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cabinart KITS 

J 

HI -FI speaker- equipment cabinets 

i 

Model 80 has lift 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, 
15' /2"D. M8112, M8115 baffle volume: 6 
cubic feet. %" white pine 

Model 80 equipment cabinet kit $27.00 
Model 811 2 12" speaker cabinet kit 18.00 
Model 811 5 15" speaker cabinet kit 18.00 

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

CORNER HORN 
Model 61, 12" speaker- $19.95 
Model 63, 15" speaker -$23.95 

all prices slightly higher west and south 

ACOUSTICALLY ENGINEERED- ASSEMBLED WITH ONLY A SCREWDRIVER! 

FEATURING THE KLIPSCH- DESIGNED 

DIRECT RADIATION OF HIGHS 

BACK RADIATION OF LOWS 

KIT FORMS BY 

MODEL K- 12- $36.00 
MODEL K -15- $42.00 

4 
ready -to- finish birch 

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 re- 
sistance 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 response higher 
in the sound scale. 

75 North 1 1 th Street 

Brooklyn, N. Y. 
Trade Mork 
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BROADCASTING g, pay to ten, 
opera ers znd :etftnicitns. 1200 Television static ..n the air 
now, tnnbreds mere under construction and still rao-e author - 

,- . + 'aid and bright future for me' vio qualify. 

RADIO- TELEVISION '' n ,' ',' '' an 
i 
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SERVICING ' 

'L,,. `: i I ?I a week extra 
.i r,. I ;... v M.,ry I :l irraduates 

r own full -time business or take good Jo Ss coir h d "ales. 

Let Me Show HowYouCanQualify for 

RADIO TEIfVISION,"a`E inSpareTime 
d 

1. I. Wait Pre,i4..t 
Randall 'ADIO INTINTI. 

na411INGTDN, D. C, 

hu trained more men for 
RadioTelevsion than 
anyone else. You benefit 
from his 40 years' experi- 
ence training men at home. 

TRAINING plus OPPORTUNITY 
the PERFECT combination for ami'.' 
men. Let me send you a sample I, 

from my course to prove you can keep our 
job while TRAINING at home in your 
spare time, for better pay and a brighter 
future. I will also send my 64 -page book 
to show you that Radio-Televsion is 

today's field of OPPORTUNIT] for prop- 
erly trained men. 

Practise Broadcasting or Servicing 

with Kits of Parts I Send You 
'Ling tikes the place of precteral xt.'tenc,- "I, tr, xhy 

L'L training is based on LEARNING By DOING. My train - 
:.a includes lots of ?arts which you use to build equipment :, n'l 

et Tracheal experience on circuits common to bath Rod, . 

Teleilion. Sloan at the left is the low -Tower Erna! 
'Transmitter you build as part of my Communications i 

It gira you experience putting a station "on the am" Icarmng , procedures required of broadcast station operators. Shown be- 
It ,dl, ..xi build as 

. \ .e 

+4a 

Television Growth Making More 
Good Pay Jobs, Prosperity 

growing let Gov ernrnent, Aviation. Police Ship, 
Micro-wave R I ), Two-way Communications 
Systems for buses, taxis trucks, railroads are 
other growing fields providing good job oppor- 
tunities and bright futures for men properly 
trained in Radio-Television. 

Start Soon to Make 40, 95 
a Week Extra Fixing Sets 

You can start to cash in fut. Many men I train 
fix neighbors' sets, make extra money, starting 
soon after they enroll. Multitester built with 
parts I send helps locate and correct net troubles. 
Read at left how you build actual , .a inent 
that gives you practical experience a v .:carts 
common to both Radio and Televiso'' 

Mail Coupon -Find Out About 
Tested Way To Better Pay 

Act now to coos' mare good thmgs of life. Take 
NRI training for as little u $5 a month. Many 
NRI graduates (some with only a grammar 
school education) make more in two weeks than 
the total cost of my training. Mail coupon today 
for Actual Lesson and 64 -page Hook -BOTH 
FREE. J. E. SMITH, P-esident, National Radio 
Institute, Dept. 6FD4. Washington 9, D.C. 
OUR 40TH YEAR. 

I Trained These Men 
Est a Money Spire Time 

i ng 

-. . 

1 1 

pare 

' t1 1..1. t .nr Radio i: 
1 ': :,.. n I,e'- 

tt II.I.i.t'.1 1wi;YtF;, fitnok- 
:01, New Y, r',. 

Got tail Off, Coed Thing 

1 .. 

n.. t,a..1 r. uye:rry. 

cant. Teas. 
Engit.eee Riti Statist. WIPE 

NRI, I np.,atn 
'ul tad n repair shop. 

1 g.t ooh ont WI'AQ i ll' iR a w 1 

an rng,r. r for aNYE." 
-VANS' WWII.; NIA V, High 

-c' Point, North Car,dma 

paner d ADP "c' Stare - 

"1 , st.t, a ,herd of the Grants' 
ville Appliance Co.. Inc. in my 
horror town with branch store 
in ,.pese -r, West Virginia. 

very look vyy good fair the 
lutu-e. "- BERNARD SIERS, 
Graatov,ll.. W'r,t t'. 

AVAIL/MLR TO 

VETERANS 
UNDER 01 DILLS -t 

Mr. J. E. SMITH, President, Dept. SFD4 
National Radio Institute, Washington 9, D. C. 

Mail me Sample Leswn and 64 -page (Book, FREE. (No 
:Jesman will call. Please write plainly.) 

NAME....._........_ _.._........_ .............__. _.........._..AGE 

ADDRESS -- 
CITY ZONE . STATE... 

VETS OF DISCHARGE 

1lkaaBe a 

Success 

e 

POPULAR ELEC'RONICS is published monthly try Z:RDavls Publishing Company, William B. Ziff, chairman of the Boned (1046. 
':t,, nt t,s F:. lake St., Chicago 1, III. Entered as second classe matter August 27, 1954 at the Post (Mlee, Chicago, Minot.. 

SUSSCRIPTION RATES: One year U.S, and posuemlu'te, and Canada $3.00: PanAmerican Union Countries SJ.ao all other foreign 
countries $4.00. 

une, 1955 
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 GREAT OPPORTUNITY FIELDS 
Conditions are changing. Many "one operation" jobs that 
have paid well w 1 not last. Don't be satisfied with a "no future" 
jab. 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, fie¡Els 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 1899 

A TECHNICAL TRADE INSTITUTE CHARTERED NOT FOR PROFIT 
500 5. PAULINA STREET, CHICAGO, Dept., AS -71 H 

ELECTRICITY * RADIO * TELEVISION * REFRIGERATION * ELECTRONICS 

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

Get FREE Book 
Send coupon for 48 page 
illustrated book "Guide to 
Canes in Electricity and Tele- 
vision- Radio." No cost; no 
obligation; no salesman will 
call. Get vital facts now 1 

1-B. W. COOKE, President 
COYNE ELECTRICAL SCHOOL 
500 S. Paulina St., Chicago 12, I11., Dept.A5 71H 

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

Electricity Television -Radio 

Name 

Address 

Cite .State 

The future is YOURS in TV -RADIO ! 

