constant for a wide variation in 
current. Because of its size, a fluorescent 
lamp would seem to require a very much 
larger firing voltage than a neon bulb ex- 
cept that a filament is provided at each end 
of the lamp. 

In normal lamp operation, the filaments 
are heated by applying about ten volts from 
a transformer built into the ballast coil. 
When the lamp conducts, gas ions bombard 
the filaments to maintain their tempera- 
ture; the starter automatically disconnects 
the transformer power. 

A dimmed fluorescent lamp operates 
with reduced current flow. If the current 
is too small, the filament temperature will 
drop to the point where the applied voltage 
is insufficient to sustain the arc, causing 
the lamp to extinguish. The lamp also has 
a tendency to flicker as this point is ap- 
proached. To avoid these effects, the dim- 
mer circuits provide a continuous flow of 
filament current to help maintain filament 
temperature. Filament voltage is not criti- 
cal. 

In the basic dimmer circuit of Fig. 1, 
transformers T2 and T3 supply filament 

Under-chassis view of the remote control unit. 
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R1 -40 ohm, 4 watt potentiometer similar to Mal- 
lory M40RK 

R2 -1 ohm, 5 watt resistor 
SI- Momentary switch, s.p.s.t. similar to H &H 

#3392, normally closed 
TI, T2, T3- Filament transformer, 6.3 volts at 1.5 

amp. secondaries, similar to Triad F14 -X 

Fig. 1. Wiring schematic of basic circuit with 
pictorial shown below. 

power continuously at about half normal 
voltage. Power from T2 also energizes the 
secondary of transformer TZ under control 
of the potentiometer Ri. 

The primary of Ti, the ballast, is con- 
nected so that the voltage induced by the 
T2 secondary is added to the line voltage. 
This added voltage is regulated by varying 
the resistance of R1; at maximum resist- 
ance, the induced voltage is a minimum, 
while at minimum resistance set by the 
fixed current limiting resistor R2, the in- 
duced voltage is maximum. 

Potentiometer resistance is also reflected 
into the primary as a much higher resist- 
ance, so the ballast coil (primary) appears 
to have a variable reactance as RI is varied. 
The combined effect of voltage and react- 
ance change is to vary the lamp current, 
thus varying the light intensity. 

A normally closed switch, Si, is used for 
starting. Momentarily opening Si will pro- 
duce a surge of about 700 volts across the 
primary of Ti, enough to initiate the arc 
current. 

Circuit Modifications 
The dimmer circuit of Fig. 2 is the same 

basic circuit of Fig. 1 except that T2 and T3 
are combined into one transformer. Choice 
of circuit depends upon the cost and avail- 
ability of the transformers. 

Multiple secondary transformer T3, used 
in the circuit of Fig. 3, could be replaced 
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R -40 ohm. 4 watt potentiometer similar to the 

Mallory M4ORK 

R2 -1 ohm, 5 watt resistor 
SI- Momentary switch, s.p.s.t. similar to H &H 

#3392, normally closed 

TI- Filament transformer, 6.3 volts at 1.5 amp. 
secondary 

T2- Filament transformer, two secondaries 5 to 10 

volts at 1.5 amp. each 

Fig. 2. 

with two or three separate transformers if 

they happened to be available, using the 
connections of hig. 1. 40 not combine the 
ballast transformers 'T1 and T2, however, 
because each lamp must be controlled from 
a separate source. No two lamps are iden- 
tical in their firing voltages, so if two were 
connected directly in parallel one would 
conduct first and lower the voltage available 
to the other to prevent it from ever firing. 
Secondaries 1 and 2 of T3 must be con- 
nected to separate lamps. 

Instead of using secondary 3, it is possi- 
ble to employ a separate transformer. If 
a commercial lamp were to be converted 
for dimming, the filament connections on 

the ballast that comes with the lamp could 
supply power to the two filaments shown 
connected to the third secondary of T3. 
Consult the diagram pasted to the lamp 
ballast before connecting the lamps. 

If the lamp to be converted had manual 
switches for starting and stopping, one 
could be used in place of the switch Sl ; 

usually the black button is normally closed, 
so the red button is not used. 

September, 1955 

R1 -35 ohm, 25 watt potentiometer similar to Mal- 

lory 25K35P 
R2 -1 ohm, 5 watt resistor 
SI- Momentary switch, s.p.s.t. similar to H &H 

#3392, normally closed 
T1, T2- Filament transformer, 6.3 volts at 1.5 amp. 

secondaries (see text) 
T3- Filament transformer with three secondaries 

5 to 10 volts, similar to UTC S -72 or Triad F -36A 

(also see text) 

Fig. 3. 

