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CABINART 

Ic'IT 
are acoustically engineered. Assembly and finish 
are up to you! Precision -cut white pine and birch 
key together perfectly. Assembled by anyone with 
only a screwdriver. 

Model 61, Model 63 

corner horn 

12" speaker - $19.95 

MODEL 80 
MODEL 8112 
MODEL 8115 

Model 80 has i,f lid, removable panels. 
Bass reflex tuned for 12" or 15" speakers. 
Overall dimensions: 331/2 "H, 23 "W, 
16 "D. M80 tuner section, inside: 20 "H, 
213/4 "W, 151/1 "D. M8112, M8115 baffle 
volume: 6 cubic feet. SA" white pine 
80 equipment cabinet kit 

8112 12" speaker cabinet kit 

8115 15" speaker cabinet kit 

15" speaker - $23.95 

FEATURING KLIPSCH- DESIGNED 

DIRECT RADIATION OF HIGHS 

BACK RADIATION OF LOWS 

MODEL K -12 
MODEL K -15 

K. 12 36.00 

K. 15 42.00 

ready -to- finish birch 
All kits precision -cut to size, baffles pre -cut for 
12" or 15" speakers, Kits include Saran plastic 
acousticloth, glue, sandpaper, plastic wood, hard- 
ware, assembly instructions and finishing instruc- 
tions. Write for complete catalogs and nearest 
Cabinart kit dealer. 

all prices slightly higher west and south 

a Trade Mark CABINETS 

$27.00 

18.00 

18.00 

KITS 

REBEL enclosure development entails a 
cavity and slot port, to form a resonant 
chamber, and a horn coupled to the 
slot. The slot is loaded by the horn; the 
proportioning of slot, cavity and horn 
provide bass response below 100 cy- 
cles which corresponds in efficiency 
to the front -of -cone direct radiator re- 
sponse above this critical 100 -cycle 
point. There are two ways one might 
consider the function of this horn. One 
is a bass reflex with a horn acting as 
a resistive load on the port. System 
resonances are damped by useful 
radiation resistance while the horn 
does not cost anything. It is already 
formed by the room corner. Again, if 
a full horn were added below the 
100 -cycle point bass response would 
be boomy and unnatural. But, in the 
Rebel enclosures, the cavity -port com- 
bination acts as an acoustic low pass 
filter. And its design is such that low - 
end response will compare with re- 
sponse higher in the sound scale. 

75 North 11th Street 
Brooklyn, N. Y. 



I Will Send You 
TH FREE 

J. E. SMITH, President 
National Radio Institute 
Washington 9, D. C. o 

s. 

l SAL e AB (kob as F 10% 
See How I Train You at Home in Spare Time 

for Good Pay Jobs in RADIO -TELEVISION 
IFIP You PracticeBroadcastin TRAI RFECTOPPORTUNITT 

g is the PERFECT combjnation,The 

With Equipment I Send sample lesson I send will prove to 
you that it is practical to keep 
your job while TRAINING 
right in your own home for better 
pay and a brighter future. My 64 -page 
book should convince you that Radio - 
Television is truly today's field of 
OPPORTUNITY. 

TELEVISION MAKING 
JOBS, PROSPERITY 

Radio, even without Tel L n el. is bigger 
than ever. 115 million h,am ;Old auto 
Radios create steady door° I l.,r 
:;000 Radio stations 
give interesting, 
good pay jobs to 
operators, techni- 
cians. NOW ADD 
TELEVISION. 25 
million Television 
homes and the total 
growing rapidly. 210 Teleci,Lm citrons 
on the air and hundreds mure under con- 
struction. Color Television soon to be a 
reality. Government, Aviation, Police, 
Ship, Micro -wave Relay, Two -way Coin - 
munications for buses, taxis, trucks, rail- 
roads are growing fields providing good 
jobs for men who know Radio -Tele- 

You Practice Servicing 
with Equipment 1 Send 

As part of my Communications Course 
I send you kits of parrs to build the low - 
power Broadcasting Transmitter shown 
at left. You use it to peu practical experi- 

re putting this station "on the air," to 
perform procedures required of broad- 
, ,Oiqg station opera /rers. An FCC Com- 
mercial Operator's license can be your 
ticket to a better job and a bright future. 
My course gives you the training you 

` need to get your livense. Mail coupon 
below. See in my hook other .,able 
equipment you build 
and keep. 

Nothing takes the place of PRACTICAL EXPERI- 
ENCE. That's why NEI training is based on LEAP s.- 

ING BY DOING. . You use kits of parts t _. 
furnish to build many circuits common to 
both Radio and Television. With my 
Servicing Course you build the modern `. 

receiver shown at right. You also build 
an Electronic Multitester which you can 
use to help fix sets while training at 
home. Many students make $10, $r'. 
a week extra fixing neighbors' sets it iq 
spare time, starting soon after enroll } 

ing. I sand you special booklets that -.. 
Anse ye u how to fix sets Mail coupon 
for 6.41 age book and actual Servletng . + vision, All this adds up to good pay now, 

Lemon.. both FREE. . " . a bright future later for men who qualile 

TRAINED THESE MEN AT HOME 
r "Started repairing Radios sic 

' 

'4m with WCOC. NRI 
months after enrolling. .arse can't be beat. Passed 

Earned $12 to $15 a week. ,'exam for first class Radio - 
5spare time. " -ADAM phone license with no trouble 
KRA\1LIK, JR., Sumncy -- at all. " -JESSE W. 

i l'ARKER, Meridian, Miss. 
Am with \VNBT as video 

unrtrot engineer on RCA 
color project. Owe a lot of 
my success to your text- 
books 

- 
WARREN 

.pia town, Pennsylvania. i 

"I', come a long way in 

, Radio and Television sir e 

, graduating, Have my own 
bs nee on Main Street 
JOE TRAVERS, Asbury 
Park, New Jersey. 
"Manager of meat market 

rs' when I began. Answered ad 
for Radio serviceman. Got 
job. Pay increased 50% in 
,ear. " -C. CARTER, San 
Illemardino, California 

POULAR ELECTRONICS is published monthly by Ziff -Davis Publishing Company, William B. Ziff, Chairman of 
19531, at 04 E. lake St., Chicago 1, Ill. Entered as second class matter August 27, 1954 at the Post Office, 
SUBSCRIPTION RATES: one year U.B. and possessions, and Canada $3.001 Parr -American Union Countries $3.50 

cuuntrtes $4.00. 

AVAILABLE TO 

VETERANS 
UNDER GI BILLS 

START SOON TO MAKE 

$10, $15 A WEEK EXTRA 
An impsr' ant benefit of Radio-Television 
training is that you can start to cash in 
fast. Many men I 
train fix neighbors' 
sets, make extra 
money, starting 
soon after they en- 
roll. Multitester 
built with parts I 

send helps locate 
and correct set trouble I: i - t Irfi ho: 
you build actual equipment that 
you practical experience, brings to life 
what e'ru learn from my lesson -. 

MEN OF ACTION NEEDED 

MAIL COUPON TODAY 
Act now to enjoy mute good things of life. 

Get the benefit of my 40 years' experience 
training men at home. Take NRI training 
for as little as $5 a month. Many NM 
graduates (some with only a grammar 
school education) make more in two weeks 
than the total cost of training. Find out 
about this tested way to better pay, 
Mail coupon below today for Actual Les 
son and 64 -page Book -BOTH FREE. 
J. E. SMITH, President, National Radio 
Institute, Dept 51)D4, Washington 9, 

fl. t . (II I-1 loTH YEAR. 

Mr. J. E. SMITH, President, Dept. 30D4 
National Radio Institute, Washington 9, D.C. 

Mail me Sample Lesson and (14 -page Book, FREE. l'Co sales- 
man will call. Please write plainly.) 

Name 

Address ..... - 

City ... _ 

VETSWtde to drge ate 
Of discha 

Age 

"L ne Stils 

April, 1955 

lirs kti rrii 1191,ì- 
Ca,icaiio, Illinois. 

t all otter foreign 
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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 that offer 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 55 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 1159 

A TECHNICAL TRADE INSTITUTE CHARTERED NOT FOR PROFIT 
SOO S. PAULINA STOLE', CNICAiO. Dept.. 45-11H 

ELECTRICITY * RADIO * TELEVISION * REFRIGERATION * ELECTRONICS 

START NOW -PAY LATER- Fipancq Plan 
and Easy Monthly Payment Plan,Nap part - 
time employment help for student.: 

Get FREE Book 
Semi coupon for 4H page 
illustrated book "Guide to 
Careers in Electricity and Tele- 
vision- Radio." No cost; no 
obligation; no salesman will 
call. Get vital facts now ! 

1-14. W. COOKE, President 
COYNE ELECTRICAL SCHOOL 
500S. Pauline St., Chicago 12, I II., Dept.45 -71 H 

Send RIG 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 _tote 

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 fruly low., coat, 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 
Oeldes to show you how to do actual servicing 
jobs -make mossy early in course.With Coyne 
Television Hume Training you pay only for 
your training, no costly "put together kits". 

M. COONE, Prssldeel 

%%'r1° 

T4. 

SEND COUPON 
BOOK 
and full details, 
including easy 
Payment Plan. 
No obligation, no 
salesman will call. 

500 S. Pauline St., Dpt, 45 -HT4. Chicago 12 

A TECHNICAL TRADE INSTITUTE OPERATED 
NOT FOR PROFIT 

April, 19:5 

Coyne -the Institution behind this 
training ... the largest, oldest. best 

equipped residential school of its 
ttad. Established 1899. 

FOR FREE 

COYNE ELECTRICAL SCHOOL 

Television Home Training Div. 

500 S. Pauline St., Chicago 12, III., 
Dept. 45 -I lT4 
Send Free Rook and details on Television 
Home'1'raining. This does not obligate me and 
no salesman will call. 

Name 

Address 

City State 
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ITEMS OF INTEREST 
This Month's Cover 8 

Helicopter Finds Ideal TV Antenna Height 29 
Predict Radar Maps in 1985 Aviation 29 
Owner's Voice Starts Engine 29 
Quick Connection Phone Plugs 34 

TVI Filtering of R/C Transmitters 43 
Million Watt TV Antenna Assembled 

Despite Snow and Ice 58 
A New Tool for Cardiology 72 

TV Station Sports Novel Antenna Tower 92 
Home -Made Blower Cleans Tight Corners 93 
"Deluxe" Neon Bulb Code Practice Oscillator 122 

Special SW DX Broadcast 123 

Protecting Your Antenna 123 
Radio's "Sherlock Holmes" 124 

NEW PRODUCTS 
Musitherm Heating Control 58 

(General Electric Company, Syracuse, N. Y.) 
Alarm Bell and Light Signal Fire in Home 92 (Minneapolis -Honeywell Regulator Company, 2753 

Fourth Avenue South, Minneapolis 8, Minn.) 
Economical Kif Builds Hi -Fi FM Tuner 92 

(Approved Electronic Instrument Corporation, 928 
Broadway, New York 10, N. Y.) 

New Record Plan 116 
(Book -of- the -Month -Club, Inc., 345 Hudson Street, 
New York, N. Y.) 

Low Cost FM Receiver 116 
(Granco Products, Inc., 36 -17 20th Avenue, Long 
Island City, N. Y.) 

If you are unable to find these listed products locally, 
write directly to the manufacturers at the addresses given. 
Also see the monthly review of new items of interest to the 
electronics hobbyist in "Tools á Gadgets" appearing on 
pages 103, 104, 105, 106, and 107 of this issue of POPULAR 
ELECTRONICS. 

COMING NEXT MONTH 

POPULAR ELECTRONICS 
A Simple Lie Detector 
First Experiments With Thyratrons 
Checking Your Portable Radio for Summer Fun 
Heat Withou' Flame 
A Dime Os illator 
Stereophonic Sound 
The Boom in Radio -Controlled Boats 
Project Tinkertoy 
A Precision Photographic Timer 

Plus More on 
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 

IN THIS MONTH'S 

RADIO & TELEVISION NEWS 
(April) 

A Portable Scintillation Counter 
Make Ready for Transistors 
An Electronic Combination Lock 
Erasing Troubles in Tape Recorders 
Are You Ready for Cone!rad? 

METERS iviÉáSURE ó VALUE. 
EMC voms and vtvms feature ... 

LOWEST PRICES 
PRECISION CONSTRUCTION 
VERSATILE, ADVANCE DESIGNS 
WIDEST INSTRUMENT CHOICE 

EMC MODEL 102 VOLOMETER" 
Sturdy, pocket -size case Large, clear 3" - 1000 ohms per volt D'arsonval -type volt meter - 2n accurate 5 AC&DC voltage ranges, O.3000V. 4 DC current ranges, 0 -1.2 amps. 3 AC 

current ranges, 0 -600 ma. Two resistance ranges with same zero adjustment Model 102$14.90 
EMC MODEL 104 VOLOMETER' 

5 DC voltage ranges (20,000 ohms per v.), 0.3000 V. 3 AC & DC current ranges 
Extra large, easy -to -read 41/2" 50 microamp. meter with alnico magnet 3 resistance ranges 
5 DB ranges -4 to -67 3 AC current ranges, 0 -600 ma. 4 DC current ranges, 0-1.2 amps. 
5 AC voltage ranges (1000 ohms per V.) 0- 3000V. 

Reg. Trademark for volt -ohm miliameter Model 104 (With carrying strap) $26.95 

EMC MODEL 106 VTVM 
Completely electronic meter cannot burn out Dual triode balance bridge circuit Precision 

1% resistors for voltage multipliers Zero center adjustment for TV and FM alignment Full 
scale deflection of 11/2 V. for AC -DC 1 meg. isolated resistor in probe 5 DB ranges 5 AC 
& DC voltage ranges Sturdy, compact case 

MODEL 106 (With carrying strap) $35.90 
Accessory probes available MODEL 106 (In kit form) 23.90 

"EYE LEVEL" INSTRUMENT STAND FOR ALL METERS... $198 
FREE -complete catalog of instruments .... write Dept. PE -4 TODAY ! 

ELECTRONIC MEASUREMENTS CORPORATION 
280 
ELECTRONIC 

STREET NEW YORK 12. N. N Y. 
EXPORT DEPARTMENT 136 LIBERTY STREET. N.V.C. 
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INVENTORS 
Learn how to protect your invention. The U. S. Patent 

Laws provide that any new and useful art, machine, article of 

manufacture, or composition of matter, or any new and 
useful improvement thereof, may be patented if the act of 

invention is involved. Therefore, every inventor with a 
valuable invention should take advantage of the Patent Laws 
and proceed for patent protection in order to safeguard 
his rights. 

A patent gives the inventor the exclusive right to prevent 
others from making, using, or selling the invention claimed 
in the patent for a period of seventeen years. 

The Patent Laws were enacted for the benefit of the inventor 
to give him protection for the features of his invention which 
are patentable. These features must be properly and con- 
cisely set forth and claimed in a formal application for patent, 
in order to comply with the requirements of the Patent Laws. 
For that reason, unless the inventor is familiar with patent 
matters, he should engage a competent registered patent 
attorney or agent to represent him. We are registered to 
practice before the U. S. Patent Office and are prepared to 
serve you in the handling of your patent matters. 

A specially prepared booklet entitled "Patent Guide for 
the Inventor ", containing detailed information with respect 
to patent protection and procedure, together with a "Record 
of Invention" form will be promptly forwarded to you without 
obligation upon request. 

CLARENCE A. O'BRIEN & HARVEY JACOBSON 

April, 1955 

Registered Patent Attorneys 
59 -D DISTRICT NATIONAL BUILDING 

WASHINGTON 5, D. C. 
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8 TRANSISTOR 
CIRCUITS 

You can build with 

CK722 

TRANSISTORS 

Price now only $3.10 
Circuitry information on the 
following is available free: 

1. CW FILTER 

2. CW MONITOR 

3. TRANSISTORIZE YOUR AUDIO 
AMPLIFIER 

4. TOY ELECTRONIC ORGAN 

5. VOLT METER 

6. ELECTRONIC TIMER 

7. TRANSISTOR RECEIVER 

8. DEMONSTRATION TRANSISTOR 
CIRCUITS 

Order the circuit you want by number not by 
title, just write to Department P5. Buy low 
cost Raytheon CK722 Transistors from your 
local Raytheon Tube Supplier. 

8 

( .tfl'1k7f1I' iIt (V.'l/1GllllJ 

RAYTHEON MFG. CO. 
Receiving and Cathode Ray Tube Operations 

Newton 58, Massachusetts 
RELIABLE SUBMINIATURE AND MINIATURE TUBES 
SEMICONDUCTOR DIODES AND TRANSISTORS 

NUCLEONIC TUBES 
RECEIVING AND PICTURE TUBES MICROWAVE TUBES 

This Month's Cover 
IF a proper musical instrument, 

unlike a well- behaved child, 
should be heard, but not seen, then 
the Theremin is a very proper in- 
strument. Its sounds occasionally 
are heard on TV programs where 
special sound effects are required, 
but few people ever have seen one. 
The Theremin is, in some ways, 
the most flexible of all musical 
instruments; a player can produce 
almost infinite variations in pitch 
and volume. 

It is possible to build a There - 
min by following carefully a defi- 
nite procedure. The construction 
of a Theremin is described in the 
article beginning on page 19 of this 
issue. In order to give the builder 
as much help as possible, we have 
included more photographs and 
other information in this article 
than in any previous one. If you 
do undertake to build the There - 
min, check each step carefully 
with all of the information given 
in the photos, the schematic and 
pictorial wiring diagrams, and the 
text. 

Even with all of the help which 
can be given in the space avail- 
able, this is not exactly a project 
for beginners. They are advised to 
watch for construction details on 
simpler electronic musical instru- 
ments, which will be published in 
future issues of POPULAR ELEC- 
TRONICS. EDITOR 

(Cover painting by Ed Valigursky) 
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VETERANS! 
NON -VETERANS! 

Ase 

E. C. Cane, B.S., M.A. 
President. Radio-Tele- 
vision Training Asso- 
ciation. Executive 
Director, Pierce School 
of Radio d Television. 

c 

'4U 

Train to be a Radio -Television Technician 
AT HOME in your SPARE TIME 

Maybe you have a steady job now - but it isn't just what you'd 

like to do all the rest of your life. 

The pay may be all right - but not really good enough to enable 

you to do all the things you'd like to do for yourself or your family. 

The hours may be all right - but at the end of the day you don't feel 

that you've gotten anywhere. 

If you're in such a job you can train yourself for a better one - with 

all the opportunities for higher pay, satisfying work every day, job 

independence and security - and you don't have to give up your job 

or present income to do it. 

Even if you've had no experience in radio you can qualify as a tech- 

nician for transmitting stations or television studios, television repair- 

man, or set up your own business. 

My courses - especially prepared for home study - will prepare you 

for a better -paying job in the constantly expanding radio- television- 

electronics industry. 

KEEP YOUR PRESENT 
JOB AND PREPARE 

FOR A BETTER 

Combination Voltmeter - 

Ammeter- Ohmmeter 

RATO 
Public ddress System 

My school fully approved to train Veterans 
under new Korean GJ. Bill. Write discharge 
dote on coupon. 

Radio -FM -Te evision Tec necean raining 
My Radio -FM- Television Technician Course is especially 

prepared for men with no previous experience or train- 

ing. I have trained hundreds of men for successful 

careers in radio -television -electronics. Many of them 

had only a grammar school education and no previous 

experience whatsoever in the field. 

Expert FM -TV Technician Training 
My FM -TV Technician Course lets you take full advantage 

of your previous experience - either civilian or Armed 

Forces. YOU CAN SAVE MONTHS OF TIME. Train at 

home with kits of parts, plus equipment to build BIG 

SCREEN TV RECEIVER. ALL FURNISHED AT NO EXTRA 

COST! 

Practical TV Cameraman & 
Studio Technician Course 

(For men with previous radio 8 TV training) 
I train you at home for an exciting big pay job as the 

man behind the TV camera. Work with TV stars in the 

TV studios or "an location" at remote pick -ups! Avail- 

able if you want it , - . one -week course of practical 

work on TV studio equipment at Pierce School of Radio 

8 TV, our associate resident school in New York City. 

Earn while you learn 
Almost from the very start you can earn extra money 

while learning by repairing radio -TV sets for friends 

and neighbors. 

FREE FCC Coaching Course 
Qualifies you for Higher Pay! Given AT NO EXTRA COST 

after TV Theory and Practice is completed. Helps you 

qualify for the TOP JOBS in Radio -TV that demand an 

FCC license! 

RF Signal 

Generator Super -Her 

Radio Receiver 

As part of your training, I give you all the equipment you need to prepare for o 

BETTER PAY TV job. You build and keep o professional GIANT SCREEN 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 Voltemeter- Ammeter -Ohmmeter, C -W Telephone Transmitter, Public Address 

System, AC -DC Power Supply. Everything supplied, including tubes. 

You get two weeks, 50 hours, of intensive laboratory work on modern electronic 

equipment at our associate resident school in New York. And I give you this AT 

NO EXTRA COST WHATSOEVER, after you finish your home study training in the 

Radio -FM -TV Technician Course or the FM -TV Technician Course. However, your home 

study course is complete even without this two -week laboratory session. It is only 

one of the many Extras available to you from RITA if you want it. 