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

Coyne brings you the first truly low t, MODERN-QUALITYTelevi- 
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 er previous experience needed. 
Personal guidance by Coyne Staff. Practicatdob 
Guides to show you how to do actual servicing E. W. CONE, Prstldent 
jobs -make money early in course.With Coyne 
Television Home Training yore pay only for 
your training, no costly "put together kits ". 

Copes -the Institution behind this 
500 S. Pauline St., *apt.A5 -HT7, Chicago 12 training ... the largest, oidest,best 

A TECHNICAL TRACE INSTITUTE OPERATED equipped residential school of its 
NOT FOR PROFIT kind. Established 1899. 

June, 1955 

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

FOR FREE 

COYNE ELECTRICAL SCHOOL 

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

Name 

Address 

City State_ 
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REMOTE 
for model 

Build this 

CONTROL UNIT 
planes, be ats, cars 

Using a 

TRANSISTOR 

Thanks to the Raytheon CK722 Transistor, you 
can build a compact, lightweight radio control unit that will give you ma -e hours of performance 
than ever before possible. 

The useful life of the ?K61 fn control circuits 
is governed principally by the amount of plate current drawn during operation. USe of a Ray- theon CK722 Transistor as a D.C. amplifier fol- 
lowing the RK61 circuit permits the thyratron to idle at a lower value of plate current thus increas- 
ing tube life. 

Free circuit information on this new CK722 
Transistor application is yourr for the asking. 
Simply write Department P6. 

RAYTHEON) 

ex.-el/once in L"!r.laric 
RAYTHEON MFG. CO. 

Receiving and Cathode Ray Tuae Operations 
Newton 58, Massachusetts 

RELIABLE SUBMINIATURE AND MIWIATURE TUBES 
SEMICONDUCTOR DIODES AND TRANSISTORS 

NUCLEON!: TUBES 
RECEIVING AND PICTURE TU3ES MCROWAVE TUBES 
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ITEMS OF INTEREST 

Scatter Propagation Tests 38 

TV Received in Flight 90 

Rocket Seeks Radio Data 102 

Tapeof -the -Month Club 102 

NEW PRODUCTS 

Economical Hi -Fi Amplifier 40 

Wide Range Tape Recorder for Custom Installation 40 

Hearing Aid Concealed in Head Band 90 

Low Cost Signal Generator 90 

Unique Kit for Experimenters 93 

Kit Builds TV Set 93 

Kit Builds Electronic Organ 100 

Hi -Fi FM Antenna 100 

Compact 3 -Way Hi -Fi Speaker 101 

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 & Gadgets" appearing on 
pages 112 to 114 of this issue of POPULAR ELECTRONICS. 

COMING NEXT MONTH 

POPULAR ELECTRONICS 

"Uranium Prospecting Issue" 

The Bakerfield Uranium Strike 
Building a Simple Geiger Counter 
Modifying Geiger Counters for Metering 
Market Survey of Geiger Counters 
Light Beam Transmitter for Voice 

Communication 
Audio Frequency Meter 
Checking Out Clock Radios 

Easily Built Chassis Rack 

Transistor Pocket Radio Receiver 

High -Fidelity Audio Kits Radio Control 
Short -Wave Listening What's New 

How It Works How to Make It How to 
Use It Carl & Jerry Tips & Techniques 

IN THIS MONTH'S 

RADIO & TELEVISION NEWS 
(June) 

A Transistorized Light -Beam Audio Transmitter 
Helicopter Communications on 2!3 Meters 
Why the NARTB Curve for Magnetic Tape? 

The "Rebel 5" 
Tone Transmitter for Radio Control 

POPULAR ELECTRONICS 



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 
Registered Patent Attorneys 

59 -F DISTRICT NATIONAL BUILDING 

WASHINGTON 5, D. C. 

June, 1955 



Build this low -cost, code oscillator! 
Helps you learn code faster; prepare 
for your novice license. All parts 
and simplified wiring instructions in- 
cluded. Then plug into any 110 volt AC 
source, and with accessories shown, 
you're ready to go. 

Stock No. 89A001 

SEND FOR COMPLETE 
LIST OF WRL KITS 

TODAY! 

Completely 
Bandswitching 

GLOBE SCOUT 
65 Watts CW; 50 Watts Fone 

Transmits on 10-160M 
amateur bands. Metering 
provided. Pi Network 
antenna tuner. Self -con- 
tained power supply. May 
be used mobile; provi- 
sions for dynamotor at- 
tachment. 10056 modula- 
tion of Final. Thoroughly 
TVI- screened cabinet. An 
ideal rig for the novice. 
Cabinet 8 "x16 "x8 ". 

ACCESSORIES 

1 -38 Key $ .99 

Stock No. XA883 

Headphones $2.01 
Stock No. 50A065 

Phone Plugs $ .33 

Stock No. 1A025 

Order By Cat- 
alog Number 

only 

$7.95 
per month 

Pay lust $10.00 
Cash Down 

All Prices Subject To Change Without Notice! r - - - - -- - 
"aee PE -6 I 

I 

I 

I 

I 

I 

I 

I 

PAM 
A 

3415 W. Broadway - Co. 

Please send me your: 
Code Oscillator Kit 
($4.95) 

Info on Other WRL Kits 
Info on Globe Scout 
Giant Radio Map (25c) 
Recond. Eqpt. List 
J -38 Key (99c) 
Headphones ($2.01 
Phone Plugs (33c) 
FREE CATALOG 

NAME. 

ADDRESS. 

WORLD RADIO 
LABORATORIES 
WOW 

u.,,.. 

CITY and STATE- - mum immi awe - RIM .J 

FOLLOWING THE RELEASE Of OUT April issue 
which contained a short April Fool article 
on "Contra -Polar Energy" (page 27), a 
number of readers wrote in asking if at 
some future date negative energies and 
frequencies might be possible. Although the 
"Contra -Polar Energy" article may have 
made negative energy appear to be a sim- 
ple matter, it is actually a reversal of many 
well -known accepted physical laws. As por- 
trayed in this article, "Contra -Polar En- 
ergy" is an impossibility. 

As mentioned in this column last month, 
the July issue will contain, in addition to 
our many regular articles and features, a 
section on Geiger counters. We will show 
detailed plans on building a handy 700 -volt 
Geiger counter with metering, earphones 
and a neon flasher. And Leo Sands has been 
assigned the task of writing a story from 
Bakersfield, Calif., on the uranium pros- 
pecting rush in that vicinity. 

Considerable effort has gone into the 
preparation of a market survey of com- 
mercially available Geiger counter equip- 
ment for the July issue. To our knowledge, 
this will be the first time that material of 
this nature and scope will appear in print. 
If you are in the market for a Geiger 
counter to take on your camping trips, you 
will find this particular article of value. 

The August issue of "POP'tronics" will 
introduce a new department catering to the 
interests of our radio amateur -minded 
readers. It will be conducted by Herb 
Brier, W9EGQ, a popular writer on the 
subject of novice ham radio. Herb will en- 
courage the participation of newcomers in 
novice radio. His material published in 
other magazines has done much to further 
radio amateur activity. 