Mount the potentiometer and starter 
switch in a box for remote control. A 3" x 

4" x 6" aluminum box was used here, but 
if the experimenter builds any of the other 
circuits with alternate transformer com- 
binations, he should measure the compo- 
nents to be sure they will fit the box. 

All three transformers shown are rated 
at 1.5 amp., 6.3 volts on the secondary, 
sufficient to power up to one 40 -watt lamp 
or its equivalent. In the circuit of Fig. 3, 

the ratings should be the same for TI, T2, 

and secondaries 1 and 2 of T3, but the third 
secondary of T3 should have at least a 2.5- 

amp. rating. Voltage ratings of the sec- 
ondaries of T3 can be anywhere from 5 to 
10 volts. Voltage ratings for the second- 
aries of T1 and T2 should be the same as 
the secondary of T3 to which they are con- 
nected, in order that each lamp will dim 
to the same intensity. 

In all the circuits, the connections to the 
ballast transformer must be properly 
phased. If the lamp flickers and goes out 
when the rheostat is varied, reverse the 
primary connections. --- 
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By MARVIN LUBIN and 
WALLACE SAMUELSON 

Over -all view of the complete light - 
operated relay. The focusing lens 
can be seen at the left end of the 
chassis, and the sensitivity control at 
the left end of the front chassis flange. 

Light -Operated Relay 

Using a CdS Photocell 

52 
LENS R2 V2 TI 

Under -chassis view of unit. 
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Sensitivity of this unit, which employs a thyratron triggered 

by a CdS photocell, can be adjusted over a very wide range 

CADMIUM sulfide photocells have won 
wide acceptance in the relatively short 

time since they were introduced. Their 
high sensitivity and ruggedness make them 
ideal for many applications requiring a 

light- sensitive device. However, manufac- 
turers are not resting on their laurels, but 
are continually striving to improve these 
cells. 

The most recent advance is the develop- 
ment of a low- impedance cell which will 
provide a current of 8 to 10 milliamperes 
under illumination compared with 1 to 2 

ma. from previous units. This new cell, has 
a dark resistance on the order of a few 
megohms, compared with thousands of 

megohms for previous units, but in the 
large majority of applications this reduced 
dark resistance is of no consequence, while 
the increased current under illumination 
permits direct operation of cheaper, more 
rugged relays. 

Cadmium sulfide crystals are grown from 
CdS powder in special furnaces. They are 
then mounted on electrodes and sealed in 

glass tubes or are potted in transparent 
plastic. Their resistance decreases in pro- 
portion to the applied illumination up to 
between 1 and 10 foot -candles. At higher 
light levels, the resistance continues to 
fall, but no longer in direct proportion to 
the illumination. 

Presently available cells will operate up 
to a maximum of 400 volts with a maxi- 
mum rated dissipation of 150 milliwatts. 
Change of resistance with temperature for 
a fixed illumination is about 2:1 in the 
range from -50 °C to +70 °C. 

One limiting factor of photoconductive 
materials is their response time. As a re- 
sult of painstaking work with ÇdS crystals, 
the response time has been improved to the 
point that, for relay applications, switch- 
ing times on the order of 1 millisecond can 
be obtained. 

Last month a very simple light -operated 
relay was described in which the current 
through the photocell was used to operate 
a relay directly, without any amplification. 
In many applications, the available light 
is inadequate for such operation, or per- 
haps a more rugged relay is desirable. In 
such instances, a simple thyratron "trig- 
ger" tube can be employed to improve the 
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sensitivity tremendously. The schematic 
diagram of such a unit is given in Fig. 1. 

The control tube, Vi, is a grid -controller 
thyratron type 2D21, capable of passing ui 
to 50 ma. of current. No rectifier is re 
quired since this tube is operated with a.c 
on its plate and is self- rectifying. Pulsat 
ing d.c. flows through the relay coil, an 
is smoothed out to a certain extent by ca 
pacitor Cl. This minimizes hum and vibra 
tion in the relay. 

Sensitivity is controlled by the 1000 -ohm 
potentiometer, R2, which serves to estab- 
lish the cathode potential of the 2D21 thy- 
ratron. The potential on the control grid is 

determined by the current flowing through 
the photocell and resistor RI. This current 
increases as the result of illumination, in- 

creasing the grid potential and causing the 
tube to fire (conduct). 

For a step -by -step analysis of this oper- 
ation, assume momentarily that the right - 
hand side of the a.c. line is positive. The 
cathode of the 2D21 will then be at a 
slightly positive potential with respect to 
the other side of the line. With the photo- 
cell dark, no current will flow through 
RI, and the grid will be approximately at 
the same potential as the other side of 

the line. Thus, the grid will be negative 
with respect to the cathode, and the tube 
will not fire. 