My Four FREE Aids Show You How and Where 
Better Pay Job in Television. 

See for yourself how my simple, 
practical methods can make suc- 
cess as easy for you os for my 
hundreds of graduates. 

to Get a 

ilvvibin5im il 

we. . tone, 
RADIOrEtEY1510N RRAINING ASSOCIATION 

Dep. EJI, 52 loft '19rh Se., New York 3, N. Y- 

0ear Mi. tone Moil me your NEW FREE 100e, FREE SUM( 

LESSON, nod FACE oats Ind will show me hot I ton melt SIC 

MONEY IN TEEEVIS10N. I understood I ate enfin na eblrgolien and 

na liman will tall. 
y7 

(PLEASE FRINs PRAINEY) 

Name 

Addreoa 

e AM INTERESTED IN. 
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Ci FM -IS Toth, ,i ion Course 

52 EAST 19th STREET NEW YORK 3, N. Y. ! u IV (omroma, a sod c 

Licensed by the State of New York Approved for Veteran Training 
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FROM OUR READERS 
SNIPERSCOPE 

AIWOULD you kindly send me the improve- r, ments in the Sniperscope...." 
Jordan Gold 

Chelsea, Mass. 
Write to Col. F. H. Kohioss, Editor, "The 

Military Engineer," Washington, D. C. 

* * * 
FIRST WITH MILLION WATTS 

"I 
NOTED that the article on page 88 of your 
January issue states that WILK -TV in Wilkes - 

Barre, Pa. will be the world's first million watt 
u.h.f. station. About December 10th (1954), 
WBRE -TV, channel 28, Wilkes- Barre, Pa., began 
using one million watts while WILK -TV is not 
due to begin operation on one million watts until 
early in January." 

Clayton Fairchild, ET2 
U.S.S. Windlass 

FPO New York, N. Y. 

Upon checking with official representatives of 
both stations we learned the following: On De- 
cember 10, 1954, WERE did go on the air with a 
million watts. Technical difficulties forced them 
off after a few days at this power, but the million 
watts transmission was resumed January 5, 1955. 
WILK did not begin transmitting at a million 
watts until January 23. And so Reader Fairchild 
is right, and thank you for correcting us! 

* * * 
ELECTRONICS COURSE 

"I 
N THE January issue of POPULAR ELECTRONICS, 
I noticed in your 'Letters from Readers' sec- 

tion a request that you include in each issue a les- 
son in electronics. I also noticed your objection 
and thought it was very logical. However, I have 
a suggestion that may overcome this objection. 
Make reprints of each of the lessons and then 
make them available at a nominal price. Later, 
you might combine the individual lessons and 
make them available in book form. 

"I would also like to see you print plans for a 
u.h.f. converter." 

Ross Harrower 
Livermore, California 

This letter is typical of many we've received on 
this subject. However, further study of the idea 
kas substantiated our view that such a course 
would not be practicable. Reprints of previous 
installments do not appear feasible because of the 
costs involved. Further, the course itself would 
be in conflict with material already available. It 
is possible that at some time in the future we may 
publish a separate book to cover the main points 
of the subject. 

As regards the u.h.f. converter, the cost, com- 

Io 

plexity, and equipment needed properly place this 
item within the domain of RADIO & TELEVISION 
NEWS, whose editors hope to publish such mate- 
rial in the near future. 

* * * 
TAPE AND DISC SPEEDS 

"I 
N MY opinion your January issue hit a real 
'high' for its construction articles and its 

general interest stories. I enjoyed Celia Webster's 
piece 'It's All On Tape.' ... This article raised 
an interesting question which nobody around 
here seems to have the answer to. It is simply 
this: why is it that the faster the tape speed, the 
higher the fidelity; but on records, it's the other 
way around, that is, a 33A disc is slower than a 
78 rpm disc and yet has higher fidelity. . . . 

J. R. Potter 
Las Vegas, Nevada 

There is a common fallacy implicit in the way 
this question has been asked that is probably 
fairly widespread among audiophiles of all levels 
of technical development. The fallacy is that the 
speed, as such, is the chief, if not the only, factor 
responsible for greater fidelity of recorded sound. 
Actually this is not so. In the case of tape, the 
higher speeds are required for higher fidelity due 
to the limitations of the recording tape and of 
the recording head. If the tape could be made 
with a much finer grain, and if recording head 
sizes could be greatly reduced, then the slower 
tape speed of 3/ i.p.s. would provide high fidel- 
ity. From a practical standpoint, however, such 
developments are quite remote, since they involve 
technological advances we have not yet begun to 
approach. For instance, the recording head might 
have to be so small that you'd need a jeweler's 
magnifying glass to thread the tape through it. 
The present day tapes and recording heads repre- 
sent a compromise -as must all sound reproducing 
equipment- between many factors such as size, 
quality of material, and convenience of speed for 
practical use. 

As for discs or records: it is not the slower 
speed, as such, that makes LP's hi -fi. It is the 
vinylite material of which the long -playing discs 
are made that enables them to capture greater 
realism of sound. It is not the speed of 78's that 
makes them inferior to LP's; it is the shellac 
material of which they are made. In other words, 
a 78 rpm record made of vinylite would have a 
very high degree of fidelity; in fact its response 

ERRATA 
In the February, 1955, issue, in the 

schematic diagram on page 34 and in 
the pictorial diagram on page 35, the 
connections for the germanium crystal 
diode, CR,, should be reversed. 

In the March, 1955, issue, in the pic- 
torial diagram on page 35, the connec- 
tions to C, from C4, R,, L,, and Cs should 
go to one of the outer terminals (the 
stator plates) of C,. 
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ELECTRONIC BARGAINS 
BY 

SAVE THEG BEST SAVE THE 
BUYING 

Adapters, Amateur Equipment, Antennas, Baffles, 

Books, Capacitors, Coaxial Cables, Coils, Connectors, 
Crystals, Eliminators, FM, AM, TV, etc., etc. 

New Electronic products are flooding the market. 
Some are excellent, a few are inferior, and others so, 
so. A few unscrupulous individuals and sometimes 
equally unscrupulous firms are misrepresenting the 
capabilities and the work of these new products. It 
seems to be their philosophy "the public be hanged, 
get the highest price the suckers will pay." This is 
not in keeping with PAT MALONE'S business prac- 
tices. 
Ask the folks who depend on Pat Malone's "ELEC- 
TRONIC BARGAINS" for their needs. Hundreds of 
mid -westerners daily fill the Malone Showrooms, 
counter shopping, asking technical questions and buy- 
ing what they want and what they need in the way 
of Electronic Equipment, Electronic Parts and kindred 
tools and equipment at Rock Bottom Prices. 

HERE IS HOW YOU TOO CAN SAVE 
ON NATIONALLY KNOWN BRANDS 

We want to serve Electronic fans and enthusiasts the 
country over. It will further increase our total an- 
nual sales AND enable us to serve our customers at 
even lower prices than ever before! The Pat Malone 
Policy is simply this, sell at the lowest possible price, 
yet make a greater annual net profit because of the 
greater and greater gross sales. To Pat Malone that 
makes Good Common Sense. 
Find out if what I say here is true. DO IT AT NOT 
ONE PENNY'S RISK TO YOU! IF, you cannot visit 
our giant sales rooms in Elmhurst, Illinois (lovely 
little suburb just West of Chicago) then send for your 
copy of "ELECTRONIC BARGAINS." The prices 
will amaze you. All I ask is that you send your order 
by return mail to avoid disappointment. All items 
listed above are sold on a MUST SATISFY OR RE- 
TURN FOR FULL REFUND! In -stock items shipped 
within 24 hours after your order is received! Be happy 
-Order Today. 

YOUR COPY OF 
"ELECTRONIC BARGAINS" 

Crammed full of Electronic Facts -Electronic Buys - 
Electronic Equipment -Electronic Tools -Electronic 
Parts -all offered to you at low, low lower prices -will 
be sent to you -and "Electronic Bargains" magazine 
will continue to come to you month after month for 
one full year for only $1.00! 

OUR OFFER IS SIMPLE 
YOU RISK NOTHING 

I want to prove to you that every word in 
my ad is absolutely true. That Pat Ma- 
lone backs up his statements and his 
merchandise. IF, after studying your first 
copy of "ELECTRONIC BARGAINS" for 
10 days you are not absolutely satisfied 
that you have the source that will pay 
you one hundred times the small sum you 
remitted, THEN drop me a postcard ask- 
ing for your money back. Keep your first 
copy of "ELECTRONIC BARGAINS" 
but realize you will never again be per- 
mitted to re- subscribe or to have your 
Electronic orders filled. 

r- 

SAVE MIDDLEMEN PROFITS 

PROOF 

OF THE VALUES IN 

"ELECTRONIC BARGAINS" 
I. COMPLETE THEREMIN outfit. See 

Theremin Article elsewhere -all you 
need $19.95 

2. Plastic Base Recording Tape -7" 
(1200 Ft. Spool) 1.30 

3. Schematic Diagrams for all Popular 
TV Sets .05 

4. Insulated Handle Screwdrivers - 
Break & Heat Resistant .10 

5. Phono Cartridges- Standard & Mi- 
crogroove-3 Volt Output .49 

6. Sapphire Tipped Phono Needles - 
Standard & Microgroove .10 

7. 300 OHM Television Lead Wire 100/ 
20 -Real Heavy Duty 4 95/M 

8. High Fidelity Amplifier with built -In 
Preamplifier 1 1.95 

9. Crystal Diodes (1N34, 1N22, 1N21, 
etc.) .10 

10. Headphones- Single Units -(2000 
OHM) .50 

II. Picture Tube -Brand New -Guar- 
anteed one full year -80c per inch 
(10 Inch Tube would cost $8.00, etc.) 

12. Receiving Tubes - Brand New - 
Boxed-Code Dated -Name Brands 
Only. GO% to 90% off list price 

13. Famous 'Inline" Type Antenna - 
For TV & FM 2.00 

14. Name Brand Moulded Plastic Con- 
densers -All Standard Values -600 
Volt Sizes .02 

15. Allen Bradley Resistors -All 
Standard Values -1 Watt Size .05 

16. Electrolytic Capacitors -F r es 1t 

Stock -Can Type -Paper Type .20 
17. Electric Motors -Hobby Type 3 to 

6 volt Operation .47 
18. Microphones- Crystal- Carbon- 

Dynamic 2.00 
19. Transistors for the Experimenter 1.00 
20. Complete Crystal Set Kits .99 
21. Complete One Tube Radio Kits 1.99 
22. 400 Ma. Selenium Rectifiers (For 

Motorola, G.E., etc.) .89 
23. Tube Sockets -All Filled Types 

(No Wafers) -Any Size .01 
24. 3 Speed Automatic Record Chang- 

ers- Ceramic Cartridge 9.95 
25. 12 Inch Co -Ax High F i d e l i t y 

Speaker 7.85 
26. Pilot Lamps -All Sizes & Voltage 

Ratings .01 

MAIL COUPON TODAY!! 

Pat Malone 
MALONE ELECTRONICS, Elmhurst 1, Illinois 

Enclosed find $1.00. Send me "ELECTRONIC BAR- 
GAINS" for one full year on your 10 DAY MONEY 
BACK TERMS. 

Name 

Address 

City Zone. .State 

April, 1955 II 



GET THE WORLD'S LEADING 

RADIO & TV CATALOG 

VALUE- PACKED 

PAGE 1955 
ALLIED 
ELECTRONIC 

BUYING GUIDE 
Builders and Experimenters: 

Save on Everything in Radio i TV! 
You'll find everything you'll need for building any project in this publication in the 1955 ALLIED Catalog. Select from the world's largest stocks of parts, tubes, tools, kits, books, diagrams -plus Amateur equipment, TV components, Hi -Fi equipment, test instruments, recorders -at low- est, money -saving prices. Write for your FREE ALLIED Catalog today! 

DOZENS OF 
OTHER KITS 

AVAILABLE 

Famous Radio Lab Kit (10 Kifs In 1) 
Here's the most instructive Experimenter's kit you can buy. With it, you can build a broadcast receiver, phono amplifier, phono oscillator, signal tracer, electronic timer, photo cell relay, home broadcaster, elec- tronic switch, etc. Fascinating, instructive. Complete with all parts, tubes, microphone, 
12 -page manual. Shpg. wt., 10 lbs. 
33 S 265. Radio Lab Kit, only 514.25 
Popular "Ocean Hopper" (Amazing DX) 
A remarkable Short -Wave receiver. Covers 
155 to 35.0 mc with plug -in coils (below). Features bandspread; for headphone or speaker use. Easy to build. Complete with all parts, tubes, broadcast colt, hardware, 
full Instructions. For AC -DC. Wt 5 lbs. 
83 S 740. "Ocean Hopper" kit, only 512.75 59.1 110. 2000 ohm headset $1.67 Five tolls (155 kc to 35 mc) 53.82 
Ranger 11 Superhet (with Cabinet) 
Learn radio while you build and enjoy this sensitive AC -DC broadcast receiver. Tunes 
540 -1680 kc: includes built -In antenna. PM dynamic speaker, automatic volume control, handsome walnut plastic cabinet. Easy to assemble from detailed manual: complete with punched chassis, all parts, tubes and cabinet. Shpg. wt., 8 lbs. 
83 S 735. "Ranger II" Kit, only .... $16.75 

I ALLIED RADIO CORP., Dept. 79 -D -5 
100 N. Western Ave., Chicago 80, III. 

I Send FREE 308 -Page Catalog 

Send Kit No. 83 S 7351 ' Send Kit No. 83 S 265 

1 
Send Kit No. 83 S 740 

f] Coils for above 

I Name 

enclosed 

Address 

`City 

12 

Zone_State 

i404414 rl kaf tltlMwlr; 
T. 

would go up to 40,000 cycles because of its greater 
speed. This extreme is not necessary, however. 
Furthermore, the fine grain that characterizes 
vinylite enables records made of this material to 
be designed for slower speeds and still possess 
frequency ranges wide enough for great realism. 

* * * 
"ECHO BOX" 

¿I 
IAM interested in constructing an `echo box' 

and would appreciate information on this." 
J. T. Eichelberger 

Baltimore, Maryland 

Thanks for the suggestion; we're looking into 
this and hope to have suitable material available 
soon. 

* * * 
PRICE OF TV FILTER 

idTHE filter to block interference to TV, de- 
scribed on page 79 of your February issue, 

looks very good to me and I'd like to purchase 
one. Can you tell me what it costs and what the 
manufacturer's address is ?" 

Jonah P. Kennel 
Canton, Ohio 

Similar requests have been pouring in steadily. 
The price of the filter is $.89 and it can be ordered 
by mail direct from the American Electronics Com- 
pany, 1203 Bryant Ave., New York 59, N. Y. 

* * * 
HI -FI ARTICLES 

"I 
FELT that the article 'The High Fidelity 
Hobby' in your January issue was too general 

to be of real value to a newcomer to this subject. 
Couldn't you cover this subject in such a way as 
to suggest specific points so that the uninitiated 
would know where to start? I'm sure many read- 
ers would like to see discussions of basic com- 
ponents, what accessories could be added to fur- 
ther improve a system, etc." 

Ed R. Shetland 
Portland, Oregon 

Many readers have expressed similar opinions. 
A series of articles, covering exactly these -and 
other points -is planned for late spring of this 
year. 

* * * 
SCINTILLATION COUNTER ill HAVE just completed the Geiger Counter 

I from the plans in your January issue and am 
well pleased with the results. So much so that 
now I would like to build a portable Scintillation 
Counter. Is there any chance that you could help 
me to locate a schematic, and list of materials for 
one ?" 

G. T. Merite 
Binghamton, N. Y. 

In response to this, and many more letters of a 
similar nature, we would like to Point out that 
the construction of a scintillation counter is a cost- 
ly proposition. The basic components of these 
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nit.Start Fixing TVand 

Radio Sets RIGHT AWAY 
TRY IT 

'4,,, 
FOR 10 DAYS IN 

YOUR OWN HOME 

^gip RIN 
McGraw -Hill's Amazing New Low - 

Cost Instruction Manual Skips 

"Theories" and "Formulas", Tells 

How- to -do -it in PLAIN ENGLISH! 

Prove If on Your Own Set 
Save up to 1:50 a year Just by 

installing, repairing, and servicing 
your own TV set. Bank tells which 
controls to adjust or tubes to re- 
place if picture is entirely dark- 
blurred-split-distorted-off center 
-tilted -wiggles and weaves -too 
pale -too black- jitters -snows- 
drifts -etc., etc. 

PARTIAL CONTENTS 
Tools Needed How TV and Radin Seta Work How to Remove and Re. place Tubes Testing Tubes without a Tester Using a Tube Tester newer- su0p1Y Troubles How to st and Replace Resistors, Contrats, Switches, Condensera, Cetis, Trans- formera Tuning Devices Loud - Né dless Phono Pickups and Repair Antennas to Install and 

l MUCH SCORE - 

TELLS HOW TO "Cash Il' ON THE BIG 

DEMAND FOR RADIO -TV REPAIRMEN 

over 25 tnllllon -TV eta 

over m111ton radiai 

thls ountrYl Sh rou scan 
skilled epalrmen! just 
make "set eforaí pare ana 
fixing act ptyour spare time 
neighbor start Your own ull- 

time rtmlr b gook tells exhow to 

steady 
ProOts. 

get started: tubes 
actly bnW tpoorltahlp:t `infte 

tubes 

Po st ck: where ga call. You can 

Fow to mak éets andctneking 
money 

g tough Jobs can be 
tart tixlle 

hgTILL make monek 
Author 
done ao^YQhalfwaY through l>on 

rouble Shooting Chart Tells Where to Look for Bad Tube IF: 

o picture; no raster; no sound. 
o picture; raster OK no sound. 
o picture; no raster; sound OK. 
o picture: raster OK; sound OK. 
Icture wiggles and weaves, lacks 
blacks, or to very black; raster OK; 
sound OK. 

lcture jittery, double Image; raster 
OK; sound OK. 

now on all channels; raster OK; 
sound weak. 

April, 1955 

Snow on all channels. raster OK: 
sound OK. 

Picture and raster do not fill screen; 
ßbund OK. 

Picture drifts up and down but not 
sideways; raster OK; sound OK. 

Picture muddy and gray; raster OK; 
sound OK. 

PLUS 29 OTHER COMMON TV 
TROUBLES. 

. even if you have never fixed a 

LAMP or DOOR BELL before! 
"Why hasn't somebody done this BEFORE ?" 

That's what you'll say the minute you start 
browsing through this amazing new and complete 
one -volume instruction- manual in radio and TV 
repairs. 

For here at last a well -known EXPERT has found 
a way to tell you in PLAIN ENGLISH how to fix 

almost ANY radio or television set. (And he even 
tells you where you can go to have the extra -tough 
jobs done FOR you . . . at professional rates.) 
Right from the very first chapters you can start doing 
simple repairs . . , and before you're HALF way 
through the book, you can fix HALF the television 
and radio sets that you encounter. Surprisingly 
quickly you can fix your own and friends' sets . . . 

get a service shop job . even start your own 
money- making business right in your own home. 

Why It's So EASY to Understand 
No electronic formulas . no algebra . . . no 

laboratory experiments. Instead you deal only with 
the things that go wrong in sets -how to recognize 
and spot the trouble -and what to do about it. 
"Easy as A -B -C" directions and 700 clear photos, 
diagrams, and drawings show you exactly WHAT 
and HOW to fix, step -by -step. 

The author is Associate Editor of Electronics 
Magazine. He's a long -recognized expert -not only 
on radio and TV-but also on making technical 
subjects easily understood by the average reader. He 
has spent FOUR years making this one -volume in- 
struction manual so practical and easy -to- understand 
that even a man who never fixed a door bell before 
will have no trouble. 

Here's everything you need to know about where 
and how to buy tubes and parts, where and how to 
get a circuit diagram for any receiver; how to choose 
and use basic tools; how to test tubes WITHOUT 
a tube tester; how to adjust 58 common TV controls; 
how to "diagnose" and "cure" common radio and 
TV troubles; how to fix or replace loudspeakers, 
phono pickups; how to install and check antennas; 
and much, much more. 

SEND NO MONEY 
Examine this big 556 -page book for 10 days 

BEFORE you decide if you wish to own it. Try 
it out FREE on your own set. See how easy it makes 
your handling of repairs. Take 10 days to prove it 
PAYS FOR ITSELF, or don't keep it. Just mail 

coupon to: McGraw -Hill Book Co., Inc., Dept. 
PEL -4, 327 West 41st Sf., New York 36, N. Y. 

1 
FREE 10 -DAY TRIAL COUPON 

McGraw -Hill Book Co., Inc., Dept. PEL -4 
327 West 41st St., New York 36, N. Y. 

Please send me, for 10 days' FREE EXAMINA. 
TION, your one -volume "Television and Radio Re- 
pairing," by John Markus. If not delighted with in 

I may return book, pay nothing. Otherwise. I will 
keep book and vend only $1.95 plus postage; fol- 
lowed by R monthly installments of $2.00 each. 