There appears to be some confusion as to 
the use of the Citizen's Radio bands. In 
fact, the possibility that a great number of 
unlicensed transmitters are in operation 
has been brought to our attention. Next 
month we will devote space to a clarifica- 
tion of the Federal Communication Com- 
mission Rules and Regulations on this sub- 
ject. Please look for it if you are a model 
radio -control enthusiast! 

o.p.f. 
POPULAR ELECTRONICS 
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NON -VETERANS! 

YOUR ENTIRE LIFE 
L. C. lane. B.S., M.A. 

President, Radio- Television 
Training Association. 
E aecutive Director, Pierce 
School of Rodio E. Television 

RADIO -FM- TELEVISION TECHNICIAN 
COURSE - No previous experience necessary. You 

earrnhypracticing wih the professional equipment 

i send you. Many of my graduates now have good 

paying technician jabs with such firms as RCA, NEC -TV, 

Dumont TV and numeras other TV Studios and plants. 

FM -TV TECHNICIAN COURSE - Previous 

training or experience h radio required. You can save 

months of time if you have previous Armed Forces or 

civilian radio experiencs! Train at home with kits of 

parts, plus equipment tc build BIG SCREEN TV RECEIVER. 

ALL FURNISHED AT NO EXTRA COST! 

EXTRA TRAINING IN NEW YORK CITY AT NO ADDITIONAL 
COST - After you finish your home study training in either of these two 

courses, you get tifo weeks, 50 hours, of intensive laboratory work on modern 

electronic equipment et our associate school in New York City, Pierce School of 

Radio & Television. THIS EXTRA TRAINING IS YOURS AT NO EXTRA COST 

WHATSOEVER. My courses are complete without this extra training, but it gives 

you added opportunity for review and practice. 

TV CAMERAMAN AND STUDIO TECHNICIAN COURSE - Ad- 

vanced training for men with radio or TV training or experience. I train you 

at home for an exciting high pay job as the man behind the TV camera. 

THREE COURSES TO TRAIN YOU 
FOR THE JOB YOU WANT 

SA 

Just by clipping the coupon below and 
riding it to me tocay, you can open 

p ci whole new friture for yourself 
in America's fastes-- growing field) - 
Radio -Television -Ele:tronics. 

The very day I receive ycur coupon I will send to you 

e Sample Lesson and my New 36 -page Book 

wing you "How to .Mete Money in Tele,ision, 
o, Electroni:s" by STUDYING AT HOME IN 

UR SPARE TIME. 

My school fully approved to train Veterans under New Korean G.I. 
Bill. Write discharg-n date on coupon. 

EARN WHILE YOJ LEARN - Almost from the very start you can earn 

extra money while learning by repairing Radio -TV sets for friends and neighbors. 

Many of my students earn up to $25 a week ... pay for their entire training 

from spare time earnings ... start their own profitable service business. 

FREE FCC COACHING COURSE - Important for BETTER PAY JOBS 

requiring FCC License. You get this training AT NO EXTRA COST. Top TV jobs go 

to FCC -licensed technicians. 
With the equipment I send you as part of your course 

you BUILD and BEEP a professional GIANT SCREEN TV 

RECEIVER complete with big picture tube (lakes any 

size up to 2I -inch) ... also a Super -Het Radio Receiver, 

AF -RE Signal Generator, Combination Voltmeter -Ammeter. 

Ohmmeter, C -w Telephone Transmitter, Public Address 

System, AC -DC Power Supply. Everything supplied, includ- 

ing all tubes. My practical, easy-to-understand lessons 

have brought success to hundreds of men. You, too, can 

train for a better -paying lob or set up a business 

of your own if you act NOW! 

Super.0st 

Rodle Iweieer 

absolutely nc cost or of ligation you can see for 
rself how you can begir now to prepare yourself 
a better -paying career os a TV repair ran, studio 
nician, cameraman or ary one of the many 

mising jobs in the field that is bringing success: 

security to hundreds of men - many of theme 

no more than grammar school education and- 
experience whatsoever. 

ou think I woo exaggeraing when I said, "My Or 

n May Change Your Enti -e Life," just see who 
duality about 

"RTTA training 

gave me the skill 

and know -how to 

do the work I love 

ov 
and 

nnlo 
besl lilet: 
ter Things s 

Gimlen Harold 
Flint, Michlga 

been for 
,ad not 
ou, ,our instructor- 
and Ihr 

Would 

school, 

h awe had this 
evporenity. 
J. A. min 

Radio -Tr R>.airrrpn 
CohurR, 

On I. ("°4 

"I know 1 would 

not hove achieved 

this plogress it It 

weren't for the 

help and guidance 

from RTTA " 
Edward B eaull 

(hiel Radar Operator 

Notional Guard 

Control Fells 11,!.. 

e letters and many more like them are in my 
The TV Boom that brogh good opportun ties to 

se RTTA graduates is sti on with no sign of letting-. 
Don't let oaportunity pass you by. Write today 
your Sample Lesson, new 36 -page book, TV Job 

portunities List, and 43 -state list of future TVA 

MAIL THIS COUPON T KAY. 
fallir Add,. 

Wee 
M. ler.rd c , NAL1rO-r)IEVISION MANNING ASSOC IANON 
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GIFT OFFER! 
One 6BG6G tube 
will be shipped 
FREE with any 
$10 order accom- 
panying this ad.] 

LETTERS 
FREQUENCY RESPONSE OF SPEAKERS 

In "What We Hear" (March issue, page 22), I 
read: "Unfortunately, no single speaker has yet 
been designed that covers the complete audio 
spectrum." I presume that "complete" means 16 
to 16,000 cps. If so, that is wrong. I have just 
been to the University of British Columbia's Open 
House Day, and in the Physics Department I saw 
and heard an electronic instrument that produced 
frequencies from 10 to 30,000 cps through a single 
speaker. (I heard only 20 to 15,700 cps.) At 
full volume, around 10 or 15 cycles, it gave me 
a peculiar feeling in the chest, and at 15,000 cps 
it nearly shattered my teeth ! Have you any 
idea how this speaker worked? Apparently, the 
speaker was limited only by the range of the 
signal generator. 

Pete Rugge 
Vancouver, B. C., Canada 

What reader Rugge describes is more of a lab- 
oratory experiment than an actual listening situa- 
tion in which speech and music are heard under 
normal conditions. Be that as it may, the re- 
sponse of a speaker to pure signal generator tones 
is not necessarily the last word on how it will 

respond to music from a sizable ensemble. Other 
factors must be considered, such as how the 
speaker handles complex combinations of nu- 
merous frequencies at once; hangover effects; 
transients; degree of balance throughout the audi- 
ble range; power- handling capacity; resonant 
frequency; etc. Getting a transducer to vibrate 
at different separate frequencies is only part of 
the problem involved in designing loudspeakers 
that are intended for use in hi -fi music systems. 
However, we are looking into this matter, and if 
and when a single speaker that covers adequately 
the range of 16 to 16,000 cycles is made com- 
mercially available, we will be happy to acknowl- 
edge it. 

PHONO STYLI 

One question: Why don't they make phono- 
graph styli from tungsten carbide, which is al- 
most as hard as diamond? 

Mike Rivers 
Arlington, Va. 