Under illumination, current through R1 

increases, making the grid more positive. 
When the grid becomes sufficiently positive, 
the thyratron will fire, closing the relay. 
It is not necessary to analyze operation 
during the other half of the a.c. cycle, as 
the plate of the thyratron will be negative 
with respect to the cathode, and no cur- 
rent will flow through the tube regardless 
of the grid potential. 

Construction of the light- operated relay 
shown in Fig. 1 is similar to that described 
in the August issue. Reference to the 
photographs and pictorial diagram will 
make the construction clear. A small fila- 
ment transformer T1 provides power for 
the 2D21 heater. Any convenient chassis is 

satisfactory -a commercial 4" x 6" x 2" unit 
is ideal. Light is concentrated on the 
photocell by means of a small lens 
mounted at the large end of a rubber at- 
tachment plug cap from which the prongs 
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PHOTOCELL AND LENS 
ASSEMBLY 

TERMINAL 
STRIP 

PHOTOCELL 
V2 

SOI 

RI 
IMEG 
1/2 W. 

117 V.A.C. 

CI -8 lad., 450 v. elec. capacitor 
R1-1 megohm, t/z w. resistor 
R2 -1000 ohm wirewound potentiometer, linear ta- 

per 
R3-4700 ohm, t/2 w. resistor 
RLl -Plate circuit relay, 2500 ohm coil, s.p.d.t. 

contacts (Potter & Brumfield LM5, LE5) SOl- Chassis type a.c. socket (Cinch -Jones 2R2) TI- Filament transformer, 6.3 v. @, 1.2 amp. 
VI -2D21 thyratron tube 
V2- Cadmium sulfide photocell (Standard Elec- 

tronics CdS -3 Type BX -2 or CY -2)' 1- Rubber handle plug 
1 -Line cord and plug 
1 -Lens, 11' diam., 1" focal length 
1 -2 -lug tie point 
1-4" x 6" x 2" chassis base 
1 -7 -pin miniature tube socket 1- Molded knob for sensitivity control 
Misc. machine screws, wire, solder, etc. 
'Available from Standard Electronics Div. of Hupp 
Corporation, P.O. Box 513, Carlisle, Pa., at $3.55 
Total cost of parts, approx. $14.50 

Fig. 1. Schematic diagram and parts list for 

have been removed. Tape is wrapped 
around the photocell so that it fits snugly 
in the other end of the cap. 

After the unit is completely wired and 
carefully checked, it should be plugged into 
the 117 -volt a.c. line and allowed to warm 
up for a minute or so. The sensitivity con- 
trol can then be set so that the relay will 
operate with the available amount of light. 

A s.p.d.t. relay is employed, so that 
the external circuit can be either opened 
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relay. Pictorial diagram is at top of page. 

or closed as a result of light striking the 
photocell. In Fig. 1, the connections are 
such that the external circuit is normally 
closed, and will be opened whenever light 
of sufficient intensity strikes the cell. Such 
an arrangement can be used for turning on 
lights as darkness approaches, and then 
turning them off when daylight returns. 

This device can easily be assembled in 
one or two evenings, and should provide 
endless hours of enjoyment. 30 
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Flash lamp (left), control unit (right), and 
electric fan for checking operation of strobe. 

FOR 

titet ostmat 
THE ELECTRONIC WORKS 

ACALIBRATED STROBOSCOPE is one 
of those extra devices one finds in a 

well -equipped shop for which new uses are 
constantly arising. Whenever it is neces- 
sary to measure the speed of an electric 
fan, a circular saw, a grindstone, or other 
rotary machines in the shop, the "strobe" 
steps into the role of a safe and accurate 
tachometer; when bends and strains in 
vibrating machinery are to be pin -pointed, 
the stroboscope "freezes" the motion, per- 
mitting visual inspection of the high -speed 
machine and easy location of the fault; 
when a loudspeaker rattles and groans, 
viewing it under the slow- motion illumina- 
tion provided by the adjustable strobe 
light makes the loose or worn portion stand 
out clearly. 

The stroboscope is an essentially sim- 
ple device. A special lamp -in this case, a 
neon -filled 1D21 /SN -4 (or 631 -P1) strobo- 
tron tube -having a flash duration of less 
than 5 microseconds is caused to emit 
short bursts of light at accurately timed 
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By HARVEY POLLACK 

This device is a valuable tool 

il 

for freezing rapidly vibrating 

or rotating objects for close 

study, and for checking rpm 

and vibrational frequencies 
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S PS.T 
SI 

117 VA C 

TI 
5V 

2050 
V2 

470K 
R7 

5 

7 

6 3V 

gufa C2 

ufa C3 1 IOOK 
R2 

CI + 40 O - 
T WA 

I MEG 

4071_ 
R6 

C4 
a 0005 yfa 

25K 
R9 

CI -40 pfd., 450 v. elec. capacitor 
C2- 20d., 600 v. tubular capacitor in can (Aerovox 