Name 

ACrltess 

City Zone.... StateQe 

D SAVE $! 9 a W CH this coupon. Then 
enclosing 

will pay 
delivery. Same 10 -day return privilege -full e- 
fund e-uaranteed. PEL -4 

L 
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FIND OUT how the FCC license helps you get a 

better job or increase your pay on your present job 

FIND OUT how employers 

make job offers like this to CIRE stu- 
dents every month 
Letter from nationally known manufacturer of high quality AM 
and FM transmitters, "We are ery much in need at the present 
time of radio- electronics technicians and would appreciate any 
helpful suggestions that you may be able to offer. Salary up to 
5412 per month to start." 

CARL E. SMITH, E.E., Consulting Engineer. President 

WE GUARANTEE to train and coach you at home until you 
pass the all- important FCC examination.. . If you fail to 
pass after completing our course, we will continue your 
training without additional cost until you successfully ob- 
tain your commercial license. 

IIFIND OUT what the FCC license means 

Your FCC license is recognized by employers as proof of your technical 
ability. 

Want To 
amble. 

Your P 
Get into Radio- 

TV- Electronics 

CLEVELAND 
'INSTITUTE 

OF RADIO ELECTRONICS 

SAMPLE 
FCC LESSON 

MASTER COURSE IN 
RADIO COMMUNICATION 

"Due to your Job- Finding Service, I 

have been getting many offers from all 
over the country, and I have taken a 
job with Capital Airlines in Chicago, 
as a Radio Mechanic." 

Harry Clare, 
4537 S. Drexel Blvd., Chicago, Ill. 

"I have obtained a position at Wright - 
Patterson Air Force Base, Dayton Ohio, 
as Junior Electronic Equipment Repair- 
man. The Employment Application you 
prepared for me had a lot to do with 
me landing this desirable position." 

Elmer Powell, 
Box 247, Sparta, Tenn. 

FIND OUT how to get your FCC license in a 

minimum of time 
Harry G. Frame, Box 429, Charleston, W. Va. 
Charles Ellis, Box 449, Charles City, Iowa 
Kenneth Rue, Dresser, Wisconsin 
B. L. Jordan, Seattle, Washington 

CLEVELAND INSTITUTE OF RADIO ELECTRONICS 
Desk PE -2, 4900 Euclid Bldg., Cleveland 3, Ohio 

14 

License Time 

2nd Class 13 weeks 
1st Class 28 weeks 
2nd Class 20 weeks 
1st Class 20 weeks 

-r? 
C--OljNCS`' 

National Home 
Study Council 

Approved Member 

FIND OUT how we guarantee your FCC license 

CLEVELAND INSTITUTE OF RADIO ELECTRONICS 
4900 Euclid Ave., Desk PE -2 
Cleveland 3, Ohio 
(Address to Desk No. to Avoid Delay t 

I .ant to know Ute facts, without obligation, how I can 
get my FUR, ticket in a minimum of time. Hush your 
FREE booklet "How W Pass FCC License Exam tat hits "' 
does not cover exams for Amateur Licenser as well as 

sample FCC -type exam and the amazing new booklet, Money , -Makin FCC License Information." 
PLEASE PRINT CLEARLY 

Name 

Address 

City State 
FOR PROMPT RESULTS SEND Alls MAIL 

Special tuition rutes to members of the U. S. Armed Force; L -1 
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counters cost approximately $100. The additional 
wiring and shielding will raise this cost by an 
equal amount. However, readers who are inter- 
ested may obtain complete details in a feature 
article in the April 1955 issue of RADIO & TELE- 
VISION NEWS. * * * 

MUSIC LOVER TALKS BACK 
AS A lay hobbyist and music lover I was 

naturally pleased to note that your January 
issue contained for the first time a `Disc Review.' 
Certainly all the technical talk and work in the 
world would have little meaning unless it were 
aimed at achieving a usable end -in the case of 
audio technology, this end is the enjoyment and 
greater appreciation of music. To me, hi -fi repre- 
sents a union of science and esthetics, and it is 

good to see a publication that is primarily tech- 
nical and scientific devoting space to the purely 
esthetic aspects of the field. Congratulations on 
adding this feature, and please do keep it running. 
In line with this, I would like to take exception 
to two of the examples of music given by Bert 
Whyte, which he calls `classical' and `romantic.' 
Beethoven's Fifth Symphony is actually as much 
`romantic' as it is `classical' In fact, Beethoven 
exemplifies -more than any other single composer 
in history -a man at a turning point in history - 
musically as well as politically. And his Fifth 
Symphony, while structurally following the classi- 
cal pattern in a nominal sort of way, contains in 
it themes and harmonies and orchestral effects 

that are decidedly un- classical or anti -classical and 
which, as a matter of fact, have become a virtual 
storehouse of inspiration from which subsequent 
romantic composers have lifted material. I think 
a much better example of classical music would 
have been something by Haydn or Mozart, or 
perhaps an early Beethoven symphony like his 
First or Second. 

"As for the Scheherazade of Rimsky -Korsakov, 
this is not at all the best example of romantic 
music. This composition represents a phenomenon 
known to musicologists as nationalism in which 
a composer uses the full resources of a modern 
symphony orchestra to express the idiom and 
character of his native culture. A far better ex- 
ample of `romantic' music would have been Schu- 
bert's Unfinished Symphony or Schumann's Rhen- 
ish Symphony or Mahler's Das Lied von der Erde. 
I have no quarrel with Mr. Whyte's choice of a 

modern example, and I have no quarrel with the 
general idea embodied in a feature of this sort. 
In fact, it was good enough to stimulate me to 
write you this letter which I hope you will pub- 
lish and which I trust will stimulate others to 
agree or disagree with me. Best wishes for 
continued success." 

M. Pantuosco 
Bronx, N. Y. 

Thank you for a very thoughtful letter. Any 
comments on any musical controversies that may 
be touched off will be welcome. END 

MOLDED, FLEXIBLE COLORFUL PLASTIC WORLD MAP 

IN THREE DIMENSIONS TO CONFORM WITH EARTH'S CONTOUR 

Water in vibrant turquoise; land in varying shades of sepia. 

USEFUL ... The mountains, valleys and 
other natural characteristics of the Earth 
affecting signal transmission and reception, 
are modeled in exact scale at their proper 
heights above sea level. 150 country and 
political boundaries are shown in red; over 
1,000 reference items in black. Six distinc- 
tive symbols tell you the major seaports, 
airports, rail centers and population ap- 
proximations. 
FOR THE HAM SHACK ... A ridge of 
molded plastic forms a white border and 
brings the overall size to 21" x 341/2 ". The 
map itself is I83/4" x 33 ". Can be used with- 
out framing -but we suggest, to bring out 
its full beauty and dramatic impact, it be 
mounted on cardboard or plywood (using 
either staples or a good rubber cement), 
with a black mat or wood frame. Needs no 
glass protection. Can be cleaned with a 
damp cloth. 

Only $1 SOD 
h 

including all charges 
except NYC sales 

eac tax. 

ALSO, a sturdy self- framed vinyl molded plastic map of the United States in 11 colors, 64 x 40 inches, brass 

grommets for Immediate hanging. Shows 2,000 cities, 600 rivers 200 mountain ranges and peaks, as well as 

national parks, monuments, several thousand lakes and reservoirs. Only $45.00. F.O.B. Philadelphia, Pa. 

Dun & Bradstreet's INTERNATIONAL MARKETS, Dept. PE-4. 99 Church St., N. Y., N. Y. 

Please send me_ copies of plastic world map at ;15 00 each; U. S. plastic maps at $45.00 

each. check enclosed. bill me. 

NAME (Print please) 

ADDRESS 

CITY Zone STATE 
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ThTe.GE NOM ETER 
A versatile all -inclusive GENERATOR which provides All the outputs for servicing: 

A. M. Radio F. M. Radio Amplifiers Black and White TV Color TV 

7 Signal Generators in One! 
is R. F. Signal Generator for A.M. 
t.- R. F. Signal Generator for F.M. 
t/ Audio Frequency Generator 
V' Bar Generator 
too Cross Hatch Generator 
t Color Dot Pattern Generator 
& Marker Generator 

SPECIFICATIONS: 

R. F. SIGNAL GENERATOR: 
The Model TV -50 Genometer provides complete coverage for 
A.M. and F.M. alignment. Generates Radio Frequencies (torn 100 
Kilocycles to 60 Megacycles on fundamentals and from 60 Mega- 
cycles to 180 Megacycles on powerful harmonics. Accuracy and 
stability are assured by use of permeability trimmed Hi -Q coils. 
R.F. is available separately, modulated by the fixed 000 cycle 
sine -wave audio or modulated by the variable 300 cycle to 20,000 
cycle variable audio. Provision has also been made for injection 
of any external modulating source. 

VARIABLE AUDIO FREQUENCY GENERATOR: 
In addition to a fixed 400 cycle sine -wave audio, the Model TV -50 
Genometer provides a variable 300 cycle to 20,000 cycle peaked 
wave audio signal. This service is used for checking distortion in 
amplifiers, measuring amplifier gain, trouble shooting hearing 
aids, etc. 

BAR GENERATOR: 
This feature of the Model TV -50 Genometer will permit you to 
throw an actual Bar Pattern on any TV Receiver Screen. Pattern 
will consist of 4 to 16 horizontal bars or 7 to 20 vertical ban. 
A Bar Generator is acknowledged to provide the quickest and 
most efficient way of adjusting TV linearity controls. The Model 
TV -50 employs a recently improved Bar Generator circuit which 
assures stable never -shifting vertical and horizontal bars. 

CROSS HATCH GENERATOR: 
The Model TV -50 Genometer will project cross-hatch pattern 
on any TV picture tube. The pattern will consist of non-shifting, 
horizontal and vertical lines interlaced to provide a stable cross- 
hatch effect. This service is used primarily for correct ion trap 
positioning and for adjustment of linearity. 

DOT PATTERN GENERATOR (For Color TV) 
Although you will be able to use most of your regular standard 
equipment for servicing Color TV, the one addition which is a 
"must" is a Dot Pattern Generator. The Dot Pattern projected 
on any color TV Receiver tube by the Model TV -50 will enable 
you to adjust for proper color convergence. Whenall controls and 
circuits are in proper alignment, the resulting pattern will consist 
of a sharp white dot pattern on a black background. One or more 
circuit or control deviations will result in a dot pattern out of 
convergence, with the blue, red and green dots in overlapping 
dot patterns. 

MARKER GENERATOR: 
The Model TV -50 includes all the most frequently needed marker 
points. Because of the ever -changing and ever -increasing number 
of such points required, we decided against using crystal holders. 
We instead adjust each marker point against precise laboratory 
standards. The following markers are provided: 189 Kc., 262.5 Kc., 
456 Kc., 600 Kc., 1000 Kc., 1400 Kc., 1600 Kc., 2000 Kc., 2500 
Kc., 3579 Kc., 4.5 Mc., 5 Mc., 10.7 Mc. (3579 Kc. is the color 
burst frequency.) 

The Model TV -50 comes abso- 
lately complete with shielded 
leads and operating instructions. 
Only 

$ 5Ó 
NET 

SHIPPED ON APPROVAL 
NO MONEY WITH ORDER -NO C O. D. 

Try it for 10 days before you buy. 
If completely satisfied then send 
$11..50 and pay balance of rate 
of $6.00 per month for 6 months. 
No In or Finance 
Charges Added! If not com- 
pletely satisfied return unit to 
us, no explanation necessary. 
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MOSS ELECTRONIC DISTRIBUTING 'CO, INC. 
Dept. D -118 3849 Tenth Ave., New York 34, N.Y. Name 
Please rush one Model TV -50. I agree to pay $11.50 within 
10 days and top y 56.00 per month thereafter. It is under- 
stood there ill be n finance, interest or any ether Address charges, provided I send my monthly payments when due. 
It is further understood that should I fail to moke payment 
when due, the full unpaid balance shall become immedi- 
ately due and payable. City Zone.... State 

t J 
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Superior's new SUPER METER Model 670 -A 

A COMBINATION VOLT -OHM MILLIAMMETER PLUS 

CAPACITY REACTANCE INDUCTANCE AND DECIBEL MEASUREMENTS 

SPECIFICATIONS: 

D.C. VOLTS: 0 to 7.5/15/75/150/750 /1,500/7,500 Volts 

A.C. VOLTS: 0 to 15/30/150/300/1,500 /3.000 Volts 

OUTPUT VOLTS: 0 to 1S/30/150/300/I,500/3,000 Volts 

D.C. CURRENT: 0 to 1.5/15/150 Me. 0 to 1.5/15 Amperes 

RESISTANCE: 0 fo 1,000/100,000 Ohms 0 to 10 Megohms 

CAPACITY: .001 to I Mfd. I to 50 Mfd. (Good -Bad scale for 
checking quality of electrolytic condensers.) 

REACTANCE: 50 to 2,500 Ohms 2.500 Ohms to 2.5 Megohms 

INDUCTANCE: .15 to 7 Henries 7 to 7,000 Henries 

DECIBELS: -6 'o +It +14 to +38 +34 fo +58 

ADDED FEATURE: 

Built -in ISOLATION TRANSFORMER 

reduces possibility of burning out 
meter through misuse. 

The Model 670 -A comes 

$9240 
Moused, in a rugged 
cracklefinished steel 
cabinet complete with 
test leads and operating NET 
Instructions. 

Superior's new TUBE TESTER Model TV -11 
SPECIFICATIONS: 

*Tests all tubes Including 4, 5, 6, 7, Octal. Lock - 
In, Peanut, Bantam, Hearing Aid, Thyratron 
Miniatures Sub -miniatures, Novels, Sub -miners. 
Proximity fuse types, etc. 

* Uses the new self -cleaning Lever Action Switches 
for individual element testing. Because all ele- 
ments are numbered according to pin -number 

In 
the RMA base numbering system, the user 

can instantly Identify which element is under 
test. Tubes having tapped filaments and tubes 
with filaments terminating in more than one 

ain 
are truly 

ny of the pins 
tested, 

i s on y be placed 
V 

placed in the neutral 
position when necessary. 

in n 

* The Modal TV -II does not use 
Type sockets. Instead Individual 
used for each type. of tube. Thus 

any combination 

damage a tube by inserting It to the wrong 
socket. * Free -moving built -in roll chart provides com- 
plete data for all tubes. * Newly designed Line Voltage Control compen- 
sates for variation of any Line Voltage between 
10S Volts and 130 Volts. * NOISE TEST: Phono -lack on front panel for 
plugging in either phones or external amplifier 
will detect microphonic tubes or noise due to 
faulty elements and loose internal connections- 

11.1% an 3Ó3-13Ó tole eÓ 
crmes a.c. come. oevsea 

eewvlrni n,na- 
ó rw Pon:ñi 

e $4750 sockets ers 
hus !f Is impossible 

type oscillator incorporated in this mode 
will eerie leakages even when the fre- 
quency NET is one per minute. 

EXTRA SERVICE - The Model TV -II may 
be used as an extremely sensitive Con- 
denser Leakage Checker. A relaxation 

SUPERIOR'S NEW MODEL TV-40 

RT. TUBE TESTER 
A complete picture tube tester Tests all magnetically deflected * for little more than the price * tubes . in the set ... out 
of a "make- shift" adapter!! of the set in the carton!! 

Tee Model TV -40 is absolutely complete! Self- Tests AlL magnetically deflected picture tubes 

contained, including built -in power supply, it from 7 inch to 30 inch types. 

tests picture tubes in the only practical way Tests for quality by the well established 
to efficiently rese such tubes; that is by the emission method. All readings on "Good - 

se of a separate instrument which Is gad" scale. designed exclusively to test the ever 
increasing number of picture tubes) Tests for inter -element shorts and leakages 

EASY TO USE: up to 5 megohms. 

Simply insert line cord into any 110 volt Tests for open elements 

A.C. outlet, then attach tester socket to Model TV-40 C.R.T. Tube 

5NET 
tube bass (Lon Trap Need Nof Be on Tas}ar comes 

Tube). Throw switch u for ualit test comletnothing a 
P 9 Y b Housed in round cor- 

. read direct on Good -Bad scale. Throw tared, molded bakelite 
switch down for all leakage tests. case. Only 

85 

SHIPPEp ON APPROVA 
NO MONEY WITH ORDER -NO C.O.D. 
Try +say of the above Ia- 

e£ruments for 10 days before 
you buy. If completely. sat- 
isfied Men send down pay- 
ment and pry balance a0 in- 
dicated on coupon. Ne In- 
terest ar Finance Chsrges 
Added! I" not comp eteLy 
eatiefeet return unit to us. 
no explanation neceeearr. 

MOSS ELECTRONIC DISTRIBUTING CO., INC. 
Sept. D -118 3849 Tenth Ave., New York 34, N.Y. I 

Please send me the units checked. I agree no peg down payment Name I 
within 10 days and to pay the monthly balance os shown. It I 
is understood there will be no finance, interest or any other addreas 
Charges, provided I send my monthly payments when due. It 
is further understood that should I fail to make payment when I 
Cue Cu , the Poll unpaid balance shall became immediately doe City Zone. . State. 
and payable. 

Meas1 
..7,-4. 

.......__...Total Prlw Ste.an Muant TV..l ........... ..Total Price san.50 Model TV -a0 Total Prlro SrS.e3I ,] mesa s 
áeiao *c. 

aloe s3.ao O mssiso w so r. oleo sa.00 sits .,'tln so a rx uie,ce se.00I 
entntr for m on r rornB m néñr m n nIY tar 3 mon<ha. 
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11_111J_ 111111 A PRIMER ON CAPACITORS TT TTT TTTTTT 
L 1 
T How a Capacitor Works T 
1 (Continued from the February issue) 

When voltage is applied to a capacitor it doesn't charge instantly, nor does T 
I it discharge instantly. The charging and discharging time for capacitors of 

identical construction and the same capacitance, but differing in the dielectric 1 T material, depends on the dielectric. T 
This difference is of great importance in many circuits where rapid response 1 is necéssary such as timing, integrating (voltage- adding) and wave -shaping J. 

Tcircuits. 
Charging a capacitor nosy be compared with stretching a spring. Mechanical 

1 energy is stored in the spring and is released when the stretching force is 1 
Tremoved. 

It takes a finite time, both to stretch the spring and for it to return 
T to its original size. This corresponds to the time required to charge and dis- 

charge electrical energy stored in a capacitor. 
Differences in spring material, like differences in capacitor dielectrics, will T give different responses. Unlike metal springs, however, which respond directly T 

to a given force, the practical capacitor has a slightly delayed charge and 
_L discharge. The charge appears to be absorbed very quickly at first, and then 1 

Ttapers off. The converse is true on discharge. The dielectric appears to soak T 
in part of the charge and then release it gradually. If you discharge a capacitor 

_L and then leave it for a period, you will find that a voltage will reappear across 1 Tits terminals. Although this voltage will be less than the original voltage to 
which the capacitor was charged, it may be appreciable and even lethal in I 

T 1 the case of high voltage paper capacitors such as those used for transmitter 1 Tpower supplies. And many an experimenter, building a "low voltage" 450 - 
volt electronic photo flash power supply has been uncomfortably jolted by a 
175 volt charge which reappeared on the terminals of an electrolytic capacitor 
discharged ten minutes previously. It is always good practice to leave a -L 
shorting bar or wire across the terminals of capacitors for a sufficient period T 

I of time to make sure that they have been completely discharged, especially 
when dealing with high voltages. 1 

The capacitor dielectric which has the lowest "soak" or "dielectric hysteresis" T 
is polystyrene. Because of this, capacitors made with polystyrene film, such as 

T 
Sprague Styracon units, are finding wide use, not only in timing circuits but 1 
in the integrating circuits of certain types of electronic computers. At the 

T other end of the scale in "soak" are the so- called aluminum electrolytic 
L capacitors. In between in their dielectric hysteresis properties are capacitors _L 

Tmade of other types of plastic film, metal, mica, ceramic and paper capacitors 
impregnated with various liquid and solid impregnants. More detailed data 

1 about them will be given later in this series. 1 -To be continued in June issue- 
T 

1 1 1 1 This informative message is No. 4 of a Series contributed by 1 1 -L 1 TT Sprague, the world's largest manufacturer of capacitors. T T T 
I Write Sprague Producto Co., N. Adams, Mama., for complete Sprague catalog. 



Electronics 

Music 

with the 

THEREMIN 

By LOUIS E. GARNER, JR. 

The musical instrument which is 
played without being touched- 
an advanced hobbyist can build it. 

FRAMED by a spotlight, the musician 
stepped to the center of the stage and 

stood before his instrument. The expectant 
audience was hushed. Smiling, he lifted 
his arms. Eerie sounds came forth .. . 

wailings and howls, the call of a banshee, 
the rise and fall of a siren, moans and 
screechings. He dropped his arms and 
there was silence. Then he raised his arms 
again, and sound flooded the room. But no 
eerie howls or weird moans this time: in- 
stead, music, a lilting popular tune, with 
each note distinct and pure... . 

Mystifying? Yes. 
Fascinating? Definitely. 
Unusual? Perhaps. 
Impossible? No!! 
Almost any one with practice can dupli- 

cate the feats described if he uses a There - 
min, one of the most interesting of elec- 
tronic musical instruments. For with it, it 
is possible to bring forth the eerie howls 
and moans used in suspense movies and 
television shows or play the pure notes of 

April, 1955 

a popular tune. And all by only waving 
one's arms! 