Attempts have been made to "shape" such styli 
but have been largely unsuccessful to date. 

MATERIAL ON TV 

congratulations on a good magazine. I have 
enjoyed your articles very much and intend to 
save every issue. 

Noted in your "Letters from Our Readers" col- 
umn one asking for information on TVI and TV 
boosters. All well and good but I would hate to 
see this fine little magazine go the way of a few 
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TELTRON TUBES 
Guaranteed! Lowest Prices Ever! 

AU tubes individually boxed . . . unconditionally guaranteed for one year. 

Model 825K 
Ilium. gear -driven TYPE PRICE 
"Speed Roll- 
chart" 
New leer- action 
switches for In- 
dividual testing of 
every element 
Tests all conven- tional and TV 
tubes 

This Eico Tube Tester 
is yours FREE when 
you buy 5190 worth of 
tubes or more within 
60 days at Teltron. 
May be bought out- 
right from Teltron 
or $34.95. 

SPECIALS! 
Till July 1st 

TYPE PRICE 
183GT 
1U4 . 

1 U . 

5U40 
RAGS 
6A U6 
68E6 
66Q6GT 
60060 

\ 6S4 
6SN76T 
6uu4GT 
12AT7 
12AÚ7 
125A7 
125K7 
12SQ7 
351.807 
501.601 

. .38 

. .38 

. .39 
.48 

. .37 

. .39 

. .74 

. .74 

. .38 

. .52 

. .38 
.49 

. .39 

. .39, 

. .35 

. .38 

. .45 

1A7GT .. .53 

1H5GT .. .51 

1L4 .... .51 

1L6 .... .51 

1LC6 ... .49 

1N5GT .. .51 

1R5 .... .51 

1T4 .... .51 

1X2 .....65 
2A3 .... .35 

247 .....35 

305GT .. .61 

354 .... .48 

3V4 .... .48 

5V4G ... .49 

5Y3GT .. .30 
5Y4G ... .40 
648 .... .40 
6ÁC7 . .65 

6ÁF4 ...1.02 

6AH4GT . .65 

TYPE PRICE 

64K5 ... .96 

64L5 ... .43 

6405 ... .48 

6AR5 .. .48 

6ÁU561 . .60 

6ÁV6 .. .37 

6AX4GT . .60 

6AXSGT . .60 

6BA6 ... .58 

6847 ... .58 

6BC5 ... .48 

6BF5 ... .48 

6BG6G ..1.18 
6BH6 ... .51 

6BJ6 ... .51 

6BK5 ... .75 

6BK7 ... .78 

6BL7GT . .78 

6897 ... .85 

6BYSG .. .60 

6BZ7 ... .95 

TYPE PRICE TYPE PRICE 
6C4 .... .41 6X4 .. .37 
6CB6 ... .51 6X5GT .. .38 
6CU6 ... .95 6X8 .... .80 
6F6 .. .42 7F8 .... .49 
6F5GT 
6H6 ... 
6J5GT 
6.16 

61(661 

.. .44 

.50 

.. .49 

61 
.. .39 

7N7 .... 

12ÁL5 .. 
12ÁT6 .. 

12ÁU6 .. 

.52 

.43 

.37 

.43 

6K7 .... .40 12ÁV7 .73 

6L6 .... .78 12AX4GT .60 

607 .. .40 124X7 .61 

65861 .. .65 12ÁZ7 .65 

6SA7 . .45 1284 . .72 

6SK7GT . .45 12846 .46 
6SL7GT . .60 12847 .58 
6S97 ... .40 128E6 .46 
6T8 .... 
6U8 .... 

.71 

.76 
12BH7 .61 

6V3 .80 12BY7 .65 

6V6GT .. .48 12BZ7 .. .63 

6W6GT .. .53 12SL7GT. .60 

TYPE PRICE 

125N7GT. .56 

1918 . .71 

25B06GT..82 
25CU6 ..1.09 
25L6GT . .41 

25Z5 . .55 

25Z6GT . .36 

3585 ... .48 

35C5 ... .48 

35W4 ... .33 

35Y4 . .35 

35Z5GT . .33 

5045 ... .48 

SOBS .. .48 

SOCS . .48 

117L7GT 1.20 
117Z3 .. .33 

117Z6GT. 65 
80 40 

1629 ... 39 

TERMS: Save all freight and postage FREE E E SAME DAY SERVICE chargos. 

t5) 

Au orders accompanied by full S7.20 list value Bonus remittance will be shipped POSTAGE 48 Hour Postal Delivery PAW anywhere in the continentál U.S.A. Box of three 6SN7 
251 deposit required on c.O.o.'s. el.00 tubes and 25 assorted resistors To West Coast handling charge on orders under su). with each order of $25 or more. Open accounts to rated firms only. 

TELTRON ELECTRIC COMPANY 
428 HARRISON AVE. DEPT. PE -6 Phone HUmboldt 4.9848 HARRISON, N. J. 
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ADD HIGH FIDELITY 
TO YOUR HOBBY 

This natural extension of your hobby provides a new 
source of pleasure for your entire family. And with the 
"know -how" you already have, it is easy to put together a 
true high -fidelity system that gives thrilling, lifelike music 
reproduction. Just as E -V microphones and other equip- 
ment are widely used in amateur and commercial com- 
munications...so have E -V :-sigh- fidelity reproducing com- 
ponents and systems achieved high recognition for their 
outstanding quality. Shown bere are a few typical examples. 

The Aristocrat. Folded -horn corner 
enclosure. Designed for E -V or any 
full -range 12 -in. speaker or E -V sep- 
arate 2 -way or 3 -way systems. Un- 
usually smooth reproduction down to 
35 cps. Selected mahogany veneers. 
Size: 29-5/8 in. high, 19 in. wide, 
16-5/16 in. deep. 

Mahogany Net: $66.00 
Korina Blonde. Net: $72.00 

Model A200 Circlotron Amplifier. 
Has all necessary inputs and con- 
trols for handling a complete high - 
fidelity system. Power output 20 
watts rated, 40 watts on peaks. Fre- 
quency response -±- 1 db 20- 20,000 
cps at full 20 watts. Size: 103/4 in. 
wide, 113/4 in. deep, 73/e in. high. 

Net: $110.00 

Model 12TRXB Triaxial Speaker. 
Integrated 3 -way speaker system 
combines E -V T35B Super Sonax, 
Radax Propagator, and large bass 
cone with heavy magnet in one com- 
pact, concentric assemb y. Response 
35- 15,000 cps in recommended 
Aristocrat enclosure. With level 
control for VHF driver. Net: $59.70 

Model 84 Ultra -Linear Ceramic Car- 
tridge. Flat response -!- 21/2 db from 
20 to 15,000 cps. No preamplifier 
required. No inductive hum pick -up. 
No microphonics. High-level output. 
For microgroove 331/3 and 45 rpm. 
Model 84D. 
With Diamond Stylus. Net: $23.10 
Model 84S. 
With Sapphire Stylus. Net: $ 9.60 

ELECTRO -VOICE, INC. BUCHANAN, MICH. 