Type 610 or equivalent) 
C3 -.1 4fd., 600 v. tubular capacitor 
C4 -.0005 pfd., 600 v. mica capacitor 
C5 -1 pfd., 400 v. tubular capacitor 
Pl -Octal plug 
Rl, R8 -5000 ohm, 10 w. wirewound resistor 
132- 100,000 ohm, 1 w. resistor 
R3- 50,000 ohm, I w. resistor 
R4- 12,000 ohm, 1 w. resistor 
R5 -1 megohm, t/2 w. resistor 
R6-40 ohm, I w. resistor (author used two 80 ohm, 

1/2 w. units in parallel -See pictorial) R7- 470,000 ohm, 1/2 w. resistor 
R9- 25,000 ohm, wirewound potentiometer 

50K 
R3 

12 

R4 

SI- S.p.s.t. slide switch 
SOl -Octal socket 
502 -4 -prong standard Bakelite socket 
Tl -Power transformer, 240 -0 -240 v. @ 55 ma.; 5 v. 

@ 2 amperes; 6.3 v. q 2 amperes (Stancor PM- 
8402 or equivalent) 

V1-5Y3 tube 
V2 -2050 thyratron tube 
1-4' length of 4 -wire cable, color -coded 1- Chassis and cabinet (see text) 
1 -A.c. line cord and plug 1- Pointer knob to fit 25,000 ohm pot. shaft 
2 -Octal sockets 
1- 1D21 /SN -4 or 631 -P1 strobotron 1- Standard pull -chain receptacle shell 1- Standard threaded reflector to fit shell 
Misc. machine screws, nuts, solder, etc. 
Total cost of parts, approx. $14.50 

Fig. 1. Schematic diagram and parts list for the versatile electronic stroboscope. 

intervals. When the flash repetition rate is 
correctly adjusted, any rotary or vibratory 
motion may be apparently stopped so that 
the device appears stationary. By varying 
the speed of the flashing light, the motion 
may be seen proceeding slowly in a for- 
ward or reverse direction at will. 

For example, suppose that an electric 
fan is rotating at 1800 rpm or 30 revolu- 
tions per second. At this speed, one com- 
plete revolution occurs in 1/30 of a second. 
If the blades are viewed under a light 
which flashes briefly every Y0 of a second, 
they will be seen at exactly the same posi- 
tion at the peak of each flash. Since the 
remainder of the revolution takes place 
in darkness, the blades will appear to stand 
still. As previously mentioned, if the syn- 
chronization between the moving object 
and the flash rate is permitted to be some- 
what imperfect, the former will appear to 
move very slowly and may be examined 
for faults, undesirable vibration, and origin 
of unusual noise. "Freezing" of motion also 
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takes place when the blades turn through 
two complete revolutions between flashes 
(15 flashes per second for this example), 
three revolutions between flashes (10 
flashes per second), and so on. As the 
strobe speed is reduced, however, flicker 
becomes annoying, so that the speed is 
usually adjusted for a 1 :1 ratio. 

The repetition rate of the stroboscope to 
be described in this article is continuously 
variable over a range which is more than 
adequate for home workshop applications. 
A 2050 thyratron tube is set up as a vari- 
able frequency relaxation oscillator which 
pulses the strobotron at a speed deter- 
mined by the setting of a single knob, the 
"timing control." 

Construction 
A discarded case and chassis originally 

belonging to a radio babytender were used 
in the author's instrument. Better, more 
commercial appearance can be achieved by 
designing the unit to fit into one of the 
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handsome utility cabinets now available at 
most electronic distributors. (As a sugges- 
tion, either the Bud Manufacturing Co. 
C -973 case with matching chassis or the 
Insuline Co. Model 3801 would do the job 
admirably.) The component parts may be 
laid out in any fashion that suits the build- 
er because the wire lengths and routing are 
not critical in any way. Chassis grounds 
are used throughout to facilitate the wir- 
ing; so in buying the tube sockets, try to 
get the types that have four grounding 
lugs arranged about the retaining ring. 

To add to the convenience of the device 
during use, the strobotron and its reflec- 
tor were mounted at the end of a 4', 4 -wire 
cable. This allows the operator to move 
the light source around freely while the 
activating equipment "stays put" on the 
bench. The reflector end was fabricated 
by fitting a standard 4 -prong Bakelite tube 
socket as required by the pins of the strob- 
otron into the brass shell of an ordinary 
120 -volt a.c. electrical receptacle. Such re- 
ceptacles have standard photographic re- 
flector threading at their ends, as shown 
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Pictorial diagram of stroboscope. 
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