The Theremin shown in the photographs 
is a "natural" for the home builder and 
electronics hobbyist. Although it provides 
many of the features found in complicated 
units and expensive commercial instru- 
ments, it is inexpensive and fairly easy to 
assemble. It's not a project for the begin- 
ner; for those who've "cut their teeth" on 
a few simple projects, this is their meat. 

And, once the unit has been completely 
assembled, there will be lots of uses for it. 
Friends will applaud and enemies will ad- 
mire the handiwork, for the Theremin is 
so mysterious to the average layman that 
it has an almost supernatural aura about 
it. And it can be used not only to play 
tunes, but to provide background sound 
effects for amateur theatricals. A com- 
plete show can be produced by combining 
its abilities to emit both music and sound 
effects. 

After seeing it demonstrated, one of the 
first questions people ask is, "How does it 
work ?" Let's dispose of that question right 
off, before discussing the construction of 
the instrument. 

Refer to the block diagram. The opera - 
ton of the Theremin depends on three basic 
things: (1) that the frequency of an oscil- 
lator may be changed by varying its stray 
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The completed Theremin in a stand- 
ard amplifier foundation cabinet. 
If desired, a housing of wood or 
other material can be used instead. 

capacities to ground; (2) that the output 
of an oscillator may be varied by changing 
its capacities to ground; and (3) that two 
signals, when combined in an electronic 
mixer, produce an output signal whose 
frequency is the difference frequency of 
the two original signals. Thus, if we com- 
bine signals of 200 kc. and 203 kc., we can 
obtain an output signal of 3 kc. (203 - 
200 = 3). The sum frequency (403 kc. in 
the example) is also produced by mixing 
action, but is not used in the Theremin. 

Functional block diagram of Theremin. This 
diagram, with a block for each vacuum tube 
stage and other important circuits, shows 
main steps in sound production and control. 

CONTROL 
ANTENNA 

"VOLUME.. 
CONTROL 
ANTENNA 

FIABLE 
FR EC VE NC 

ONE 
LONT ROL 
DOC 6CG 

RI ABLE 
OUTPUT 
VOLUME 
CONTROL 

05C 6AT6 

FIRED FREO 
BEAT 

O5o 
AND MISE^' 

EVES 

FF FI'_TER 
NET BORIE 

Ce, R8. CS 

VOLUME OR 
GAIN 

CONTROL 
RS 

AG (ABLE 
CAIN 

OUTPUT 
AM{ L(FIER 

E AU6 

PONER SUPPLY 
(TO ALL STAG =5) 

5UO 

I17VAC 

TO 
AUDIO 
AMP 
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In operation, the signals from a variable 
frequency r.f. oscillator (the 6C4 stage) 
are combined with the signals from a fixed 
frequency r.f. oscillator in a mixer stage 
(6BE6). The difference frequency output, 
an audio frequency, is fed through a filter 
circuit to remove any r.f. signals that 
might remain and then to a variable gain 
amplifier (6AU6). The amount of ampli- 
fication given by the 6AU6 stage depends 
on its grid bias and this, in turn, depends 
on the output of a third high frequency 
oscillator (6AT6). One antenna permits 
the operator to vary the frequency of the 
6C4 oscillator ( "T" or tone control anten- 
na) and hence the pitch of the note pro- 
duced. Another antenna permits the op- 
erator to vary the output of the 6AT6 os- 
cillator ( "V" or volume control antenna) 
and hence the loudness of the note. By 
moving his hands closer to and away from 
the two antennas, the musician changes 
capacities to ground in the two oscillators, 
and can play any note desired. 

But enough of theory- here's how to 
build the Theremin: 

Construction Hints: The Theremin shown 
in the photographs was assembled on a 
commercially available "amplifier founda- 
tion" to give the completed instrument 
a professional, factory -built appearance. 
Those who are handy with tools might pre- 
fer to design and build their own cabinets. 
Holes are drilled and punched in the chas- 
sis for mounting tube sockets, controls, 

POPULAR ELECTRONICS 



The Theremin chas- 
sis base, showing 
holes which must be 
cut or drilled, except 
holes for "V" insula- 
tor at left and parts 
at rear of chassis. 

Bottom view of the 
chassis after all of 
the components ex- 
cept the filter choke 
have been mounted, 
but before any of the 
wiring is complete. 

Bottom view of the 
chassis completely 
wired. See the fol- 
lowing pages for de- 
tail photographs and 
schematic and pic- 
torial diagrams. 

April, 1955 
21 



TONE 
CONTROL 
ANTENNA 

TUNING 10K 

R3 

GNP 
R5 

GRD 

L2gK 

600} 

C6 

C9 

CHI 

C24 

CIO 

,'ó8óö, 
LA 

OO OQ 
6AT6 LI 

V3 

16 

C15 

VOLUME 
CONTROL 
ANTENNA 

014 

C22 + C21 t+ C20í+ C19 

RIO 
503 

EI, OUTPUT 
¡` 3V ITO AU010 

AMPLIFIER/ 

Cl2 

VELLO 

YELLOW 

68E6 
TUBE 

V2 

Ctt 

BLOC 

CONNECT TO 

Rr, Ro, R2- 47,000 ohm, 1/2 w. carbon res. 
Ro, Ra, Rs, Roo, Ros- 100,000 ohm, 1/2 W. carbon res. 
R4-1500 ohm, I w. carbon res. 
Re -18,000 ohm, 1/2 w. carbon res. 
R9- 500,000 ohm, carbon pot., audio taper 
Rio -1500 ohm, 1/2 w. carbon res. 
Rn, Rio- 220,000 ohm, 1/2 w. carbon res. 
Rio-1 megohm, V2 w. carbon res. 
Ris- 150,000 ohm, 1/2 w. carbon res. 
Co-15 -30 µµtd. (max.) tuning capacitor (Bud LC -2077, 

National PSE -25, Cardwell PL -6002, etc.) 
Co, Cs-340 µµtd. padder capacitors (Arco 303) 
C3, C5 -100 µpfd. tubular ceramic capacitors 
Co. Ca4-0.01 pfd. disc ceramic capacitor 
C7-0.05 pfd., 600 v. paper tubular capacitor 
Ca, C9-270 µpfd. tubular ceramic capacitors 

Coo, Ca, Co3, C/T, Cie -0.01 pfd., 600 v. paper tubular 
capacitors 

Cra, C14-0.1 Aid., 400 v. paper tubular capacitors 
Cos -500 µpfd., tubular ceramic capacitor 
Coe- Trimmer (part of Lo and L4 coil assembly) 
C1e-40 pfd., 450 v. tubular electrolytic capacitor 
Coo, Coo, Coo, C23- 10/10/10/10 pfd., 450 v. quadruple 

section upright electrolytic capacitor (Mallory 
FP 434) 

CNr -8.5 hy., 50 ma., 400 ohm filter choke (Merit 
C -2981) 

to -Open circuit phone jack 
Lo, L4, Cos-R. f. choke, oscillator coil, and trimmer 

assembly (Miller 695) 
L2, La- Oscillator coils (Miller 5481 -K) 
So- S.p.s,t. toggle switch (Power) 
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CONNECT TO -029,. 
A) 

CIO `/- 
CONNECT TO 

6AT6 
TUBE 

V3 

CONNECT 
TO GND 
LUG ON V4 

T, -Power transformer (240 -0 -240 v. (n 50 ma., 5 v. 
i 2 a., 6.3 v. (<I. 2.6 a. Merit P -2958) 

V,- 6C4 tube 
11,-6BE6 tube 
V., -6AT6 tube 
V4 -6AU6 tube 
V., -51-3GT tube 
Misc. -Small amplifier foundation (Bud CA -1750 or 

ICA 3980) 
Bottom plate to fit amplifier foundation 
Extractor fuse post and 2 ampere fuse to fit 
Pilot lamp jewel, bracket, and 6.3 volt pilot lamp 

bulb 
Two small feed -through insulators 
Four 7 -pin miniature tube sockets 
One octal socket 

OUTPUT 

AMPLIFIER R) 

TO 
"VOLUME CONTROL" 

ANTENNA 

Two 5- terminal tie -point strips 
One 2- terminal tie -point strip 
Two small knobs 
Two kitchen cabinet handle (unless handles are 

supplied with the amplifier foundation) 
One sheet Reynolds "do-it-yourself" aluminum 
One length Reynolds "do-it-yourself" U- channel 

aluminum 
Line cord and plug 
Rubber grommet, rivets, screws, nuts, wire, 

solder, ground lugs, decals, other hardware 
Microphone stand and adapter (Atlas CS -33 and 

AD -11) 
Shielded cable with connectors to fit phone jack 

and arplifier 
Total cost, less amplifier and speaker: under $40. 
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Close-up view showing wiring 
of "tone control" and fixed 
oscillators and mixer stage. 

terminal strips and other components. Lay- 
out is not too critical, but the photographs 
and drawings should be followed fairly 
closely. The locations of the power trans- 
former (T1) and filter choke (CH,) are es- 
pecially important. The completed instru- 
ment is designed to mount on a standard 
microphone stand and, for maximum sta- 
bility, it is essential that the heaviest 
weight be more or less centered on the 
chassis. 

The sizes of some of the mounting holes 
will depend on the particular components 
obtained. This is especially true of the 
tuning capacitors (Ci, C2, CO, the pilot light 
bracket, and the feed -through insulators. 
So don't complete the machine work until 
all critical parts are on hand. Once the 
machine work on the chassis is completed, 
however, the controls can be labeled with 
standard decals. These should be protected 
with at least two coats of clear plastic, 
sprayed on after application and after the 
decals have had a chance to dry thor- 
oughly. 

Mount the carrying handle on the top of 
the cover. Some commercial amplifier 
foundations are supplied with handles, but 
these generally mount on the ends of the 
chassis, where they would interfere with 
the control antennas. If no handle is sup- 
plied, use a kitchen cabinet handle. These 
can be obtained at the nearest hardware 
store. 

Parts are mounted with small machine 
screws and hex nuts. If the finished in- 
strument is to be carried arbund quite a 

bit, use lockwashers. The filter choke (CH2) 
mounts on the back apron of the chassis 
but, for ease in wiring, this part should 
not be installed until the wiring is nearly 
completed. Do not draw up the nuts on 
the feed -through insulators too tightly; it 
is possible to crack the insulation and 
damage these components. Use the metal 
mounting plate furnished with the electro- 
lytic capacitor (Cao, Cn, C22, C22) for mount- 
ing this part. 

Wiring Suggestions: Follow the dia- 
grams and photographs closely when wir- 
ing the unit. Use rosin core solder only. 
Lead dress is not too critical, but reason- 
ably short and direct connections should 
be employed. Commercially available coils 
are used throughout, so don't worry about 
winding your own. The r.f. choke (L.), 
"volume control" oscillator coil (CH,), and 
adjustment capacitor (C14) are all part of 
one commercially available assembly. 

It is easiest to wire the Theremin by 
stages, whether all the work is done at one 
sitting, or spread over several evenings. 
Complete the filament, power switch and 
fuse, and power supply wiring first. Then 
wire the rest of the unit a stage at a 
time. 

Final Steps: With the wiring completed 
and double- checked for accuracy, the con- 
trol knobs, tubes, pilot lamp bulb, and fuse 
can be installed. Then set the unit aside 
temporarily -there are a few jobs remain- 
ing before final tests and adjustments are 
made. 

Mount the Atlas AD -11 adapter in the 
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center of the bottom plate, using short 6 -32 
machine screws and hex nuts. Drill or 
punch a 1 /z" hole in the plate, located so 
that it falls just below C,0 when the bot- 
tom plate is installed. This hole may be 
covered with a standard "snap hole plug." 
The control antennas are made up by cut- 
ting large letters ( "T" and "V ") out of 
thin sheet aluminum and mounting these 
letters on brackets made from small 
U- channel aluminum. Either rivets or 
sheet metal screws may be used for at- 
taching the letters to their brackets. Exact 
dimensions are not critical, but, in the 
model, the brackets are about 12" long and 
the letters measure approximately 10" x 
10" overall. 

In order to keep the circuit simple and 
the cost low, no audio amplifier has been 
incorporated into the instrument, and it is 
necessary that a small audio amplifier be 
provided as an accessory. For small get - 
togethers, use the amplifier described in 
"A Compact Public Address System" in 
the November, 1954, issue of POPULAR 
ELECTRONICS. But for the larger audito- 
riums, you'll want a more powerful unit. 
For home use, use the audio amplifier in 
a home radio; connect to the phono jack. 
But regardless of the audio amplifier used, 
a shielded cable will be needed to connect 
the Theremin and amplifier together. Use 
standard microphone cable and keep the 
length reasonably short (under 10 feet if 
possible). Terminate one end in a stand- 
ard 'phone plug to fit the Theremin (J,) 
and the other end in a connector to fit the 
mike input to the amplifier or the phono 
jack of the radio. 

Adjusting the Theremin: With the bottom 
plate in place, install the Theremin on its 
mike stand. Install the control antennas, 

using standard wing nuts (these permit 
the antennas to be removed easily when- 
ever desired). Remove the top cover. Ad- 
just the TUNING control, C,, to about half 
capacity. Adjust the other variable capac- 
itors, C,, CO, and C,6, to full capacity by 
tightening the screws. Don't exert too 
much pressure; snugly tight is good 
enough. Use an insulated alignment tool 
when adjusting these capacitors. Connect 
the Theremin and the audio amplifier to- 
gether with the shielded cable. Turn the 
GAIN controls of both units all the way 
up. Turn both on and allow several min- 
utes warm -up. Later, as the preliminary 
adjustments are completed, the GAIN con- 
trols can be readjusted. 

Using an insulated alignment tool, back 
off the screw of the "fixed" oscillator 
tuning capacitor, C., about 1/2 to 2 full 
turns. This reduces the capacity some- 
what. The exact setting is not too critical, 
but don't use more than 2 turns. 

Next, with one hand on the "V" (or vol- 
ume control) antenna, and keeping back 
from the "T" antenna, gradually adjust C. 
with the alignment tool. As this capacitor 
is adjusted, listen for the following condi- 
tion: a high pitched signal, gradually drop- 
ping in pitch to a low frequency, with the 
sound finally dropping out entirely (zero 
beat) ; and, as further adjustment is made, 
the low frequency signal being heard 
again, gradually increasing in pitch to a 
very high frequency and finally dropping 
out entirely. This may occur at several 
points. However, proper adjustment of C. 
is where maximum volume is obtained 
on either side of zero beat. Final adjust- 
ment to zero beat is made with the top 
cover in place, using the TUNING con- 
trol, C,. 

Close -up view showing wiring 
of "volume control" oscillator 
and part of the power supply. 
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The "volume control" and "tone control" an- 
tennas: they can be fastened to the U -chan- 
nels by either sheet metal screws or rivets. 

To adjust Cie, set the TUNING control 
slightly off its "zero" beat position so that 
a steady tone is heard when the "V" an- 
tenna is touched. Next, adjust Cie, again 
using an insulated alignment tool, for the 
desired operation of the volume control 
antenna. The volume control circuit has 
been designed to have less sensitivity than 
the tone control circuit, permitting a be- 
ginner to master the instrument with a 
minimum of practice. When Cie is properly 
adjusted, maximum volume should be ob- 
tained just as the antenna is firmly 
touched with the hand. With the hand re- 
moved, and away from the antenna, the 
sound level should be very low, almost in- 
audible, if not gone entirely. 

Using the Theremin: Skill in using the 
Theremin is acquired only through prac- 

tice and familiarity with the instrument, 
but there are a few fundamentals which 
should be remembered : 

1. Always make sure the instrument is 
properly set to "zero beat" before starting 
a show or playing a piece. Generally, this 
is done by adjusting the TUNING control, 
Ci, but if the instrument has been jostled 
a bit or hasn't been used for some time, 
readjustment of C: and Ca may be neces- 
sary. 

2. To change volume, bring the hand up 
to the "V" (volume control) antenna, 
touching it if necessary. A wavering sound 
can be obtained by moving the hand back 
and forth. 

3. To change pitch, move the hand closer 
to or further away from the "T" (tone 
control) antenna. It will be noted that it 
is more sensitive than the "V" antenna. 
The other hand must be near the "V" an- 
tenna, of course, whenever a sound is to 
be produced. 

4. To sound individual notes, keep the 
hand away from the "V" antenna until the 
other hand is in position at the proper dis- 
tance from the "T" antenna to sound the 
note desired; proper position is learned by 
experiment. Then bring the hand up to 
the "V" antenna, without moving the other 
hand (near the "T" antenna), long enough 
to sound the note desired. Finally, move 
the "V" control hand away quickly before 
shifting the position of the "T" control 
hand. 

5. Practice! Practice! Practice! Prac- 
tice! 

A lot of fun can be had experimenting 
with the Theremin, even if you never take 
the time to become an accomplished mu- 
sician with the instrument! END 

A detail view of mounting 
of one control antenna to 
its feed- through insulator: 

Chassis bottom plate with 
adapter for mike stand and 
hole to reach the volume 
control adjustment, Cie. 

26 

tt, Yt.t 
:cE 

189120M PLATF. 
tiN PLp!- ,"_, 

POPULAR ELECTRONICS 



Negative light, produced by contra -polar enerçy, removes light from the area affected. 

Contra -Polar Energy 
In keeping with the first day of April 

MANY developments in electronics which 
took place during World War II are 

still secret, because of the requirements of 
military security. However, the announced 
policy of the Government is not to apply 
security classifications to information 
which might be of use to the general pub- 
lic unless such classification will serve an 
actual military requirement. Also security 
classifications are removed when the con- 
ditions which originally necessitated them 
no longer exist. POPULAR ELECTRONICS 
is now in a position to reveal to the general 
public one of the most interesting phenom- 
ena yet discovered in the field of elec- 
tronics -that of "contra -polar energy." 

Those who are familiar with the develop- 
ment of the atomic bomb will remember 
that the feasibility of the bomb was first 
demonstrated mathematically by Dr. Lise 
Meitner, the German mathematician, sev- 
eral years before World War II, and that 
its theoretical feasibility was first called 
to the attention of our Government by Dr. 
Albert Einstein. The problem then became 
one of finding out how to apply the mathe- 
matical formulae. The case of "contra - 
polar energy" is similar, but, since some of 
April, 1955 

our readers may be more interested in the 
applications of the new principle than in 
the mathematical basis of it, we shall defer 
the mathematics to the end of this article. 

The photographs on these pages illus- 
trate three simple applications of "contra - 
polar energy," which are useful to the gen- 
eral electronic hobbyist and experimenter. 
In two cases, where "contra -polar energy" 
is applied to a soldering iron and an elec- 
tric hot plate, heat is not produced, but 
taken away, and cold results, as proved by 
the formation of ice crystals on the solder- 
ing iron and freezing of water in the ice - 
cube tray. When "contra -polar energy" is 
applied to an ordinary table lamp, light is 
not produced, but taken away, and the area 
affected by the lamp becomes dark. (Edi- 
tor's Note: This phenomenon should not be 
confused with "black light, " so -called, which 
actually is merely light without any visible 
elements. As far as the human eye is con- 
cerned, "black light" is equivalent to zero 
light; the light produced by contra -polar 
energy might be designated "negative 
light," since it subtracts from light already 
present.) 

One of the reasons why atomic energy 
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Contra -polar energy 
makes a "hot plate" act 
as a "cold plate," which 
will remove heat instead 
of producing it, thus freez- 
ing ice cubes as shown. 

has not yet become popular among home 
experimenters is that an understanding of 
its production requires a knowledge of 
very advanced mathematics. Contra -polar 
energy, on the other hand, can be explained 
by simple algebra. Many of our readers 
are, no doubt, familiar with the formula 
for the resonant frequency of an LC cir- 
cuit, 

1 
f= 

2irV LC 

This formula involves a square root; ele- 
mentary algebra tells us that the square 
root of a positive number may be either 
positive or negative. That is, + 4 equals 
either + 2 times + 2 of. -2 times - 2, so 
the square root of + 4 equals either + 2 
or - 2. If the square root of LC may be 
either positive or negative, it follows that 
f, the resonant frequency of the circuit, 
may be either positive or negative. 

Now, the reactance of an inductance is 
proportional to the frequency used; if the 
frequency is negative, the reactance would 
be negative. The current through an in- 
ductance is equal to the voltage divided by 
the reactance and a negative reactance 
would produce a negative current. A small 

amount of resistance in series with the in- 
ductance would not shift the phase of the 
current very much and the current through 
the resistance would still be negative, or 
180 degrees out of phase with the voltage. 
Power dissipated in the resistance would 
be equal to the voltage multiplied by the 
current, but if the voltage is positive and 
the current negative, the power would be 
negative. In other words, with an alter- 
nating voltage of negative frequency ap- 
plied to a large inductance and a small 
resistance in series, the resistance would 
not absorb power, it would deliver power!' 
It has been known for some time that so- 
called "negative resistance," as in the dy- 
natrona and transitrona, would deliver 
power, but this is the first indication that 
ordinary positive resistance also can be 
made to deliver power'. END 

I Those of our readers who may be unfamiliar with 
the foregoing mathematical relationships between elec- 
trical quantities can find an explanation of them in 
any standard textbook. 