See your E -V Distributor,or 
write for helpful literature 

HIGH FIDELITY SPEAKER SYSTEMS, AMPLIFIIRS, MICROPHONES. PHONO- CARTRIDGES, AND OTHER ELECTRO-ACOUSTIC PRODUCTS 

June, 1955 li 



GET THE WORLD'S LEADING 

RADIO & TV CATALOG 

VALUE- PACKED 

AGE 1955 
ALLIED 
ELECTRONIC 

BUYING GUIDE 
Builders and Experimenters: 

Save on Everything in- Radio & 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! 

POPULAR 
ALLIED 

KITS 

DOZENS OF 
OTHER KITS 

AVAILABLE 

Famous Radio Lab Kif (10 Kits In I) 
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. 
83 S 265. Radio Lab Kit, only 514.25 

Wireless Broadcaster Kif 
Permits "broadcasting" phonograph or 
microphone through any standard radio 
set (up to 50 feet away) without any con- 
nection to set. May be used with any 
phono or crystal - mike. Easy to build. 
Includes all tubes, chassis, parts, Instruct 
Lions. 4K x 5 x 6'. For AC -DC. 3 lbs. 
83 S 705. Broadcaster Kit, Only 59.95 
99 S 556. Crystal mike for above . 53.95 

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 

ALLIED RADIO CORP., Dept. 79 -F -5 
100 N. Western Ave., Chicago 80, Ill. 

Send FREE 308 -Page Catalog 

Send Kit No. 83 S 265 Send Kit No. 83 S 735' 
Send Kit No. 83 S 705 $ 
Mike for above 99 S 556 enclosed 

Name 

Address 

r, City Zone State_, 

1 

1 
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others that I used to purchase. I can remember 
how we hams and experimenters were slowly eased 
out of these publications with the advent of TV 
until they are now almost completely filled, with 
TV service articles. I suggest that people request- 
ing information on TV be referred to these mag- 
azines. 

Maybe, if this letter were printed, we could 
get some other comments. 

John J. Broadbrook, W1TYS 
Bridgeport, Conn. 

Thank you, W1TYS, and rest assured we will 
never go the way you fear. See page 102, in our 
May issue, for a clear statement of our policy on 
these matters. To the extent, however, that any 
material on these subjects does not seriously in- 
vade the domain of the professional technician 
and does have interest for our readers, we will 
run it. 

WAX HOLDS SCREW FIRMLY 
In your April issue, you have an article which 

describes holding a screw with tape on the screw- 
driver. I find, when working on a TV or radio 
set, that I keep the screw on by rubbing the head 
of the screw on a waxed paper capacitor or any 
waxed article that is in the set. The slot on the 
screw fills with wax which gives a pretty snug fit. 

Cornell Siket 
Fairfield, Conn. 

END -OF -STORY SYMBOLS 

I am a long -time reader of your "sister- publi- 
cation" RADIO AND TELEVISION NEWS, and a con- 
stant reader of POPULAR ELECTRONICS since the 
first issue last October. The former uses the sym- 
bol 3Q at the end of stories instead of the 
word "end." Somehow I feel this is more appro- 
priate since it not only looks better but is an old 
radio operator's signal for signing off. 

Russell B. Boyce 
San Francisco, Calif. 

Starting with this issue, the symbol 1 will 
be used to designate the end of a story. Actually, 
this symbol had its origin in old telegraphy pro- 
cedure and later was adapted by newspaper 
writers to indicate to the printer that the end of 
the manuscript had been reached. 

BUILDING TAPE RECORDERS 

I am extremely interested in tape recorders and 
would like to build one completely myself - 
mechanically and electronically. Now, in setting 
up the motor, is speed reduction best accom- 
pished by gears, resistors, or transformers? 

Also, where can I find a schematic on the pre- 
amplifier for such a recorder? 

Gary A. Thonipson 
Shaw A.F.B., S. C. 

The steps necessary to construct your own 
tape recorder will be covered in a series .of ar- 
ticles planned for our late summer and fall 
issues. 

BOUQUET FOR "CARL AND JERRY" 
I noticed that some readers have complimented 

you on the fine electrical articles. I also noted 
that no one has made mention of Mr. Frye's 
"Carl and Jerry" which I certainly think should 
be commented on. I hope your readers haven't 

POPULAR ELECTRONICS 
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NOT 40% ... NOT 50% ... NOT 60% but 

SAVE 70X, 800 and 90X OFF LIST PRICES! 
SAME DAY SERVICE. ALL TUBES RIMA 
GUARANTEED FOR ONE FULL YEAR 

Hallicrafters Emerson Motoro -a 
Admiral Phllco Sonora 
Stewart -Warner Stantron American 
Zenith Crosley Monte 
Several or e of these brands will be supplied 

on your order. 

All tubes individually boxed. We also carry a full 
line of all special purpose tubes. Send us your re 
qu irements. 

FREE $withS eaoch 

more order. 5 -Pc. 
Sylvania Repair Kit. 
Value $4.95. In- 
cludes: flashlight head, 

042 
OA4G 
002 
0C3 
OD3 
OZ4 
1A4P 
14707 
1 B3GT 
1C5GT 
1 D5GP 
1 E7GT 
1G6GT 
1H4G 
1 H5GT 
1J6GT 
1 L4 
1L6 
1 LA4 
1 LAO 
11.04 
1 LC6 
1 LD5 

Philips screwdriver, flat head screwdriver, align - 1ILLGE3 
S 

melt tool and polystyrene case. 1LH4 

194 SPECIALS! 
For Limited Time Only 

1A4P 1H4 24A 1619 
1E7GT 7E5 26 39!44 
1F4 lOY 27 9004 
1G6 12Z3 954 9006 

11.145 
1 N5GT 
1 P5GT 
1 R4 
105 
154 
155 
1T4 
17507 
1 U4 
1 U5 
1V 
IX2A 
2AS 
2A7 
207 

FREE with every order ... regardless of size 2D21 
Here it is -free to everyone -a combination lvdñ 
kit of resistors, condensers, volume control and 
line cords -retail value $2.95. (May be pur- 
chased separately, if desired.) 
Send for our parts and tube catalogue. 
Open Account to rated firms. 
TERMS: 250,0 deposit required on all orders, balance COD. 
Orders under $5.00, 50c s 

r 

charge. Postage paid in USA 
on ll orders accompanied by full remittance. All unused 
money ref unded with order. 

.70' 3A4 .53 688 .70 654707 .48 12477 .68 2525 .38 

.601387 .57 6BÁ6 .49 65C7 .5033AÚ6 .43 252607 .38 

.70 .45 6BCS .49 6507 .43 12AÚ7 .55 27 .23 

.90 3LF4 .56 68E6 .50 6587 .45 I2AV6 .37 32L7GT .60 

.90 3Q4 .48 68F5 .41 6SJ7GT .45 12AX7 .60 35A5 .48 

.45 305G7 .59 6806G 1.18 6507 .48 12ÁY7 .90 3585 .52 .35 354 .48 68X6 .51 G5L7GT .57 l26Á6 .48 3505 .51 .45 3V4 .'58 6816 .49 65N7GT .57 1284 .70 35L6GT .48 .68 5R4GY .75 6805 .70 650707 .43 
35W4 .35 .43 574 .70 68074 .78 658707 

13 

12BEG .50 
.45 5U4G .44 6886 .59 6557 .43 128H7 .61 35Y4 .35 
.43 5V4 .60 68L7GT .77 6770 .63 12BY7 .68 3523 .41 
.43 5X4G .44 68074 .80 6V6GT .48 12JSGT .40 50L6GT .45 
.43 5Y3GT .32 6627 .90 6W4GT .40 1208 .49 45Z5GT .40 
.49 SY4G .37 6BY5G .60 677G .63 125A7 .48 50A5 .48 .49 523 .42 6C4 .39 6WGGT .56 
.43 524 .54 6C5 .36 6X4 .35 125X7 .47 SOBS .52 
.59 647 .59 6CB6 .51 6X5GT .35 12SJ7GT .45 SOCS .51 
.59 648 .59 6CD6G 1.18 6Y6G .57 125K7 .48 SOL6GT .45 
.49 6464 .44 6E5 .46 6X8 .75 125L7GT .59 70L7G7 .60 
.59 6AF4 .80 6F5GT .39 7A4.XXL .47 125870T .57 75 .44 
.49 GAGS .51 6F6 .40 7A5 .S5 12SQ7GT .40 77 .39 
.59 6ÁH6 .70 6066 .42 7A6 .47 12Z3 .25 78 .39 .59 64J5 .70 6X607 .40 707 .45 1445 .59 80 .35 .59 6405 .55 6.14 2.00 748 .46 1447 .45 83V .60 .66 6ÁL5 .40 6JSGT .40 

785 .41 14B6 .40 1171701 .49 64 L7GT .70 6J6 .49 
.51 6Aß5 .48 6J8 .45 7B8 .43 1407 .52 1.10 
.50 6455 .50 6J8G .90 768 .47 198060 1.18 1178707 
.66 6456 1.75. 60607 .39 7C4 .40 19J6 .66 1.10 
.57 6457G 2.25 607 .40 7C5 .44 1978 .70 117P7GT 
.53 6476 .40 608 .67 7C6 .45 24A .40 1.10 .52 6ÁÚ50T .60 6 .44 

.35 25A7GT 1.50 11723 .37 .58 6AÚ6 .43 6N7 7E5 .45 
7F8 .70 2SAVSGT .80 117Z6GT .65 

.49 6ÁV 

.49 6AV6 .40 687 .45 
6 .40 657 .49 724 .35 25L6GT .80 2050 1.25 

.43 604507 .59 654 .47 1246 .40125L6GT .48 2051 1.25 

.43 6840 .34,6470 .47I12Á76 .4225Y5 .45 9001 1.50 

.59 Same day service. All Pubes RTMA guaranteed for one 

.23 full .89 
year. 

1.00 

1.00 Stanlev ELECTRONICS CORP. 

935 MAIN AVENUE - PASSAIC, N. J. 

Dept. PE6 Gregory 7 -2498 

EMe EXCLUSIVE 

BASIC SERVICE SHOP TEST 
EQUIPMENT for only $6855* 

You get ALL 
three of these 
precision 
instruments 
...in this 
sensational 
offer! 

PLUS FREE...with this special offer 
Model CRA (Picture tube adapter 

for model 208) $4.50 
2 Model IS (Instrument stands) 1.96 

Total retail cost if purchases $6.46 

tv 
EMC model 
VTVM 

Price of this individual unit 
Model 106 (wired and 

tested) 525.90 
Model 106 (in kit form) 523.90 
Accessory probes availabl s 

HOW TO GET IN ON THIS SENSATIONAL OFFER! 
Start your own service shop with Rofessional precision test equipment at solid savings plus the free 
Picture Tube Adaptor and Instrumert Stands given in this special EMC offer. 
Go to your favorite local jobber, purchase the above three instruments (Models 106, 500, 208), mail -.he 

three enclosed guarantee cards -c EMC and receive by return mail your free $6.46 worth of 
valuable accessories. This is a limited offer so act TODAY! 

106 

2 

EMC model 500 R.F. 
Signal Generator 
Price of this individual unit 
Model 500 (wired aid 

tested) 
Model 500 (in kit form) $19.75 

$29.75 

EMC model 208 
Tube Tester 

Price of this individual unit 
Model 208 (wired and 

tested) $24.90 
Picture tube adapter available 

Write Dept. FE -6 for new complete catalog o' precision test equipment TOCAY! 

NE IMI C ELECTRONIC MEASUREMENTS CORP. 
200 LAFAYETTE STREET, NEW YORK 12 N. Y. 

'Total price if model; 106 and 500 are not 
purchased in kit form- $90.55 

Note these instruments can be purchased 
individually. 
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A NEW dimension 
in listening 
pleasure! 

14 

... for the realism of concert - 
hail performance in your hr'rne 

The "MI *SIC LO \ FRS "Cartridge- 
is a neNv. 3-speed, dual- needle 
ceramic ..trtridge, designed to en- 
hance the quality of all the popular 
high fidelity equipment in use to- 
day. Feeds directly 'into magnetic 
or ceramic inputs, allowing the 
full advantages of compensation 
circuits. 

Eliminates 
induced hum 
Eliminates 
"drag" caused 
by magnetic 
attraction to 
steel turntables 
Increases record 
and needle life 

Has higher 
Output 
Response not 
affected by :load 
resistance 
10- second needle 
replacement 
Individual needle 
compliance 

pal Comparative analysis booklet on 
the "Music Lovers" Cartridge 

SHURE BROTHERS, INC 
225 W. HURON ST. CHICAGO 10, ILLINOIS 

Please send analysis booklet on 
your "AltiSlC LOVERS" cartridge 
NAME 

ADDRESS 

CITY f(J ̀ 'F.....STA TE 
) 

missed these very entertaining short stories. I also 
hope Mr. Frye will keep up the good work. 

Miles G. Newman 
Blairstown, N. J. 

OOPS! 
Noted what I believe is a typographical error 

in the first column of Bill Winter's article on 
R/C Reliability (March issue, page 42) . The arc 
suppressor resistor should be a 10 -ohm 1/2-watt 
unit rather than 1/2-ohm, 10 watts as listed. 

R. K. Doty 
Kansas City, Mo. 

You are right! A typographical error on our 
part! 

REPRINTS AND BACK ISSUES 

Is it possible to get either the February issue 
of POPULAR ELECTRONICS, or a reprint of the ar- 
ticle on the c.w. transmitter? 

Timmy Smith 
Houston, Texas 

We do not have reprints of the article. How- 
ever, back issues of our magazine may be ob- 
tained by sending 25¢ to our Circulation Depart- 
ment at 64 E. Lake St., Chicago 1, Ill. 

INFO NEEDED ON HI -Fl 

I don't care to assemble my own hi -fi system 
and would appreciate the straight dope on what 
set is best to buy. I am new at this line. 

Gordon L. Burmeister 
Montague, Mich. 