2Albert W. Hull. "The Dynatron -A Vacuum Tube 
Possessing Negative Electrical Resistance," Proceedings 
of the Institute of Radio Engineers, Vol. 6, P. 5, 1918. 

a E. W. Herold. "Negative Resistance and Devices for 
Obtaining It." Proceedings of the Institute of Radio 
Engineers, Vol. 23, p. 1201, 1935. 

4 Transactions of the Contra -Polar Energy Commis- 
sion, Vol. 45, pp. 1324 -1346 (Ed. Note -A reprint of 
a document found in a flying saucer). 
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Another effect of negative heat: when a sol- 
dering iron is plugged into a socket carrying 
contra -polar energy, ice crystals are formed. 
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Helicopter Finds 

Ideal Antenna Height 

THE German TV station at Torfhaus 
(Harz) solved the problem of finding 

the best antenna height for a new trans- 
mitter by putting a portable unit in a heli- 
copter and hovering over the spot where 
the tower was to be built. The 'copter 
stayed at each altitude for four or five 
minutes while 21 receivers noted the 
strength of the signals and reported back 
to a base camp. Tests were used to find if 
the antenna of the new station should be 
as low as 150 feet, or as high as 900 feet. 
The tests took two weeks and saved the 
future station several thousand dollars in 
research expenses. 

Predict Radar Maps in 1985 Aviation 
TO CELEBRATE "Thirty Years of Serv- 

ice" Trans -World Airlines recently in- 
vited predictions and comments from lead- 
ing engineers and scientists throughout the 
world. Optimistic reports Dn the next thir- 
ty years of aviation were given by Dr. 
Wernher von Braun, chief of Guided Mis- 
siles Development Division at the Red 
Stone Arsenal, Mr. Hall Hibbard of Lock- 
heed Aircraft, and Dr. Fred L. Whipple, 
chairman of the Department of Astron- 
omy, Harvard University. 

Dr. Whipple predicted that by 1985 all 
aircraft will be provided with a new, and 
presently unknown, form of "radar map." 
This map will display a three -dimensional 
picture of the area surrounding the plane 
and will provide advance warning of im- 
pending danger, as well as coordinating 
its flight with those aircraft surrounding it. 

TWA is also sponsoring a "Cosmic Con- 
test" which will award $50,000 in 1985 to 
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Dr. Wernher von Braun (left) of V2 fame and 
Dr. Fred Whipple discuss the next thirty years 

in aviation at the Hayden Planetarium. 

the person who can describe before July 
31st of this year the most accurate picture 
of air transportation thirty years in the fu- 
ture. Further details may be obtained 
from TWA, Box 85, New York 46, N. Y. 

His Voice Starts Engine 

ASPECIAL microphone has been hooked 
up by Frank Toles of San Leandro, 

California to start the motor of his truck 
upon the command, "Git goin', Honey!" 
Toles is a master mechanic for a road 
construction firm and has the truck en- 
gine driving various welding and battery - 
charging generators. Should the engine 
stall while Frank is within twenty feet of 
the truck he can start it up again with 
his yell and yodel. 
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By H. B. SMITH, 
W8VVD 

Amateur transmitters can be inexpensive and simple 

enough for a novice to build. Here is an example. 

nPERATING a novice ham station is not 
only interesting, but one of the few hob- 

bies where the participants can enjoy 
every minute of it with an outlay of only 
a few dollars. Catalogue prices of radio 
transmitters are disheartening when the 
pocketbook is thin, but putting a trans- 
mitter together for the novice ham bands 
is not an expensive proposition. This article 
describes a complete, easily- constructed 
transmitter that costs about $20.00 -if all 
the parts are purchased new. Or, the 
novice may purchase it in kit -form to save 
himself the trouble of punching holes in a 
suitable chassis. The photographs show 
the appearance of the completed trans- 
mitter. 

Assembling the Parts 

The first step to be taken after deciding 
to build this transmitter is to make a list 
of the parts required and to take it to 
the nearest ham radio jobber or distribu- 
tor. Ask for someone interested in ham 
radio -they generally have at least one 
ham on the staff -and get the salesclerk 
to take the parts out of stock, or to make 
suitable recommendations, if substitutions 
are required. Don't worry about substitut- 
ing other manufacturers' parts for the 
ones shown in our list. Radio parts of the 
specifications can be used regardless of 
the manufacturer. In the case of the 

30 

power transformer Ti we strongly recom- 
mend the one specified, because of the 
physical size and shape. A larger trans- 
former will require a larger chassis and a 
smaller one might not do the necessary 
work without overheating. 

Wiring and Construction 
This transmitter has been made very 

compact and the wiring procedure must 
be followed step -by -step. If it is not, the 
builder may find himself with the problem 
of squeezing one part into the space 
already occupied by another component 
previously soldered in place. 

Punch out the chassis holes for the four 
tube sockets with a Greenlee Punch, or 
comparable tool. Mount all of the sockets 
as shown in Fig. 1 with their keyways 
exactly in the positions in this drawing 
(this is very important). Now mount the 
two rotary switches, Si and S. The power 
transformer, Ti, is put in place with the 
color coded leads facing the directions 
shown in Fig. 1. Put a small soldering lug 
under the mounting nut in the lower left 
hand corner. Then bolt down the "termi- 
nal strip" with another soldering lug -this 
time under the right hand nut. 

Begin the wiring by twisting the two 
yellow leads together and then cutting and 
soldering them, one to pin 2, and the other 
to pin 8 of the 5Y3GT tube socket. Take 
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Fig. 1. This bottom view 
of the chassis shows the 
placement and orientation 
of the most important 
parts of the transmitter. 

the red /yellow lead and the green /yellow 
lead of T. and solder them to the solder- 
ing lug in the corner. Now run one red 
lead from T. to pin 4 of the 5Y3GT socket 
and the other red lead to pin 6. Twist the 
two green wires together and cut and solder 
them, respectively, to pins 2 and 7 of the 
6W6GT socket. The last step in the trans- 
former wiring is to cut one of the black 
wires so that it will connect to pin 1 of the 
5Y3GT socket and the other black wire to 
connect to pin 3. These pins are unused 
by this tube so it is safe to use them in 
place of soldering lugs. 

Cut and solder one of the leads from S, 
to pin 3 of the 5Y3GT socket. The other 

Fig. 2. Rear view of chassis, 
with 3.7 mc. band coil in place, 
showing antenna trimmer, C,, 
in series with transmission line. 

S, lead is connected to pin 5 of the 5Y3GT 
socket. The line cord runs through a 
grommet at the rear of chassis and is 
soldered to pins 1 and 5 of the 5Y3GT 
socket. 

To put the filter capacitor C. into the 
circuit, solder the red positive lead to pin 
8 of the 5Y3GT. The black, or negative 
lead is soldered to the lug near T,. Leave 
about 1% inches of wire on the positive 
lead before cutting and soldering. Now 
take the two resistors, R. and R., and twist 
their leads together so that they are paral- 
lel to one another. Then solder one of 
these twisted leads to pin 8 of the 5Y3GT 
and the other to the soldering lug under 
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one mounting screw for the terminal strip. 
With some hookup wire run a lead from 

pin 8 of the 5Y3GT to pin 2 of the L. coil 
socket. Another lead should run from pin 
2 of L, to pin 4 of the 6W6GT socket. Now 
cut one lead of C. so that it is 1/2 inch long 
and also solder it to pin 4 of the 6W6GT. 
Leave the other lead temporarily discon- 
nected. Run a lead from pin 5 of the 
6W6GT to pin 4 of the crystal socket. 
Connect together pins 1, 4, 5, and 8 of the 
crystal socket with a single piece of bare 
wire. Do the same to pins 2, 3, 6, and 7. 
Then solder a wire about 11/2 inch long to 
pin 3 of the crystal socket. Leave the other 
end temporarily disconnected. 

Shorten one lead of R. (33,000 ohms) 
until it is 1/2 inch long and solder to pin 7 
of the crystal socket. Fasten one lead of 
RFC, to pin 5 of the same socket. Shorten, 
twist and solder the leads from R. and 
RFCi together. 

Put a rubber grommet in the upper 
center hole on the front of the chassis. 
Press PLC into it until approximately 1/4 

inch of the glass bulb protrudes beyond 
the grommet (see photograph). Carefully 
solder to the tip of PLC one of the leads 
from switch S2 and a short lead running to 
the terminal strip. The other lead of S. 
is soldered to the threaded portion of PLC. 
Also run a wire from the threaded base of 
PLC to pin 4 of the L. socket. Then solder 
a wire between pin 1 of the L. socket and 

the last free tab on the terminal strip. 
Mount C. with a long soldering lug un- 

der the left hand screw as shown in Fig. 1. 
To make sure that the rotor plates of C. 
are grounded, solder a short lead from the 
wiping contact to the soldering lug. Then 
solder in the free wire running from pin 3 
of the crystal socket to this lug. One end 
of Ca is still hanging free and this should 
also be soldered to the lug under C.. 

Trim the leads of C. until it will just fit 
between pin 8 of the 6W6GT socket and 
the grounding lug under C,. Short pieces 
of spaghetti tubing should be fitted over 
these bare leads before they are soldered 
into place. Resistor R3 now has its leads 
trimmed until it will fit between pin 3 of 
the 6W6GT socket and pin 3 of the coil L. 
socket. A short wire is then soldered be- 
tween the fixed plates (stator) of C. and 
pin 3 of the coil socket. The connection 
to C. is made at the ends of one of the 
support arms. 

The last few wiring steps include mount- 
ing Jl and soldering a lead from unused 
pin 7 of the 5Y3GT socket and the springy 
contact of Ji. Then trim the leads of R. and 
put on short lengths of spaghetti tubing. 
Solder Ri between pins 8 of the 6W6GT 
socket and 7 of the 5Y3GT. 

Tuning Up the Transmitter 
We have now completed wiring the trans- 

mitter and it may be tested (provided of 
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Fig. 3. The schematic diagram of the 
Hart -25 shows that its circuit is rela- 
tively simple. 1, is the jack for the 
telegraph key. Note that the terminals 
of the octal crystal socket are connected 
so that the crystal will operate no 
matter how it is inserted in the socket. 
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Fig. 4. The pictorial wiring diagram of the transmitter shows how the parts are con 
nected; relative positions of the parts are not the same as on the actual chassis. 

R, -250 ohm, 5 w. wirewound res. 
Rz- 33,000 ohm, 1/2 w. res. 
Rt -27 ohm, 1 w. res. 
R, T- 330,000 ohm, 1 w. res. 
C1-140 µµtd. variable capacitor (Hammarlund APC 

140 with short length of 1/4" shaft added) 
Cz, Ct -.Ol Aid. disc ceramic capacitor 
C4-25-280 µµid. mica padder capacitor 
C1-20 µfd., 500 v., electrolytic capacitor 
I, -Open circuit phone jack 
L1 -3.7 mc. band: Plate coil 31 turns, #20 enamel 

closewound; Antenna coil 18 turns, #20 enam- 
el closewound; ICA type 2158 coil form 

Li -7 mc. band; Plate coil 16 turns, #20 enamel 
spaced diameter of wire; Antenna coil 13 turns, 
#20 enamel closewound; ICA type 2158 form 

RFC, -2.5 mhy. r.f. choke 
Sz, Sz- S.p.s.t. rotary switches (H and H type 41047) 
Tr -Power transformer, sec 650 v.c.t. @ 40 ma., 5 y. 

@ 2 a., 6.3 v. @ 2.0 a. (Stancor type PM -8406) 
TERMINAL STRIP -2 screw terminal strip 
V1-6W6GT tube 
Vt -5Y3GT tube 
PL1 - #46 pilot bulb 
XTAL -3.7 mc. or 7 mc. transmitting crystal 
Misc.- Screws, nuts, wire, solder 
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Fig. 5. Bottom view of the Hart -25 chassis. 
Most of the major components are visible, ex- 
cept the socket for Vi, the 6W6GT, which is 
hidden by the variable tuning capacitor, 

course, that the builder has a novice or 
ham ticket). Best results will always 
be obtained if a resonant antenna is used 
with this type of transmitter. Many an- 
tennas have been described in the various 
handbooks for amateurs. Make sure that 
the length of the antenna fits the oper- 
ating frequency. Connect the lead from 

the antenna to the "terminal strip" with 
capacitor C, in series with one lead. 

Plug in the tubes, coil, crystal, and tele- 
graph key. Turn on S. after the a.c. line 
cord is connected. Hold the key down and 
rotate C1 until PLC glows. If the bulb does 
not glow it may be that Sa is shorting it 
out. Throw 52 and then attempt to make 
PL, glow. After it has started to glow, 
rotate C, and C1 to get maximum brilliance. 
When it is glowing the brightest, the trans- 
mitter is drawing between 22 and 26 watts 
and is putting out around 9 watts of c.w. 

When the transmitter is tuned, throw 
S2 to short out PLC again. It may be used 
occasionally to check the tuning, but when 
left continuously in the circuit it will burn 
up valuable antenna power. 

Warning: This transmitter is safe ac- 
cording to modern electrical standards. 
However, do not work on it while the a.c. 
line cord is connected. Electric shocks can 
be fatal. 

A kit containing all of the parts and 
components used in the construction of 
this transmitter is available from Hart 
Industries, 467 Park Ave., Birmingham, 
Mich. Additional information may be ob- 
tained by writing to the above ad- 
dress. END 

Quick Connection Phone Plugs 
MANY experimenters 

will soon discover the 
person who designed the 
first phone plug did not 
do so for easy connection 
and disconnection of 
phone cord tips. Plastic 
salt and pepper shakers 
make an easy and hand- 
some adapter to hold 
phone tip jacks. Empty 
celluplastic pill contain- 
ers may also be used, al- 
though the salt shaker is 
shown in the accompany- 
ing photograph. Construc- 
tion is simple. Unscrew 
the sleeve on the phone plug and attach 
two wires at least two inches long to the 
terminals. Drill a hole in the center of the 

shaking end of the salt shaker. Enlarge 
the hole to fit snugly the threads of the 
phone plug. Now drill two holes 1/4 -inch in 

diameter in the opposite 
end. Into these holes 
force fit the two tip 
jacks. Solder the wire 
leads from the plug to the 
tip jacks and snap the 
end with the jacks back 
into place. Now the phone 
tips are out in the open 
and easy to connect and 
disconnect. A.T. 

POPULAR ELECTRONICS 34 

t 

i 



Above, the new record- 
er. Right, on- the -spot 
recording is one of its 
numerous applications. 

first 
Pocket 

Tape Recorder 
THE man on the road or the one who takes 

his work home can have a new electronic 
assistant at his side with the development 
of the world's first pocket tape recorder, 
the "Midgetape." 

Battery -powered, the new recorder is the 
only one on the market which is cartridge - 
loaded. The magnetic tape is wound inside 
a cartridge about the size of a package of 
cigarertes and is inserted into the unit. Thus 
no tape threading is required. The "Midge - 

Loading the recorder with tape cartridge 
is as simple as loading a camera with film. 
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tape" has only three controls, records for 
one hour on dual track tape, and simul- 
taneously erases old material as new re- 
cordings are made. 

Hearing -aid type batteries, which snap - 
fasten into the device, have an extended 
life of over 45 hours. A useful feature 
is the battery life indicator, a small red 
light, which goes off when the battery has 
only two hours of recording time left. 

Accessories add to the "Midgetape's" ver- 
satility. Among these are a wristwatch mi- 
crophone, shoulder holster carrying case, 
and two -way telephone recording adapter. 
Because "Midegtape" will record anywhere, 
it suggests itself for a wide range of uses. 

The new recorder measures 81/_>" long by 
3 %" wide by l' /s" deep and weighs only 
31/2 pounds. It is priced at $229.50, which 
includes a recording cartridge, batteries, 
crystal microphone, and earphone. 

Full details and descriptive literature are 
available from the manufacturer, the Mo- 
hawk Business Machines Corporation, 944 
Halsey Street, Brooklyn 33, N. Y. END 
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By 

LLOYD B. HUST Compact 
AM Tuner 

N THE last few years the advent of FM 
broadcasting has made possible the re- 

ception of high quality music and one of 
the "musts" of the hi -fi enthusiast is a 
good FM tuner. However, there are still 
numerous areas where FM reception is not 
possible. Listeners in those areas must con- 
tent themselves with AM radio. Although 
the range of music broadcasted by an AM 
system under present FCC standards is 
limited by the 10 kc. bandwidth regulation, 
and although AM broadcasting does not 
have the immunity from static and other 
interference that FM broadcasting does, 
very good results can be had from AM 
when necessity demands. The AM coverage 
of this country by good high -powered sta- 
tions helps to minimize the interference 
difficulty, while careful standards set up by 
the stations and networks allow good mu- 
sic to be received in those areas not cov- 
ered by FM, even though the bandwidth 
may not be so great. 

This little tuner is not elaborate nor com- 
plicated in any respect. It was originally 
built because of the author's need for a 
tuner to use with his tape recorder, and it 
serves its purpose admirably. It was not 
designed to be part of so- called high fidelity 
equipment, but when it is used with a hi -fi 
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amplifier which the author possesses, the 
results far surpass those obtained by ex- 
pensive console type radios. As an auxiliary 
for a tape recorder, it is very useful, and 
its small size makes it handy in those ap- 
plications where portability is required. 

Another suggested use for this tuner is in 
combination with a television set. Many 
homes now equipped with television receiv- 
ers miss many good radio programs simply 
because of the fact that a radio and a TV 
set often cause overcrowding of a small 
room. The small size of this tuner makes 
it a simple matter to convert most televi- 
sion sets into television -radio combinations. 
A slight cabinet modification will allow for 
mounting the tuner as part of the TV set, 
or it can be mounted on top of the set in a 
small cabinet of a size convenient to house 
the tuner. The power needed for the tuner 
can be obtained from the TV set as the cur- 
rent drain is small, and the output of the 
tuner can be plugged into the phono jack 
provided on the TV set. In order to operate 
the set as a radio, the "TV- Phono" switch 
is merely turned to "Phono" position and 
the set can then be used as an ordinary ra- 
dio. (Most TV sets are designed to be used 
with a record player and have a phono plug 
and switch built in.) It should be noted that 
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This handy tuner will make an AM broadcast receiver of 

any television receiver or high fidelity audio amplifier. 

this tuner cannot be used conveniently with 
a TV set of the transformerless type. 

A look at the schematic diagram will show 
that the tuner uses a standard superhetero- 
dyne circuit. Some may criticize this de- 
sign because of the well -known fact that a 
wider band of frequencies can be received 
by a tuned r.f. circuit than with a superhet. 
However, nearly every area now is covered 
by so many stations that the interference 
problems which would be presented by a 
t.r.f. circuit would more than offset any 
advantage such a set might have with re- 
spect to the quality of the signal received. 
Furthermore, a superheterodyne type of set 
can easily receive the full 10 kc. bandwidth 
of present -day AM broadcasting if it is 
properly designed. 

A word or two by way of description of 
the tuner would be of help to the prospec- 
tive builder. The antenna coil is tuned by 
one section of the tuning capacitor and 
from this combination the signal is fed to 
the signal grid of V,, the 6BE6 tube. The 
oscillator coil is tuned by the second section 
of the capacitor and this combination is 
connected to the oscillator section of V,. 
The output of V, is fed to V. through the 
first i.f. transformer; V. is the i.f. amplifier, 
and its output is fed to the diode section of 
V. through the second i.f. transformer. The 
audio signal is developed across R. as is the 
a.v.c. voltage. The a.v.c. voltage is applied 
to the mixer and i.f. stage as shown in the 
schematic, while the audio signal is applied 
to the grid of V3, and the output of the unit 
is taken from the plate of V. through C,o. 

The use of one audio stage with this tuner 
makes possible its use even with amplifiers 
of very low gain. 

The power for the tuner is taken from the 
device with which it is to be used. A 4 -con- 
tact Jones socket can be wired into the 
amplifier or TV receiver with which the 
tuner is to be used, or any other type of 
connector desired by the builder can make 
this connection. The voltages needed are 
6.3 volts a.c. or d.c. for the heater circuit, 
and 100 to 250 volts d.c. for the plate cir- 
cuit. If a voltage supply of less than 125 is 
to be used, R. can be eliminated from the 
circuit. Most transformer -operated power 
supplies will deliver in the neighborhood of 
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250 volts and this will operate the device 
very well. The output of the tuner is fed to 
the input of the amplifier by a plug of the 
type to fit the input socket of the amplifier 
-in the author's case a standard phone 
plug was used. 

Construction 
The chassis for the unit is made of alu- 

minum, and measures 3" x 5 ". Parts are 
mounted as shown in the photos. Although 
the various parts are placed close to- 
gether, there is no difficulty in wiring the 
unit. Most of the resistors and capacitors 
have long enough leads so very little 
hookup wire need be used. A small amount 
will be needed for filament and plate wir- 
ing and for some wiring between the vari- 
ous coils and sockets, but most leads can 
be kept very short. 