Despite your being new in electronics, you can 
easily assemble your own system from among the 
many fine components currently available. Have 
you read such books as John H. Newitt's "High 
Fidelity Techniques" (Rinehart) or Weiler's "High 
Fidelity Simplified" (Rider)? In the coming 
months, POPULAR ELECTRONICS will publish ex- 
haustive material on every aspect of hi -fi, includ- 
ing information on components, systems, and pre- 
packaged sets. As a start, check the story on 
phono pickups in this issue, as well as the items 
describing various new components. 

ALUMINUM PARTS FOR THEREMIN 
I enjoyed immensely your article entitled 

"Electronic Music with the Theremin" in the 
April issue. I would like to know if it would be 
all right to use sheet aluminum 10" by 10" for 
the tone and volume antennas instead of having 
to cut the aluminum into a "T" and "V ". 

Millard Cohen 
Chicago, Ill. 

Perfectly all right. The important thing is to 
have enough aluminum sheet to provide a capaci- 
tive effect with your moving hand. 

R/C KITS 

Your magazine has interested me in radio con- 
trol. Could you give me the names of some of 
the producers of R/C kits, so that I can contact 
them? 

Alan Steinbach 
Minneapolis, Minn. 

Your best guide to these companies are the ad- 
vertisements in POPULAR ELECTRONICS. 30 
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How's your 

BATTING AVERAGE 
with the boss? 

Are you still making a hit? Are you up for the job 

ahead? Here's a sure way to score in any league! 

If your boss is like most, he's casting his critical eye 
on everybody these days. He wants to know how you 
stack up. Are you making good -or marking time? 
When the changes come, will you go up -or out? 

This is no time for casual resolve. What you plan 
to do six months from now may be too late. You've 
got to prove your worth -NOW! 

FOR REAL JOB SECURITY -GET I.C.S. TRAINING 

The quickest, surest way to impress your boss is to 
show him that you're better equipped than the next 
guy. And here's where I. C. S. can go to bat for you! 

I. C. S. training is approved training! Leading 
companies know it -and use it! At your request, 
your boss will get regular reports of your progress 
with I. C. S. More important, he'll notice the imme- 
diate improvement in your work. 

LEARN IN YOUR SPARE TIME -SET YOUR OWN PACE 

I. C. S. instruction is personalized instruction. No 
interference with other activities. No slow classmates 
to hold up your progress. You forge ahead as rapidly 
as your time and ability permit! 

I. C. S. Courses are practical, up -to- the -minute. 
What you learn one night, you apply the next day. 
You get bedrock facts and theories plus everyday 
know -how. Graduates get the famous I. C. S. diploma - recognized everywhere. "I got a break over more 
experienced fellows because of my I. C. S. training," 
says M. A. D., Suncock, N. H. 

QUICK WAY TO TEST YOUR EXECUTIVE ABILITY 

Successful men know how to make decisions. Don't 
put it off! Mail the coupon today! 

3 FREE BOOKS 
Free, illustrated catalog outlining opportunities in the field that interests you. Also 36 -page, pocket -size guide to 
advancement, "Haw to Succeed," a gold mine of helpful tips. Also, free sample lesson (Math). 

For Heal Job Security -Get an I.C.S. Diploma! ... Easy -pay Plan ...I.C.S., Scranton 9, Penna. 

INTERNATIONAL CORRESPONDENCE SCHOOLS ICS 
BOX 85295E, SCRANTON 9, PENNA. 

Without cost or obligation, send me "HOW to SUCCEED" and the 

ARCHITECTURE 
and BUILDING 
CONSTRUCTION 

D Air Conditioning- Retrig. 
D Architecture 
D Architectural Interior 
D Building Contractor 
D Building Maintenance 
D Carpenter and Mill Work 
D Estimating 
D Heating 
D Painting Contractor 
D Plumbing 
D Reading Arch. Blueprints 

ART 
D Cartooning 
D Commercial Art 

Fashion Illustrating CHEMISTRY D Magazine Illustrating 
D Analytical Chemistry D Show Card and Sign Lettering 
D Chemical Engineering D Sketching and Painting D Chem. Lab. Technician 

AUTOMOTIVE D General Chemistry 
D Auto Body Rebuilding D Natural Gas Prod. & Trans. 
D Auto Elec. Technician D Petroleum Engineering 
D Auto -Engine Tune Up D Plastics 
D Automobile D Pulp and Paper Making 

opportunity booklet about the field 

AVIATION 
D Aeronautical Engineering Jr. 
D Aircraft & Engine Mechanic 

BUSINESS 
Advertising 

D Bookkeeping and Accounting 
Business Administration 

D Business Correspondence 
D Public Accounting 
O Creative Salesmanship 
D Federal Tax 
D Letter -writing Improvement 
D Office Management 
D Professional Secretary 
D Retail Business Management 
D Sales Management 
D Stenographic- Secretarüal 
D Traffic Management 

Name 

City 

Occupation 
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CIVIL, STRUCTURAL 
ENGINEERING 

D Civil Engineering 
D Construction Engineering 
D Highway Engineering 
D Reading Struct. Blueprints 
D Sanitary Engineering 
D Structural Engineering 
D Surveying and Mapping 

DRAFTING 
D Aircraft Drafting 
D Architectural Drafting 
D Electrical Drafting 
D Mechanical Drafting 
fD Mine Surveying and Mapping 
D Plumbing Drawing and 

Estimating 
D Structural Drafting 

ELECTRICAL 
D Electrical Engineering 
D Electrical Maintenance 
D Electrician D Contracting 
D Lineman 

HIGH SCHOOL 
D Commercial D Good English 
D High School Subjects 
D Mathematics 

Zone 

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

LEADERSHIP .0 Television Technician 
D Foremanship RAI LROAD 
D Industrial Supervision D Air Brakes D Car Inspector 
D Leadership and Organization D Diesel Locomotive 
D Personnel -Labor Relations D Locomotive Engineer 

MECHANICAL D Section Foreman 
AND SHOP STEAM AND 

D Gas -Electric Welding DI ESEL POWER 
D Heat Treatment O Metallurgy D Combustion Engineering 
D Industrial Engineering D Diesel -Elec. D Diesel Eng's 
D Industrial Instrumentation D Electric Light and Power 
D Industrial Supervision D Stationary Fireman 
D Internal Combustion Engines' D Stationary Steam Engineering 
D Machine Design- Drafting TEXTt L E 
D Machine Shop Inspection D Carding and Spinning 
D Machine Shop Practice D Cotton, Rayon, Woolen Mfg. 
D Mechanical Engineering D Finishing and Dyeing 
D Quality Control D Loom Fixï g D Textile Des'ing 
D Reading Shop Blueprints D Textile Eng'r'g D Throwing 
D Refrigeration D Warping and Weaving 
D Sheet Metal Worker MISCELLANEOUS 
D Tool Design D Toolmaking D Domestic Refrigeration 

RADIO, TELEVISION D Marine Engineering 
D Industrial Electronics D Ocean Navigation 
D Practical Radio TV Eng'r'ng D Professional Engineering 
D Radio and TV Scrvicing D Short Story Writing 
D Radio Operating D Telephony 

Age Home Address 

State Working Hours A M to P M 

Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd., 
Montreal, Canada.... Special tuition rates to members of the U. S. Armed Forces. 
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Get these cabinets FREE with 
basic order of ceramic capacitors 

NOW 
eur 

SPRAGUE 

CERAMIKITS 

NOW ... your own neat and complete cabinet of the 
ceramic capacitors you use most at the cost of the capaci- 
tors alone! Sprague has pre -stocked handsome, blue. 
heavy -gauge steel CE1 kMIKIT cabinets with its famous 
Cera -Mite capacitors. Ratings and quantities are based 
on popularity ... the frequency with which you are likely 
to run into them on a job or project. 