The r.f. coil is one of the popular "Vari- 
Loopsticks" and is mounted underneath the 
chassis on the small bracket supplied with 
the coil. The use of this coil makes it pos- 
sible to use the tuner with just a short 
length of wire as an antenna and still have 
good sensitivity. In addition, this coil pro- 
vides good selectivity characteristics, but 
its bandwidth is not so narrow as to cause 
much cutting of the sidebands. All of the 
capacitors in the unit except the a.v.c ca- 
pacitor and the capacitor in the plate of the 
audio stage are ceramic capacitors, which 
makes for easier wiring and more compact- 
ness than if the bulkier paper capacitors 
were used. Ceramic capacitors could have 
been used throughout. 

The i.f. transformers are standard "midg- 
et" 456 kc. units which are low in price, 
efficient in operation, and small in size. 
The oscillator coil is of the tapped type and 
is available at any parts house. It should 
be one designed for use with 456 kc. i.f. 
transformers. The tuning capacitor is a 
standard two- section unit, with capacitance 
of 365 pµfd. per section. Both sections are 
the same -in other words, this capacitor 
has no special cut section for the oscillator 
circuit. Such a capacitor could be used if 
one were available with the proper cut sec- 
tion to track with the oscillator coil used. 
If a capacitor of the cut section type is used, 
it will not be necessary to use Co, the pad- 
ding capacitor. The use of a capacitor with 
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identical sections requires the use of a pad- 
ding capacitor, but it eliminates any chance 
for poor tracking which would result if a 
cut section capacitor which did not match 
the oscillator coil were used. Since the ex- 
perimenter may have many of these parts 
on hand, he can judge best which would be 
better in his particular case. 

One or two observations concerning the 
wiring may be in order. Since one side of 
the filament supply or the center of the fila- 
ment supply is apt to be grounded in the 
amplifier with which this tuner is to be 
used, the builder should be careful not to 
ground either filament lead in the tuner or 
a short circuit might ensue. Grounds should 
be made as short and direct as possible, and, 
if an aluminum chassis is used, grounding 
lugs must be provided. A couple of solder- 
ing lug strips strategically placed will lead 
to ease and neatness of wiring. The padder 
capacitor, C6, can be a fixed unit, or a trim- 
mer type can be used. A fixed unit is a little 
more convenient. Its exact capacitance will 
depend on the oscillator coil used. A Miller 
Type 5480C coil will do nicely with a trim- 
mer of 400 µµfd. 

Alignment 
When the wiring has been finished and all 

connections to the amplifier have been made, 
it is necessary to make alignment adjust- 
ments. This can best be done with a signal 
generator using the following procedure: 
Connect the output from the signal gen- 
erator to the variable capacitor terminal 
in the signal grid section of Vr. The gen- 
erator should be tuned to 456 kc. The i.f. 
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The schematic and 
pictorial wiring dia- 
grams on the page op- 
posite should be fol- 
lowed when wiring the 
Compact AM Tuner. 

At left is an under - 
chassis view of the 
author's tuner, show- 
ing parts placement. 

transformers are adjusted for greatest out- 
put as heard from the speaker, or as deter- 
mined by an output meter. The generator 
is then tuned to 1400 kc. and the oscillator 
section of the tuning capacitor is adjusted 
to determine the calibration of 1400 kc. on 
the tuning dial. Then the other section of 
the tuning capacitor is adjusted for max- 
imum output at this frequency. The gen- 
erator is then set for 600 kc. and the dial 
turned until the signal is picked up. The 
slug of the "Vari- Loopstick" is adjusted for 
maximum output at this frequency. The set 
is now ready for operation. 

If a signal generator is not available, the 
tuner can be aligned using a broadcast sig- 
nal. The i.f. transformer settings are usual- 
ly near enough to the correct frequency so 
that a station can be tuned in without any 
adjustments. These can then be adjusted 
for peak output. After the i.f.'s have been 
peaked, a station in the vicinity of 1400 kc. 
should be tuned in for oscillator and r.f. ad- 
justments as outlined above. Then a station 
near 600 kc. can be tuned in and the "Vari- 
Loopstick" can be adjusted for maximum 
output. 

Although the musical results obtained by 
this tuner will not equal those of a good 
FM tuner, nevertheless it will perform very 
well. It can be used in a number of appli- 
cations -those mentioned here as well as 
others which the imaginative builder will 
devise. Last, but not least, it need not 
have too much of a deflating effect on the 
pocketbook. Exclusive of tubes, with a lit- 
tle shopping around the parts can be bought 
for about $9. END 
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R;- 22,000 ohm, 1/2 w. res. 
R7- 15,000 ohm, 2 w. res. 
R6 -47 ohm, 1/2 w. res. 
R2 -2 megohm, 1/2 w. res. 
Rs- 220,000 ohm, 1/2 w. res. 
R6 -10 megohm, 1/2 w. res. 
R7- 220,000 ohm, 1/2 w. res. 
C, -C2 -2- section variable capacitor, 365 µµ1d. 
C1-.05 pfd., 400 v. paper or ceramic capacitor 
C6 -50 µpfd., 500 v. ceramic capacitor 
C6 -.01 pfd., 500 v. paper or ceramic capacitor 
Cs- padder capacitor -see text 
C7-.01 pfd., 500 v. paper or ceramic capacitor 
C6- -200 pµfd., 500 v. ceramic capacitor 
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C,-.01 pfd., 500 v. paper or ceramic capacitor 
C,, -.01 pfd., 500 v. paper or ceramic capacitor 
L7- "Vari- Loopstick" antenna coil 
Li- tapped oscillator coil for 456 kc. i.i. 
P6-4 prong Jones plug 
P2- standard phono plug 
T,, TI- midget i.f. transformers -456 kc. 
V7 -6BE6 tube 
V< -6BA6 tube 
V.r -6AV6 tube I- Aluminum chassis, approximately 3" x S" x 1" 

(ICA Type 29080 or 29084) 
1- 4- terminal tie -point strip 
Screws, nuts, wire, solder 
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LOW COST 
MICROPHONES 

Simple hand or lapel microphone. 

Here are several ideas for the 

home constructor interested in 

building inexpensive microphones. 

AMICROPHONE is a "must" accessory 
for many types of projects, including 

public address amplifiers, recorders, home 
broadcasters, and radio -telephone transmit- 
ters. The average experimenter has post- 
poned a number of such projects because 
he didn't have a microphone on hand and 
didn't feel that the budget could afford one. 
But that should not stop him in the future. 
There are several solutions to the problem 
of obtaining an inexpensive microphone. 

Perhaps the simplest is to use a basic 
microphone "cartridge." These are avail- 
able through most parts distributors and 
generally cost much less than a standard 
microphone. Magnetic, carbon, and crys- 
tal cartridges may be obtained. Basically, 
they are the "heart" of their corresponding 
commercial units and, although electrically 
equivalent to their more expensive brothers, 
do not include such frills as a case, stand, 
shielded cable, or connector. 

A microphone cartridge may be used "as 
is" or it may be mounted in a case or cabi- 
net of the builder's choice. A metal pill 

Another hand microphone complete 
with handle and (to the right) a 
PM speaker microphone and cabinet. 
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box, a small can, or a commercial utility 
or Bud Minibox cabinet may be used as a 
case. The cartridges are supplied with a 
rubber ring or cushion, and this should be 
used when mounting the unit. In addition, 
the experimenter must provide a shielded 
cable and a connector. 

The builder may use any standard con- 
nector that suits his fancy. The most pop- 
ular commercial types are the standard 
phone plug and the coaxial microphone con- 
nector. If the microphone is to be plugged 
into the phonograph jack of a standard 
radio receiver, a commercial phono plug 
might be used, but this should be the last 
choice, as such plugs are designed for semi- 
permanent connections and don't stand up 
too well when removed and reconnected 
many times. 

Carbon Microphones 

Carbon microphones have high output 
and, for this reason, are frequently pre- 
ferred by both beginners and more ad- 
vanced experimenters. With a carbon 
"mike," it is possible to eliminate a stage 
of audio amplification in either a p.a. sys- 
tem or in a modulator for a radio trans- 
mitter. But a carbon mike has disad- 
vantages. In addition to having a limited 
frequency response and being somewhat 
noisy, a carbon mike requires a source of 
d.c. power (usually a battery) and a 
matching transformer. Carbon mike cart- 
ridges (often called microphone buttons) 
are available both commercially and on 
the surplus market, or may be salvaged 
from the "transmitters" of old telephones. 

The basic electrical connections for a 
carbon microphone are shown in Fig. 1(a). 
The input transformer is used to match 
the low output impedance of the micro- 
phone (about 50 to 100 ohms) to the high 
input impedance of the amplifier. A suit - 
April, 1955 

A wooden file handle, a 
metal pill box from the 
nearest druggist, and a 
magnetic or crystal ear- 
phone are all you need to 
construct a simple hand 
microphone. A length 
of shielded cable with a 
phone plug is shown 
in the background. 

INPUT 
CARBON TRANS. 

MIC. 

c 

+ BATTERY 
RI 

(A) 

S.P.S.T. PUSH- pUTTON 
"PUSI+TO-TALK' SWITCH 

os 

LUE 

SPEAKER 
OUTPUT 

TRANSFORMER RED 

cst 

Fig. 1. Part "A" shows the basic electrical con- 
nections for the usual carbon microphone. The 
transformer has a ratio of about 30 to 1 and 
matches the microphone to the amplifier. The 
battery is usually around 6 volts and R, (if 
used) would be about 500 ohms. Part "B" is a 
suggested wiring diagram for a simple micro- 
phone that uses the common PM loudspeaker. 

able transformer is the Triad type A -1X. 
Potentiometer Ri may have a value of 
about 500 ohms, but is not always needed. 
When used, it serves to adjust the micro- 
phone current to the value specified by 
the manufacturer -generally about 50 to 
100 ma. The microphone battery may have 
a rating of from 1.5 to 12 volts, with a 
range of 3 to 6 volts being the most pop- 
ular. A small paper capacitor (C) is some- 
times connected across the microphone to 
reduce "hiss," but its use is optional. A 
value of from 0.002 to 0.01 pfd. is satis- 
factory in most cases. The Shure type R10 
carbon microphone cartridge is supplied 
with a 0.008 pfd., 200 -volt capacitor by the 
manufacturer. A simple s.p.s.t. "push -to- 
talk" switch may be added to the micro- 
phone circuit if desired. 

A Loudspeaker "Desk" Microphone 

A small PM loudspeaker makes an ex- 
cellent microphone if equipped with a 
transformer to match its low voice coil 
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impedance to the high input impedance of 
most amplifiers. The basic electrical con- 
nections are shown in Fig. 1(b). A s.p.s.t. 
push- button switch is shown as a "push - 
to- talk" control, but its use is optional. An 
ordinary audio output transformer will 
serve as a matching transformer in most 
applications. A suitable choice is the Stan- 
ear type A -3329. The primary or "plate" 
leads become the "secondary" connections 
when the transformer is used for input 
matching purposes. 

For a really "deluxe" microphone, mount 
a 31/2" PM speaker, such as the Quam type 
3A07, in a sloping front meter case (ICA 
type 3996), using a piece of grille cloth for 
protection and decoration. A Switchcraft 
type 101 unit is a suitable "push -to- talk" 
switch. Connect a shielded single conduc- 
tor lead to the red and blue wires of the 
output transformer. Either side may be 
grounded. 

Any PM speaker in good condition may 
be used for a microphone, from a 2" 
midget to a 12" woofer. A speaker can be 
salvaged from an old radio! 

A Home -Made Hand Microphone 
An inexpensive file handle, a cylindrical 

metal pill box, a single headphone, a 

shielded cable, and a phone plug are the 
basic parts needed to make a really pro- 
fessional- looking and working -hand mi- 
crophone satisfactory for most experi- 
mental work. The file handle can be pur- 
chased at the local hardware store and a 
druggist can supply a small metal pill box. 

For maximum sensitivity and best qual- 
ity, use a crystal headphone. Second choice 
would be a single high impedance mag- 
netic headphone. Last choice should be a 
1,000 ohm magnetic phone which will work, 
but not as well as the first two. Or, if 
you prefer, insert a Shure type R7 crys- 
tal microphone cartridge in place of a 
headphone. 

Punch a large hole in the cover of the 
metal pill box. The exact size will depend 
on the headphone you use, but make it at 
least one inch in diameter. Drill holes in 
the box for mounting the headphone and 
for mounting the box to the file handle 
with a wood screw. The size and location 
of the holes will depend on the type of 
phone. Exercise ingenuity in working out 
a mounting arrangement. Drill one final 
hole for the shielded cable. After all ma- 
chine work on the box is finished, enamel 
or paint it----or leave it plain, if pre- 
ferred. 

Making a lapel microphone is a simple operation. Carefully sol. 
der a safety pin to the "ground" terminal. Attach to the crystal 
cartridge a length of thin shielded cable and terminate it at the 
other end with the appropriate microphone or phono connector. 

These few components are all that is required to 
convert a PM loudspeaker into a useful microphone. 
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Stain or paint the file handle as it is 
generally of unfinished wood. Drive a small 
wooden dowel in the hole in the end of the 
handle where the metal pill box is to 
mount. 

With all machine work and painting 
completed, assemble and wire the micro- 
phone. Take care when mounting the head- 
phone. Use a small rubber grommet to 
protect the shielded cable where it comes 
through the metal box. Both a disassem- 
bled and a completed view of a home -made 
hand microphone are shown in the photo- 
graphs. 

Special Microphones 

A Lapel Microphone: The experimenter 
can make an inexpensive lapel microphone 
from a Shure type R7 crystal microphone 
cartridge. Use a piece of the smallest di- 
ameter shielded wire and carefully solder 
the center and shield leads to the "hot" 
and ground terminals of the cartridge, re- 
spectively. Complete the soldering opera- 
tion as quickly as possible, using a hot, 
well- tinned iron. Excessive heat will dam- 
age the mike cartridge. Next, tin the 
"back" side of a small safety pin and sol- 
der it to the ground terminal. Again, work 
as quickly as possible. Finally, cover the 
"hot" terminal of the cartridge with a 
piece of Scotch electrical tape to insulate 
it. Follow with a cover of aluminum foil 
held in place with additional pieces of 
tape. Make sure good contact is made be- 
tween the foil and the metal case of the 
cartridge. The foil serves to shield the 
terminal. 

With all work completed, slip the rub- 
ber ring in place around the cartridge and 
pin the finished mike to your lapel . . . or 

A phonograph crystal cartridge makes a satisfac- 
tory contact microphone. The metal cover has 
been removed to show the pin connections. A 
large paper clip holds the microphone in place 

on the musical instrument. 

you can hold it in your hand as a semi - 
concealed "hand" mike. 

A Contact Microphone: An ordinary 
crystal phonograph cartridge makes a sat- 
isfactory contact microphone for a guitar 
or other musical instrument. A large paper 
clip or a bent piece of spring wire may be 
used to hold the cartridge in place. After 
attaching the shielded microphone cable, 
cover the terminals with a small metal cap 
to reduce hum pick -up. The shape and size 
of the cap will depend entirely on the type 
of phonograph cartridge which the experi- 
menter uses. EI' 
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CHOKE (SEE TEXT) 

SOME older model television receivers will 
respond to the harmonics of 27 mc. R/C 

transmitting equipment. A portion of this 
interference is being received down the a.c. 
power lines. It may be prevented by sim- 
ply putting Ohmite Z -50 chokes in series 
with the power line inside of the transmit- 
ter. The schematic shows how these are 
April, 1955 

TVI FILTERING 
of R/ C Transmitters 
to be connected with small disc ceramic 
bypass capacitors. 

If the R/C experimenter does not want 
to go to the expense of buying these chokes 
he may wind his own on a short length of 
Lucite plastic rod. Use a piece about 2 

74 inches long and inch in diameter. Wind 
on enamelled No. 27 wire close spaced for 
a length of 11/4 inches. Drill two holes 
through the Lucite rod and thread the ends 
of the winding in these holes. Use this 
filter only on low power transmitters. 
Sometimes a little shield around the choke 
will further prevent unnecessary pickup 
directly in the transmitter. E.M. 
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E,XPERIMENTERS know the advantage 
of having a small test power supply. A 

self- contained power supply is, at one time, 
one of the least expensive, one of the easi- 
est to build, and one of the most valuable 
instruments that a lab bench can boast. 
Although so small that it is almost dwarfed 
by a package of king -sized cigarettes, it 
will deliver 150 volts d.c. at 20 ma. and 
6.3 volts a.c. at half an ampere. With it, 
you can check the operation of amplifiers, 
oscillators, preamps, multivibrators, re- 
generative detectors, and other experimen- 
tal circuits. It can be used to check the 
operation of voltmeters, to test paper and 
mica capacitors for leakage, and to furnish 
fixed bias voltages for high powered radio 
transmitters and PA audio amplifiers. 

The miniature power supply is so simple 
and easy to assemble that you should have 
no difficulty in wiring your own unit in a 
single evening. The items you'll need are 
specified in the parts list. Parts cost is low, 
all components are standard and available 
at both local parts distributors and through 
the large mail order radio supply houses. 

Construction Hints: Follow the schematic 
and pictorial wiring diagrams and the 
photographs of the model when assem- 
bling your own unit. Parts layout is not 
critical and may be changed easily to suit 
your own requirements. An ICA type 
#29082 aluminum chassis base was used 
in the model but, if you prefer, you can 
bend your own chassis from sheet metal. 
Since shielding is not important, you can 
even make a chassis of wood if you wish 
(see Nine Chassis Bases for the Home 
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Miniature 
Power 
Supply 

Builder, 
TRONICS) . 

Round mounting holes are drilled and 
punched for the tube socket, for the in- 
sulating fiber capacitor plate, for the rub- 
ber grommets, and for the transformer. 
The rectangular holes for the slide switches 
and the output terminal strip may be made 
by first drilling round holes and then filing 
to shape. Use a small flat file and scribe 
the rectangular outline of the holes on 
the chassis before starting work. 

With the machine work finished, the 
chassis of the model was sprayed with two 
coats of white plastic and labeled with 
commercially available black decals, pro- 
tected after application with two coats of 
clear plastic. If you prefer to leave the 
chassis its natural color, you can do so 
and still use decals for labeling the switch- 
es. They show up well against an alumi- 
num background. But, for best results, 
spray on a coat of clear plastic both be- 
fore and after applying the decals. 

Except for the dual capacitor, all parts 
are mounted using small machine screws 
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and hex nuts. Lockwashers are not neces- 
sary if you take care to draw up the nuts 
snugly. However, don't use excessive 
pressure on the long screw holding the 
selenium rectifier (SR,) in place; you may 
damage this part. The capacitor is mounted 
on its fiber plate by three small lugs. 
These are twisted with a pair of pliers 
while the capacitor is held by hand. 

Wiring Suggestions: Use standard hook- 
up wire and rosin -core solder for wiring 
the unit. Tie a knot in the line cord 
where it bears against the back rubber 
grommet. Lead dress is unimportant and 
no special pains need be taken. How- 
ever, take care not to apply excessive heat 
to the lugs of the selenium rectifier or to 
the terminals of the electrolytic capacitor. 
Use a clean, hot, well- tinned soldering iron 
and complete these connections as quickly 
as possible. The filament center tap (green - 
yellow lead of the transformer) is not used 

Ci -C2- -30/50 µ1d., 150 v. dual electrolytic capacitor 
(Sangamo type PLD -716). A 200- or 250 -volt unit is 
preferred if available 

Sr, Sr S.p.s.t. slide switches 
SRr-20 ma. selenium rectifier (Radio Receptor type 

8Y1) 
Tr -Power transformer, 150 v. t 25 ma. and 6.3 v. 

@ 0.5 a. (Merit type P -3046) 
V1 -0A2 or OB2 voltage regulator tube (see text) 
Misc.- Chassis, 1" x 4" x 31 /é' (ICA #29082); 7 -pin 

miniature tube socket; 4- terminal screw -type ter- 
minal strip; 2- terminal tie -point strip; line cord 
and plug; three rubber grommets; screws, nuts, 
wire, and solder 

and is soldered to the center (shield) ter- 
minal of the tube socket to keep it out of 
the way. 

Circuit Modifications: A dual electrolytic 
capacitor is used in the model and specified 
in the parts list. However, only the 30 pfd. 
section (CO is connected into the circuit 
when the 0A2 voltage regulator tube is 
employed. With this circuit arrangement, 
the voltage output is regulated to 150 volts. 
If the 0A2 is removed and a short lead run 
from the free terminal of the capacitor 
(C2) to pin 5 of the tube socket, the out- 
put is no longer regulated, but a somewhat 
higher d.c. voltage is available under "no 
load" conditions (about 175 to 180 volts). 
This "dual circuit" feature increases the 
utility of the miniature power supply con- 
siderably, for it may be used in both reg- 
ulated and unregulated applications. How- 
ever, if you don't want this feature, you 
can replace the dual with a single unit. 

If you wish a lower output voltage, re- 
place the 0A2 with a type OB2 tube.. No 
circuit changes are necessary, but you will 
obtain 108 volts (regulated) instead of 150. 
If you want several output voltages, you 
can connect a tapped resistor (or a series 

The chassis with the needed holes cut. 
A hole in the center of the rear apron 
is provided for the line cord grommet. 

Bottom view of the miniature power supply 
chassis, showing wiring. See the schematic 
diagram for proper connections of the 
rectifier. SR and the transformer, T. 
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Circuits for voltages other than 150 or 108 v. 

of single resistors) across the output ter- 
minals. Use at least a 10,000 ohm, 10 watt 
resistor, or individual resistors totaling this 
much. If you want a continuously variable 
output voltage, connect a potentiometer 
across the output terminals. 

Note that neither side of the d.c. supply 
is connected to chassis ground. This per- 
mits the power supply to be used either 
for bias purposes (B plus grounded) or as 
a B voltage source (B minus grounded). 
Another feature is the "Standby" switch 
(S2). Operating this switch permits you 
to remove high voltage from an experi- 
mental circuit while keeping the filaments 
lighted. 

Using the Miniature Power Supply: The 
miniature unit is used like any other ex- 
perimental power supply. Connections are 
made to the output terminal strip. It is 
customary to switch the "Power" switch 
on for a few seconds before throwing 
the "Standby" switch. Remember, how- 
ever, that the output of the miniature 
power supply is limited. You can use it to 
test and to develop one- and two -tube ex- 
perimental circuits and as a bias voltage 
source, but it can't be used to power a 50- 
watt transmitter. 

To use the power supply for "forming" 
electrolytic capacitors that have been on a 

The power supply connected to 
provide d.c. and a.c. voltages 
for an experimental circuit. 
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shelf for some time, use the circuit for 
variable output voltage. Observe proper po- 
larity when connecting the electrolytic 
across the center arm and one side of vari- 
able resistor (the 20 ofd., 150 volt elec- 
trolytic capacitor shown in the circuit may 
be omitted for this operation). Starting at 
"0" output voltage, gradually increase the 
output to the maximum available, allowing 
from five to ten minutes between steps. 
From time to time, disconnect the elec- 
trolytic and check for a charge by short- 
ing its terminals together (a spark should 
be obtained) or by checking its voltage 
with a d.c. voltmeter. If the capacitor re- 
fuses to take a charge after a reasonable 
"forming" period, it should be discarded. 
Don't try to form shorted capacitors. And 
remember that you can only form capaci- 
tors up to 150 volts with this unit. 

Since its output is regulated, the minia- 
ture power supply is handy for checking 
the approximate calibration of d.c. volt- 
meters. Simply measure the output volt- 
age . . . with the 0A2 in place, it should 
measure 150 volts, with an OB2 in place, it 
should measure 108 volts. 

To check a paper (or mica) capacitor 
for leakage, connect it in series with one 
lead of a d.c. voltmeter. Then try to meas- 
ure the output voltage of the power sup- 
ply, using the highest range of the volt- 
meter. If a fairly large capacitor is used 
(from 0.05 to 0.5 ofd.), the voltmeter 
needle may flick up -scale momentarily. But 
it should return to "0" and should remain 
there, even when the meter is switched to 
a lower range. If a voltage reading is ob- 
tained, however, it indicates that the 
capacitor being tested is leaky and should 
be discarded. 

As you work with the miniature power 
supply, you'll find many other applications 
for it. END 
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WEVE been deluged with letters request - 
ing a tone- modulated R/C transmitter 

to operate the 3- channel tone R/C receiver 
written up in the January 1955 issue of POP- 
ULAR ELECTRONICS. Actually, a construction 
article on such a transmitter will be pub- 
lished in a forthcoming issue of RADIO & 

TELEVISION NEWS magazine. However, we 
are hoping that we will be able to announce 
shortly the availability of a multi -tone mod- 
ulator that will convert any crystal -con- 
trolled R/C transmitter to tone control to 
operate the receiver. 

* * * 

REMEMBER the item on an R/C sailboat 
which we ran in this column in the De- 

cember, 1954 issue? Well, since then, lots 
of R/C fans have asked us where they can 
obtain kits for model sailboats suitable for 
radio control. One source that is off the 
beaten track is the British firm of Model 
Aerodrome, Ltd., 141 Stratford Road, Bir- 
mingham 11, England. This company is 
now featuring a 36 -inch model (length 
overall), the "Fiona," which comes fully 
equipped with a suit of sails, mast, steering 
gear, and molded keel. The price is ap- 
proximately $20. A free, colored brochure 
on all their kits is available on request. 

An excellent and complete line of model 
sailboats suitable for R/C is available from 
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Ideal Aeroplane Supply Company, Inc., 22- 
28 West 19th Street, New York 11, N. Y. 
Of particular interest to the R/C fan who 
would like to get into model sailboat racing 
with an easy -to -build high performance 
model is the "Sail King" shown here. The 
hull is 22 inches overall. The model is sup- 
plied complete by Ideal for $5.95. 

* * * 

SHOWN here is a new escapement for R /C, 
weighing but 1/z ounce and claimed to be 

the smallest of its kind. It is being manu- 
factured by the Newx Products Company, 
Box 643, Union, N. Y. The escapement will 
operate reliably on 11/2 volts, using about 

half the electrical power employed by 
others. 

Using one loop of tightly wound 3/16" 
rubber, the unit was tested at 300 cycles per 
minute. This speed was made possible by 
the unique lever action between the arma- 
ture and the pawl, resulting in a much 
greater overlap between the pawl stops and 
the escapement arm. The preliminary price 
has been set at $6.95. 

* * * 

BECAUSE 
many of our readers are build - 

ing the radio -controlled garage door op- 
ener described in the article, "A Simple Ra- 
dio- Controlled Garage Door," by Vern Pres- 
ton, in the February issue of POPULAR ELEC- 
TRONICS, we have been anxious to find a 
convenient source where our readers may 
obtain the surplus gear box used in the con- 
struction. We're happy to be able to refer 
anyone interested to the Gyro Electronics 
Company, 325 Canal Street, New York 13, 
N. Y. They have just obtained a consider- 
able number of 80 to 1 reduction gear boxes 
of the type suitable for the garage door 
opener. The price is $8.95. Another source, 
this one on the west coast, is the Palley 
Supply Company at 2263 E. Vernon Street, 
Los Angeles, Calif. END 
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A Push -Pull Transistor 

Audio Oscillator 

Experimenters will find many uses for 
this portable, compact signal source. 

ALTHOUGH a single transistor, con- 
nected as an audio oscillator, can 

deliver sufficient power to operate a loud- 
speaker, the volume is fairly low. This is 
due to the comparatively low power output 
of commonly available transistors. 

One way of increasing the available 
power output is to use two transistors in a 
push -pull oscillator circuit. With such an 
arrangement, ample loudspeaker volume 
can be easily obtained. A suitable push - 
pull circuit, using p -n -p junction transis- 
tors and commonly available components, 
is shown in the schematic. 

The completed instrument has many po- 
tential uses in the experimenter's and 
technician's shop ... from checking micro- 
phone and loudspeaker placement in a p.a. 
installation to use as a classroom code 
practice signal source. Before discussing 
practical applications of the unit, however, 
let us review circuit operation and the 
construction of the instrument. 

Referring to the schematic diagram 
on this page, two Raytheon type CK722 
p -n -p junction transistors are used in the 
oscillator circuit. The "grounded- emitter" 
connection is employed. Transformer Ti 
serves two functions. It acts both as an os- 
cillator and as an output transformer, 
matching the high output impedance of 
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the two transistors to the low impedance 
of the loudspeaker voice coil. Cross -feed 
coupling capacitors C, and Ca connected 
between each transistor's collector and the 
opposite base, provide the necessary feed- 
back signal to start and maintain oscilla- 
tion. 

Resistors R, and R, serve as the "base 
return" resistors. Connected between each 
transistor's base and the negative terminal 
of the power supply battery, these resis- 
tors serve to establish the d.c. base cur- 
rent, or "bias." A single battery, B,, con- 
trolled by a s.p.s.t. switch, Si, serves as the 
power source for the oscillator. Current 
drain is quite small, and does not exceed 
a few milliamperes. 

No attempt is made in this circuit to 
match the high collector output impedance 
to the low input impedance of the base. 
Because of this, there is a tendency to- 
wards "blocking oscillator" action. The 
audio signal obtained is not a sine -wave 
and is quite rich in harmonics. Capacitor 
C,, connected across the primary of the 
transformer, bypasses the higher frequency 
harmonic signals, and thus reduces the 
"harshness" of the tone obtained from the 
loudspeaker. 

Because of the tendency towards block- 
ing oscillator action, C,, C2, R,, and R, all 

POPULAR ELECTRONICS 



TO 
BATTERY - 

..4 51 + 
4 

\ i //r / 
TO 

SPEAKER 

CK722 
VI 

;. 

Rz, Ri- 47,000 ohm, 1/2 w. res. 
Cz, Ci-.OS Aid. paper capacitor 
Ci-.02 Aid. paper capacitor 
RI- Burgess type U -10 15 -volt 

battery 
Si-S.p.s.t. switch 
Ti-Audio output transformer, 

Stancor type A -3856 
Vz, Vi -P -n -p junction transistors, 

Raytheon type CK -722 
PM SPKR -31/2' PM loudspeaker 
Misc. -Cabinet (ICA 3996 meter 

case); chassis (ICA 29082, 4" x 
31/2"x 1 "); terminal strips, wire, 
solder, misc. hardware 

All of the parts needed for the transistor oscillator are listed at left. 

Wiring the unit is quite simple; just follow the pictorial wiring 
diagram above and the schematic diagram on the opposite page. 

affect the frequency of operation. Adjust- 
ing the sizes of these components provides 
an easy means of obtaining the desired 
frequency. Care must be taken that the 
values chosen do not result in unstable 
operation. 

The sizes of Ri and R2 also affect the 
base and collector currents. If too small 
an ohmic value is chosen for these re- 
sistors, the maximum ratings of the tran- 
sistors may be exceeded. 

Construction Hints 

The model shown in the photographs 
has been assembled to serve as a fixed 
frequency, fixed level, audible signal 
source. The average technician or experi- 
menter should have no difficulty in assem- 
bling a similar or duplicate unit in a few 
hours. 

A standard metal meter case serves as a 
"cabinet" for the oscillator. The 31/2" PM 
speaker used is centered behind the "me- 
ter" opening and protected by a small piece 
of flocked screening. The oscillator circuit 
is assembled on a small alaiminum chassis 
which also fits within the meter case. The 
transistors and other small components 
are mounted below the chassis while the 
transformer and battery are mounted 
above chassis. 

Layout and parts placement are not 
critical and the builder should feel free to 
make any modifications in wiring or layout 
that are desirable. 

In the author's model, the transistors 
have been soldered directly into the circuit 
and are mounted on a long "tie- point" 
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terminal strip to which other small com- 
ponents are also connected. If this practice 
is followed, care should be exercised when 
installing the transistors to avoid damage 
by excessive heat. 

Do not cut the transistor leads shorter 
than 1" -the longer the better. Complete 
the soldering as quickly as possible, using 
a small, hot, clean, and well- tinned iron. A 
"soldering pencil" is excellent for this type 
of work. 

The values for Ri and R2 given in the 
parts list should not be considered as final. 
Some variation . in the size of these re- 
sistors may be found desirable for opti- 
mum operation, depending on the charac- 
teristics of the individual transistors em- 
ployed. Where the two transistors have 
almost "matched" characteristics, Ri and 
R2 may have the same value. In other in- 
stances, different values for these two re- 
sistors may give better results. 

To determine the proper values for R, 
and R2, connect resistance substitution 
boxes or 500,000 -ohm rheostats in place of 
these two resistors. Insert a 0 -10 mil - 
liammeter in the collector circuit of the 
transistors. 

Next, checking to make sure that the 
collector current does not exceed 5 ma., 
gradually adjust the values of these re- 
sistors for the desired tone and for best 
stability of operation. Good stability is 
obtained when there is no wavering either 
of frequency or of volume, and when the 
same frequency and volume is obtained 
each time the unit is turned "off" and "on." 

Finally, substitute fixed resistors for R, 
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This view of the transistor os- 
cillator chassis removed from 
the cabinet shows placement 
of all parts except the battery 
and transformer, which are on 
the other side of the chassis. 

and R2 having the values determined above. 
For large changes in operating frequency, 

it will also be found necessary to use differ- 
ent values for C,, Co, and C,. 

Applications 
The number of possible applications of 

the completed audio oscillator depend pri- 
marily on the imagination and require- 
ments of the user. In general, the instru- 
ment described in this article may be used 
wherever there is a need for a portable, 
compact, and lightweight signal source of 
moderate volume, having a fixed tone and 
volume level. 

Comparing Microphone Sensitivity: The 
relative output of different types of micro- 
phones may be easily checked using the 
instrument described. Since a fixed level, 
fixed frequency audio note is supplied by 
the oscillator, it is only necessary to place 
the unit at the same fixed distance from 
each "mike" to be checked. 

The output of the microphone is fed 
through a standard audio amplifier and 
the signal level observed, using either a 
standard output meter or an oscilloscope. 

Checking Sound Absorption: The sound 
"deadening" qualities of draperies, wall 
board, or acoustic tile may be quickly 
checked on a comparative basis by using 
the self- contained audio oscillator in con- 
junction with a standard sound level meter. 
The oscillator may be placed at any point 
desired within the room and the resulting 
signal level quickly checked at other points. 

Determining Microphone Placement: In 
large p.a. installations, where several mi- 
crophones may be employed, it is often 

desirable to locate the different "mikes" so 
that the pickup from a given central point 
is uniform. This is often done to simplify 
the job of the operator who "rides gain." In 
other cases, it may be desirable to locate 
each "mike" for maximum pickup from a 
different area -as in different parts of an 
orchestra. 

In either case, the audio oscillator de- 
scribed may be used advantageously. Sup- 
plying a fixed level tone, it may be placed 
at any point desired, and the correspond- 
ing microphone (s) adjusted accordingly. 

A somewhat similar technique may be 
employed in selecting loudspeaker locations. 
In this application, the oscillator may be 
placed in front of one of the microphones 
and the p.a. loudspeakers temporarily 
placed in position. The relative volume of 
the signal, as determined either by ear or 
by using a sound level meter in different 
parts of the projected area, will quickly 
show whether a location is desirable and 
whether adequate coverage is obtained. 

Code Practice Oscillator: The audio oscil- 
lator described supplies adequate loud- 
speaker volume for classroom use. Use a 
hand -key in place of the power switch 
(Si). 

General Purpose Audio Signal Source: 
Since the completed instrument is self - 
contained and requires no external power 
source, it may be used in place of conven- 
tional signaling devices where desirable. 
For example, where a special and easily 
identified signal is desired, the oscillator 
may well be substituted for a buzzer, bell, 
or chime. END 
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Ici 
RELIABILITY 

Escapements 
and Batteries 

By WILLIAM WINTER 

Editor, "Model Airplane News" 

CONCLUDING last month's discussion of 
reliability, that taken -for -granted de- 

vice, the escapement, had our attention. In 
the author's log, covering 15 radio control 
airplanes and thousands of flights, the 
escapement was found to be second only to 
the relay as a cause of erratic control. The 
point was made that the escapement should 
be considered as a relay, since it has pull- 
in and drop -out currents which, aside from 
the mechanical features, require observa- 
tion, occasional adjustment, and an access- 
ible and removable installation that enables 
convenient maintenance. Do not bury the 
escapement in a "blind" installation. 

How the escapement works has been 
described in earlier articles of this series, 
as well as in Mr. Safford's articles in this 
magazine. Our concern now is how to keep 
one working. Properly installed and reg- 
ularly checked, the escapement is reliable. 
Any new escapement should be examined 
and bench -tested before installation in the 
plane. Howard Bonner, whose SN and com- 
pound escapement types are familiar to all 
R/C modelers, states that the overlap of the 
revolving arm or claw, on the pawl, should 
be .015 to .020, armature pulled in. With 
the armature released, the claw should 
barely clear the pawl. Also, when armature 
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is pulled in, the claw should barely clear 
the neutral pawl position. These values 
apply approximately to the other familiar 
makes of escapements. 

If the escapement functions suitably 
when hooked up on the bench, leave it 
alone; the above figures are given as a 
rough guide in the event that the item skips 
or sticks, requiring adjustment that is un- 
likely when new. After operating the 
escapement perhaps 100 times on the work 
bench, examine it closely for burrs that 
might develop where claw and pawl meet. 
The tiniest burr can prevent the escape- 
ment's working in the air. Usually the 
escapement so afflicted functions while the 
engine is running, but when the motor stops 
and vibration disappears, response to a 
transmitted signal does not occur. Some- 
times new escapements develop burrs 
quickly, but once smoothed off will function 
properly for long periods of time. 

Set up batteries similar to those in the 
plane, also the same size rubber strand 
wound to 20 per -cent excess of a single row 
of knots (not counting the first row of 
turns). It is vital to check the spring ten- 
sion. Does the escapement always release 
when the rubber is fully wound? Does the 
escapement always pull in and work easily 
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under simulated service conditions? One 
excellent way of checking is to hook up a 
set of batteries with a potentiometer in 
order to vary the voltage available to the 
escapement magnet. Increase voltage grad- 
ually until the escapement armature pulls 
in. Just as important, note the voltage at 
which the escapement releases. This was 
the most important lesson learned by the 
writer in the 1954 flying season. 

The escapement should never require 
more than 2% volts to pull in and should 
not require a cutting off of current in order 
to release. First, the pull in. Under load, 
two new 1% volt pen cells in series drop off 
to 2% volts. As the no -load voltage de- 
creases with use, the voltage then available 
under load may be less than the voltage re- 
quired to pull in the escapement. Once dur- 
ing a demonstration, the writer installed a 
new, unchecked escapement and imme- 
diately lost control of the plane during the 
glide. A check revealed that the escape- 
ment required 27% volts to pull! It is best, 
therefore, to allow an adequate margin for 
falling voltage, especially under load, by 
adjusting the escapement (its spring ten- 
sion is increased or decreased) to pull in at 
2 to 2% volts. 
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Why is drop out so important? If spring 
tension is too low, the flow of current has to 
be cut off to allow release of the escapement 
armature. This is a timely tip that in the 
air the escapement may not release. Many 
a crash has been attributed to interference, 
sticking relays, etc., when the escapement 
was out of adjustment. The difficulty is that 
if the condition is marginal, the escapement 
may appear to function properly after the 
accident, so that cause of the accident may 
be undetermined. Eventually, the spin -in 
will be repeated. Sometimes, the plane has 
a mysterious tendency to come out of a turn 
very slowly after the rudder is released or 
to continue overbanking momentarily after 
the rudder goes back to neutral. This can 
be caused by a sticking relay, but also sus- 
pect that escapement. 

It has been found that if the escapement 
will release with current caused by Y4 volt 
flówing through the coil, it should release 
reliably by spring tension in the air. The 
current is a measure of spring tension. 

Mounting affects an escapement. Do not 
screw an escapement base tightly to a 
slightly warped piece of plywood. The frame 
bends, throwing adjustments out. Then the 
modeler may file the end of the revolving 
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arm to make it shorter. Loosen the escape- 
ment and the frame springs back into align- 
ment. Now the gaps are too big and the 
escapement is needlessly junked. So the 
mount must be firm (if the escapement does 
not incorporate its own mount), never less 
than 1/8 inch thick plywood with the long 
edges reinforced with balsa strips, and it 
should also be warp free. 

It is important to use the proper rubber 
strand for the escapement drive power and 
the correct voltages. The type of linkage 
affects the required size of rubber. There 
are two types of familiar linkages. First, 
the push rod connected between the rudder 
horn and the bellcrank, converts the rotary 
motion of the escapement drive pin into 
linear motion. The second is the torsion bar, 
which is rocked back and forth by the rota- 
tion of the escapement drive pin. The push 
rod arrangement increases the load on the 
escapement, especially during maneuvers 
(centrifugal force multiplies the weight of 
the rod) when the entire weight of the 
linkage may have to be lifted by the ac- 
tuator. The torsion bar is easier to move, 
does not overload the escapement and, 
therefore, favorably affects the size of rub- 
ber which is required, in addition to es- 
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capement adjustment and operating cur- 
rents. 

With self -neutralizing escapements, 14 

inch rubber has been used with both push 
rod and torsion bar, although, in the 
author's opinion, it is decidedly marginal in 
the case of the push rod, particularly on a 
cold day when rubber loses much of its na- 
t Ural vitality. Therefore, it is better to use 

¡s inch rubber with push rod deals. When 
using %e inch rubber, allow 20 per -cent extra 
length over and above the distance between 
hoòks. This prevents too much tension be- 
ing placed on the escapement thrust bearing 
which could cause a jamming action. The 
compound escapement should never be used 
with Vs inch rubber with a push -rod linkage. 
The reason is that the compound incor- 
porates a rattle wheel to slow down the 
action of the escapement and allow the man 
on the ground enough time to get off the 
required number of pulses necessary for its 
operation. So the compound requires more 
drive power than the self -neutralizing 
escapements. 

Some builders claim that the flier must 
have a sense of timing to pulse the com- 
pound (one, two, or three signals, depend- 
ing on the desired control). Therefore, they 
claim it is better to use the weaker, 1/4 inch 
rubber to slow down the escapement so that 
the flier can keep up with it. That is poor 
advice. The compound can hang up when 
powered by Vs inch rubber, if only due to 
the drag of the electrical contacts in the 
third control position. Actually, it is better 
and easier to operate the compound with 
3ía rubber, when the unit works faster in- 
stead of more slowly. With the 1/4 inch 
rubber, timing is important, because it is 
possible to pulse too fast and pick up the 
wrong control. With the %a inch rubber it 
becomes impossible to pulse too fast with a 
Microswitch held in the hand. At the same 
time it is not hard to pulse fast enough, 
especially after a few practice dry runs on 
the bench. Even a mechanical ground con- 
trol unit will not time properly the 1/ß rub- 
ber driven compound. As to reliability, the 
compound is often criticized, but one of the 
author's compounds has given trouble -free 
operation equivalent to three self neutral- 
izing units. 

It is frequently argued that the compound 
does not have the ability to hold the rudder 
over when air speed picks up or to hold the 
plane in a prolonged spiral, especially in the 
direction of the control (usually left rud- 
der) that requires two pulses. Supposedly, 
the compound is not effective on big, heavy, 
fast machines. The truth is that the com- 
pound is suited for all installations, provided 
an aerodynamic surface (see drawing) is 
used along with the 6 inch rubber drive. 
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r In this self -neutralizing escapement the mech- 
anism is also used to cover and uncover air 
bleeds in the fuel line to control the motor. 

Blaming escapement ills on batteries is 
both commonplace and groundless. People 
are forever putting 4% and even 6 volts on 
a 3 -volt escapement. Not only is this un- 
necessary under any circumstances, but it 
leads to further complications. To begin 
with, battery drain is increased greatly with 
higher voltages when the resistance of the 
coil remains the same. This is a basic law 
of electricity. Therefore, the batteries run 
down faster, not more slowly, when voltage 
is stepped up. A 5 ohm escapement which 
might function for several flying sessions 
on 3 volts, may make only one long flight 
on 6 volts! Battery life is increased by 
hooking batteries in parallel, not series. 
Most planes can carry four pen cells, in- 
stead of the standard two, for escapements. 
Two pen cells may give a dozen good flights, 
depending on how many times the control 
is applied and how long it is held on. Planes 
with slow response are rough on batteries 
all down the line, even in the transmitter. 
Excessive voltage on many escapements 
builds up a residual magnetism which can 
cause the armature to stick in the control 
position. Higher actuator voltages accel- 
erate damage and dirt on the relay con- 
tacts. 

With some builders, batteries may be the 
second or even first source of trouble. In 
the writer's log they happen to be third, 
mostly due to odd and unexpected failures, 
such as one abrupt failure resulting from 
the battery having been dropped by a clerk. 
A connection between cells gave way. This 
suggests care in the handling of "B" type 
batteries. 

Choose battery sizes that provide ade- 
quate life and reserve, unless, of course, the 
plane is a midget. For example, two pen 
cells on filament will give an afternoon's 
flying on a single (gas) tube receiver. Such 
receivers have even been flown on one pen 
cell, but if the plane will carry one or two 
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medium flashlight cells, it is an unwise risk. 
A two (gas) tuber will operate on two pen 
cells for a busy half -day flying session, but 
two mediums would last for weeks. Similar- 
ly, why fly on 22r or 30 volt hearing aid 
"B" batteries (in series for 45, 67, 60 volts, 
etc.) ? A single Burgess XX -30 or K -45 or 
the equivalent in other brands will last for 
weeks, if not months. The typical trans- 
mitter will operate for at least a season on 
Burgess M -30's or larger (or the equiva- 
lents). Hearing aid "B" batteries certainly 
are not desirable for long term results with 
hard tube receivers that idle at 3 or 4 mils. 
Two mediums on an escapement may last a 
summer. 

Possibly the gravest error made by the 
beginner is to measure voltages without 
placing a load on the batteries. The trans- 
mitter should be checked with filament 
turned on, Microswitch closed for "B's." It 
will be noted that "B" batteries may drop 
several volts under load, but this is normal. 
On the other hand, a drop of 10 volts or 
more from the initial reading (not new 
voltage necessarily) under observation 
means that the batteries are weak. Hold 
the meter probes in place for 5 to 10 seconds 
and watch for a slight, steady falling off 
in voltage. The battery is no good. Do not 
operate anywhere near the minimums spe- 
cified by the radio manufacturer. The writ- 
er discards flight "A" batteries that read 
1.4 volts or less under load, when 1.5 volts 
is the normal filament voltage. The volt- 
age can drop further in the air and 1.3 
volts is the safe minimum. 

For 3 volt escapements, a bitter -end 2% 
volt minimum under Idad is desirable, un- 
less the escapement happens to be one that 
works on 1.5 volts, as does the Macnabb 
Citizenship. After a 67 volt "B" battery 
drops 5 volts to about 62 volts, there is no 
percentage in continuing it in service. Bat- 
tery costs are low compared with the total 
cost of plane, radio, engine. 

In cold weather, allowance must be made 
for a falling off of voltage due to tempera- 
ture. Some modelers keep batteries in a 
warm place, as in the pocket or on a car 
heater. Obviously, this is inconvenient, but 
batteries should be allowed to recuperate 
between long flights. It is a good rule to 
allow the batteries to rest for a period twice 
as long as the last flight. Between flying 
sessions, batteries recuperate so that they 
almost regain the normal new voltage. 
After that, they should be checked after 
every few flights. 

Make it a rule to check batteries before 
going out to the flying field. If they are 
down to a serious degree, install new ones 
and enjoy an outing free of concern. END 
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Johnson 
"ADVENTURER" 

NtOVICES and other hams going on the 
air for the first time with the E. F. 

Johnson "Adventurer" will not worry 
about interference they might cause in 
neighborhood television receivers. "TVI" 
suppression in this new c.w. transmitter, 
which is sold in kit form for easy assem- 
bly and wiring, is unusually good for a 
small, inincpensive unit of its class. In- 
ductance- capacitance filters are used at 
the a.c. power and the key leads, and low - 
inductance capacitors are used on the me- 
ter, heater, and cathode connections. The 
design of the antenna tuning system is 
such that it effectively suppresses most 
of the high- frequency harmonics of the 
transmitted signals that fall into the tun- 
ing range of television receivers. 

Kit 
Reviewed by the 
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Spurious radiation from the transmitter 
itself is prevented by thorough shielding. 
The metal cabinet encloses the chassis 
completely, and is fastened with 14 screws 
to form a tight electrical seal. 

The "Adventurer" was designed especial- 
ly for newcomers to the ham game. Rated 
at 50 watts input, it is crystal -controlled 
and band -switching from 10 through 80 
meters and is completely self -contained 
with power supply and antenna tuner. It 
uses a 6AG7 oscillator, 807 power ampli- 
fier, and 5U4G rectifier. A modulator for 
voice transmission can be added at any 
time as a separate unit. The finished trans- 
mitter measures only 7% by 10% by 81A 

inches. The kit includes tubes, hardware, 
all parts, and instruction book. END 

The unassembled kit contains all the components with the exception of 
crystals and a hand key. Wiring will consume two or three evenings. 
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SO YOU WANT TO BE A HAM Laying 

By 

.( ±) ROBERT HERTZBERG 
W2DJJ 

Ham equipment can be ar- 
ranged not to crowd the 
operating desk. See text for 
explanation of numbering. 

Part 7. In the concluding article of this series the author 
suggests convenient operating positions for your equipment 

NEWCOMERS to the amateur radio game 
often spread their receivers and trans- 

mitters over big tables to make the equip- 
ment look impressive. From the practical 
operating standpoint, however, it is much 
better to have a tight, compact arrange- 
ment, with everything within easy reaching 
distance from the chair position. It should 
be possible to flip switches and turn dials 
without getting up, moving, or excessive 
reaching. 

A table only four feet long and about 30 
inches deep will hold all the ham gear 
which is likely to be acquired for a couple 
of years. An excellent top material is 1/8 

inch tempered Masonite. Its smooth sur- 
face is fine for writing and feels good to 
the touch. 

The accompanying photograph shows an 
actual ham station embodying the princi- 
ples of simple layout. When the owner 
settles into this chair and puts his feet 
under the table, the world is at his finger 
tips. Let's examine this set -up in detail 
and learn a few things from it. The com- 
ponents are numbered for easy reference. 

1) The receiver (a National NC -183D) is 
pulled forward so that the operator can 
manipulate its controls while he rests 
against the back of his chair. It is also 
raised above the table top by means of a 
couple of lengths of scrap 2 x 4 wood, well 
sanded and painted to match the cabinet. 
The space thus formed is very convenient 
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for storing earphones, key, papers, pencils, 
and other odds and ends that inevitably 
accumulate. 

2) The loudspeaker in this position atop 
the receiver emits its sound directly at the 
operator. Since it is light, it can be re- 
moved readily if the receiver must be in- 
spected. 

3) A good electric clock is a necessity in 
order to record the starting and finishing 
times of all transmissions in your log book. 
(See item 10.) Check it occasionally against 
the time signals broadcasted by local sta- 
tions or by WWV and WWVH, the stations 
of the National Bureau of Standards in the 
United States and Hawaii, respectively. If 
it is possible, also obtain a clock with a 
24 -hour face and set it for Greenwich Civil 
Time (GCT), also called Greenwich Mean 
Time (GMT), which is the basis for inter- 
national schedules. 

4) A small cathode -ray oscilloscope is 
used as a modulation indicator for voice 
transmission. It is a fascinating tool for 
electronic experimentation in general, and 
it also impresses visitors. The Heathkit 
Model OL -1, as illustrated, uses a three - 
inch tube and is light, compact, and fits 
neatly with the transmitter. 

5) Self- contained phone and c.w. trans- 
mitter (Johnson "Viking Ranger ") is 
turned at angle so that the operator can 
reach all controls with his right hand while 
his left hand covers the receiver. Alter- 
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Out Your Operating fable 
nately, the transmitter has been used on 
top of the receiver, with the loudspeaker, 
the scope, and the clock forming a group on 
the right. The arrangement pictured has 
a more balanced look. 

6) Microphone on a short table stand. 
The latter should have a heavy iron base 
to resist tipping. 

7) Paper is needed to copy the other 
fellow's sending. Instead of using loose 
sheets, get a spiral bound stenographer's 
notebook. Its pages are smooth and take 
pen or pencil equally well. 

8) Earphones enable the ham to hear 
many weak stations which would be lost 
against the noise of loudspeaker reproduc- 
tion. Also, they permit operation of the 
rig without disturbing other members of 
the family who might prefer "I Love Lucy" 
to that W6 in California. 

9) Telegraph key for transmitter tuning 
and c.w. work is also necessary. It should 
be positioned so that the forearm rests on 
the table when the fingers are on the knob. 

10) According to FCC regulations, ama- 
teurs are required to record or "log" every 
transmission they make. Blank log books 
with ruled space for the necessary entries 
are obtainable from radio jobbers. The 
log is the record of ham accomplishments, 
and soon becomes an important document 
that is shown off frequently. 

11) The names and addresses of licensed 
amateurs all over the world are printed in 

The Radio Amateur Call Book Magazine, 
better known simply as the "Call Book." 
This indispensable directory of ham radio 
is revised four times each year and gets 
thicker and thicker. The current edition 
contains 500 pages. Every amateur should 
verify his listing in it and if it's not cor- 
rect, the publisher should be notified. Oth- 
erwise, "QSL" (acknowledgment) cards 
will not be received from stations that 
have been worked. 

Licensees are listed alphabetically by call 
letters, with the names and addresses fol- 
lowing. There is no cross -listing by names. 
Although the United States listings domi- 
nate the book, it is noted that there are 
hams practically everywhere. Hams should 
consult their old geography books to find 
out where places like Reunion Island and 
Kazakh are located. 

12) Last but by no means least, the 
ticket! It should be kept in a small frame 
or a glassine envelope to keep it clean. 

The most important part of a ham station 
doesn't show in the picture. It is the opera- 
tor. When he speaks into the microphone, 
he must remember that both he and ham 
radio are on public exhibition, and that 
what he says can be and usually is heard 
by many people other than the particular 
amateur with whom he is in contact. Some 
hams, who otherwise appear to be quite nor- 
mal, act like utter idiots when they embrace 
a mike the first few times. Maybe the in- 

A superb example of equipment arrangement for maximum operating conven- 
ience is the ham station of Ferris M. Smith, W6GZA in Van Nuys, California. 
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strument represents a psychological release 
valve to them, and enables them to blow 
off long -dormant inhibitions. The writer 
onoe made a tape recording of part of a 
soliloquy being delivered on the 20 -meter 
phone band by a local ham of his acquaint- 
ance. He played it back to him about a 
month later without identifying it. 

"That guy sounds loony," was the ham's 
comment. "Imagine uttering such rubbish 
on the air." When he heard the end of the 
transmission and realized from the call let- 
ter's that the \ oice was his own, he sat 
dumbfounded for a full minute before re- 

covering his composure. When he goes on 
the air now he is extremely careful what he 
says in case someone else has a recorder. 

"Good operating" is simply good sense 
and good manners. When on c.w., send 
slowly but accurately. There's nothing 
shameful about being a "novice "; certain- 
ly there are many on the air! When on 
phone, the best language should be used 
because it isn't a private wire line. The 
phone bands are and always have been 
crowded and interference must be ex- 
pected. Working through it is all part of 
the game. END 

Musitherm Heating Control 
HE latest contribution to push- button 

I living for the home was recently intro- 
duced by the General Electric Co. It is 
called the "Musitherm Heating Control." 
In addition to being a versatile thermo- 
static heat regulator, it has all the advan- 
tages of a clock radio. 

Before retiring the user sets the "Musi- 
therm" which will then gradually lower 
the temperature in the house or apart- 
ment. At a predetermined interval the 
next morning the thermostatic anticipat- 
ing mechanism will automatically turn on 
the heat and raise it to room tempera- 
ture. At the completion of the room warm- 
ing interval the alarm feature goes into 
action by turning on the radio. 

The manufacturer claims that this will 
enable many more workers to arise from 
the "right side" of the bed. END 

Million Watt TV Antenna Assembled Despite Snow and Ice 

THE 
super -power pylon antenna 

of WBRE -TV, Wilkes- Barre, Pa., 
pr- 

was installed atop a 330 -foot mast 
in mid -December. Cold, snow, and 
ice did not stop the workmen and 
on December 31 the transmitting 
antenna was in operation. This 
RCA installation is the first mil- 
lion -watt u.h.f. station in the na- 
tion. The RCA antenna weighs 
over seven tons and is 96 feet 
high. The power gain from this 
super pylon is nearly 50. In the 
photograph the workmen are con- 
necting the sections of the pylon 
prior to a final ground check. 

The million watt power rating 
of WBRE -TV conforms with the 
Federal Communications Commis- 
sion regulations for u.h.f. TV sta- 
tions. END 
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X -RAY INSPECTION 
By 

ED BUKSTEIN 

Penetrating powers of x -rays 

help industry probe secrets 

of materials and new products. 

XRAYS are similar to radio waves in that 
they are electronically produced, are in- 

visible, and travel at the speed of light. 
X -rays, however, are in the extremely high 
frequency range and have very short wave- 
lengths. Even the shortest of radio waves, 
the so -called "microwaves" -are gigantic 
by comparison. A typical wavelength of x- 
ray radiation is 0.0000000001 meter (one 
ten -billionth of a meter). These extremely 
short wavelengths have great penetrating 
power, and can pass through substances 
which light cannot penetrate. 

Besides their well -known use in dental 
and medical examinations, x -rays have 
many industrial applications. For example, 
x -ray apparatus is used to detect internal 
flaws in metal castings, check packaged 
foods for presence of foreign particles, in- 
spect welds, check the alignment of ele- 
ments in electron tubes, check the center- 
ing of the wire in insulated cables, etc. 

As shown in the diagram, the x -ray tube 
is basically a diode. Electrons emitted from 

Electrons from filament hit anode at high 
speed; resultant radiation creates x -rays. 
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Anode of this gigantic x -ray 
unit gets one million volts. 
G -E built it for Sutter Hos- 
pital, Sacramento, California. 

X -rays reveal difference be- 
tween straight and crooked 
wire reinforcements in belt. 

the filament are attracted down the length 
of the tube to the copper anode. The 
anode contains a tungsten insert which 
acts as a target for the electrons. Travel- 
ing at a very high speed, the electrons 
strike the target, producing the x -rays. To 
give the electron stream its high velocity, 
a large amount of voltage must be applied 
to the tube. Plate voltages as high as two 
million volts have been used in commercial 
x -ray units. 

The object to be x -rayed is placed be- 
tween the x -ray tube and a sheet of photo- 
sensitive film. The x -rays penetrate the 
object and strike the film. This action 
produces a shadow image of the internal 
structure of the object. For example, if 
the object being examined is a pulley belt 
with internal reinforcement wires, the x- 
rays will pass easily through the rubber 
portion of the belt, but will be obstructed 
by the wires. The developed film will there- 
fore show an image of the wires (see pho- 
tograph above). 

In some applications, speed of inspection 
is an important feature and the time re- 
quired to develop the film introduces an 
objectionable delay. In these cases, a 
fluorescent screen is used instead of the 
film. Such screens glow where they are 
exposed to x -rays, and thus produce an im- 
mediate image. An installation of this 
type is known as a fluoroscope. END 
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With a minimum of equipment you can correct man 
ker defects by following these instructions. 

LOUDSPEAKER defects are not too com- 
mon in present -day radio and television 

sets but occasionally they do occur! When 
such faults crop up they are often due to 
carelessness on the part of the hobbyist 
who accidentally pushes through the fiber 
or pokes a hole in the cone itself. 

Here are a few of the more common 
loudspeaker defects which you will en- 
counter, along with the simple repair meth- 
ods anyone can use to correct them. Be- 
fore we get too involved, the author wishes 
to point out that he in no way encourages 
the repair of high -quality speakers, partic- 
ularly those that are used in today's high 
fidelity systems. Home repair of speak- 
ers is usually a temporary expedient. Need- 
less to say, to restore a speaker to its 
original performance level it is advisable 
to return the unit to the manufacturer for 
servicing. 

Broken voice coil lead: This defect will 
cause a "dead" set. The voice coil leads 
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are flexible wires between the loudspeaker 
frame and the paper cone, and are located 
at the back of the speaker. See Fig. 1. 
Breakage usually occurs either at the ter- 
minal on the loudspeaker frame or at the 
connection point on the cone. 

Repair a broken lead by resoldering the 
connection. If the break has occurred at 
the cone terminal, do the soldering job as 
quickly as possible to avoid burning the 
paper cone. Use a hot, clean, well -tinned 
soldering iron and rosin base flux. 

Open cone seam: Loudspeaker cones are 
of two general types -the seamless type 
which are molded, and the formed type 
which have a cemented seam. Since the 
cement dries out gradually, the seam on 
the latter type may open after a period 
of several years. The loose edges may 
touch, causing a vibration that produces a 
papery, rattling sound. 

The remedy is to put fresh cement along 
the seam, as shown in Fig. 2. General 
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Fig. 1. Although only one is shown in photo, 
there are two voice coil leads on every speak- 
er. extending from speaker frame to the cone. 

Fig. 3. Small punctures and tears In the 
speaker cone may also be repaired by care- 
ful application of cement over injured area. 

Fig. 2. Correct method for applying cement to 
repair an open seam on outer rim of speaker. 
Do not use speaker until cement has hardened. 

Fig. 4. Larger tears in the paper cone of the 
speaker may be repaired by patching over 
with cheesecloth held in place by cement. 

"loudspeaker cement," available at radio 
supply stores, may be used for the job - 
or, if you prefer, you can use Duco house- 
hold cement. Don't use the loudspeaker 
until the cement has had time to set thor- 
oughly. 

Torn cone: Tears in the paper cone may 
cause symptoms similar to those encoun- 
tered with an open seam, and may also 
cause other types of distortion. 

Small "puncture" tears will result when 
a sharp pencil or screwdriver is pushed 
through the cone accidentally. These may 
be repaired simply by brushing on cement, 
as shown in Fig. 3. Gently push the torn 
edges together after applying the cement 
on both sides of the tear. 

Longer tears may be repaired by patch- 
ing with cement and cheese -cloth, as 
shown in Fig. 4. 

If the tear is extensive, however, have a 
new cone installed. This job is not too ex- 
pensive, but does require a fair amount of 
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skill. It can be handled best by a profes- 
sional. 

Off-center voice coil: This is probably 
the most common loudspeaker defect. If 
the voice coil is off center, it will rub 
against the pole piece and field magnet, 
distorting the sound. 

You can check for this defect by holding 
the speaker by its edges and gently moving 
the cone back and forth with your thumbs, 
as shown in Fig. 5. Use only enough 
pressure to move the cone. If the cone is 
off center, you can easily feel the voice 
coil rubbing against the magnet on one 
side. 

To re- center the cone and voice coil. 
you'll need several thin shims. These can 
be purchased in sets at your radio supply 
store and are available both in non -mag- 
netic steel and in fiber. You can also cut 
the shims from thin card stock if you do 
not have the regular shim stock. 

On many old style speakers, a "center- 
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