Stand -up indexes separate the reusable plastic boxes 
of capacitors. Catalog numbers and ratings can be seen 
at a glance. Kits interlock so you can build with Sprague 
as you buy Ceramikits, using the extra cabinets for 
handy indexed stocking of all your small parts. 

Whether you use many ceramics or just a few, there's 
a Ceramikit sized and priced just right for you. Kit CK -2 
is a two- drawer model holding 150 different capacitors 
in 27 different ratings. Kit CK -3 is a single -drawer unit 
holding 75 capacitors in 12 different ratings. 

See Ceramikits at your nearest electronic parts jobber 
NOW ... or get complete information in Sheet M -711 
from the Sprague Products Company, 395 Marshall 
Street, North Adams, Massachusetts. 

Sprague Products Co. is Me Distributori Division of tee Sprague shark Co. 

don't be vogue.. insist on 

CERAMIKIT CK -3 
CONTENTS 

311 "x 911 "x 2" 
$19.25 List 

Onan. Cal. No. Ouen. Cal. No 

S SOA.01 S SGA Te7 
5 SOA-022 S SGA -T5 
5 SGA-03 10 SGADI 

10 50A-T1 5 SOA D7 
S SGA-715 S SNE -OS 
S SGA-122 10 SNE -S1 

CERAMIKIT CK -2 
CONTENTS 

311 "x91 /enx4" 
$38.00 List 

Owen. Cal. No. Ozean. Cat. No. 

SCANS 
SOA.01 
SGA.013 
SOA-022 
SGA-033 
SGA.039 
50A-07 
SGA-OS 
SGA-065 
3GA-062 
SOA-TI 
SGA-T12 
56A.T13 
3GA-T22 1 

50A -127 
30A -133 
30A -139 
50A -T47 
SGA -TS 
50A -Tes 
SGA -D I 

SGA .D15 
SGA D7 
SGA -D33 
SOA -D 
SHE -DS 
SNE -SI 

YOU CAN BUILD 
WITH SPRAGUE 
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ILENT OUfl 
By LOUIS E. GARNER, Jr. 

Powerful sound waves radiated by mechanical transducers 
find a multitude of valuable applications in industry. 

ULTRASONIC INSTRUMENTS, industry's new - 
est tools, are used for such varied 

tasks as measuring the wall thickness of 
metal tanks, checking forging ingots for 
flaws, locating defects in railroad tracks, 
soldering aluminum and other hard -to- solder 
metals without fluxes, protecting plants and 
offices against intruders, and for machin- 
ing metals and other hard materials. Ultra- 
sonic cleaning machines are used for every- 
thing from tiny laboratory instruments to 
aircraft parts, from gears to delicate op- 
tical lenses. 

Ultrasonic refers to those sound frequen- 
cies above approximately fifteen thousand 
cps. The upper limit is very high -into the 
megacycles (millions of cycles per second). 
Since ultrasonic signals are not audible, 
they are frequently called "silent sound." 

A transducer is a device for changing 
energy from one form to another. Ear- 
phones and loudspeakers are transducers, 
for they serve to change electrical energy 
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into acoustic energy. Transducers are the 
important links between the electronic cir- 
cuits which produce, amplify, and measure 
ultrasonic signals and the materials which 
are being processed or tested by the ultra- 
sonic instruments. 

Industrial ultrasonic transducers are 
generally made up either of piezoelectric 
materials or magnetostrictive elements. A 
piezoelectric material is a substance whose 
physical dimensiops change when a volt- 
age is applied to it, producing a mechani- 
cal force. The converse is also true in 
most cases -when mechanical force is 
applied to the material, an electrical volt- 
age may be generated. The mechanical 
force may be pressure or a twisting or 
bending action. Typical piezoelectric ma- 
terials are quartz crystals, Rochelle salts, 
barium titanate, and certain other ceram- 
ics. Crystal and ceramic microphones and 
phonograph cartridges are everyday exam- 
ples of piezoelectric transducers. 
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ULTRASONIC 

FREQUENCY 

GENERATOR 

ELECTRODES 

(A) 

PIEZO- 
ELECTRIC 

ULTRASONIC 

FREQUENCY 

GENERATOR 

(B) 

CORE 

COIL 

Fig. 1. Two basic transducer designs are shown 
above. Drawing (A) has a crystal element and 
drawing (B) a magnetostrictive core. Actual 
element movement in both cases is extremely 
small. Fig. 2. (below) shows a simplified block 
diagram of industrial ultrasonic equipment. 

INDICATING 
DEVICE 

(MEASURING 
INSTRUMENTS) 

ELECTRONIC 
CIRCUITS 
OSCILLATOR, --- AMPLIFIERS, 

CONTROLS. ETC. 

POWER SUPPLY 

TRANSDUCERS 

A magnetostrictive element is a core of 
magnetic material surrounded by an ener- 
gizing coil. When a piece of material is 
magnetized, the individual molecules of the 
substance "line up" in order. This results in 
a minute change in the material's length. 
When ultrasonic electrical energy is sup- 
plied to the coil, the core is first magnetized 
in one direction, demagnetized, then mag- 
netized in the opposite direction. Since the 
core length changes with each magnetiza- 
tion, the result is a change from electrical 
energy (in the energizing coil) to mechan- 
ical movement (lengthening and shortening 
core). Nickel and its alloys are frequent- 
ly used as cores for magnetostrictive ele- 
ments. 

A simplified black diagram for industrial 

.7411.1I t^ I :1 

ultrasonic equipment is given in Fig. 2. With 
modifications, this diagram applies to al- 
most all of the ultrasonic instruments in 
current use. The "heart and brains" of 
the equipment are the electronic circuits 
which generate and control the high fre- 
quency electrical signals. In the case of 
measuring instruments, there may be cir- 
cuits producing, detecting, and amplifying 
ultrasonic signals. There will be one or 
more transducers to convert the high fre- 
quency electrical energy into ultrasonic 
vibrations in the material being tested or 
processed. Where measurements are in- 
volved, there will be an indicating device. 

Cleaning Parts: One example of the ca- 
pabilities of ultrasonic instruments is given 
by the sample plates in Fig. 3. Both of 
these deeply serrated metal plates were 
soiled with a black grease pencil. The clean 
one was given a 2- second rinse in a solvent 
activated by ultrasonic vibration; the other 
was given a rinse two and half times as 
long in the same solvent, but without ac- 
tivation. It required 10 minutes for com- 
plete cleaning without ultrasonics -300 
times as long as with activation. In some 
cases, the transducer may be shaped to 
focus or to concentrate the ultrasonic 
vibrations. The frequencies used for ultra- 
sonic cleaning range from as low as 15 kc. 
to 1 mc. and higher. 

The efficiency of an ultrasonic cleaner 
results from two actions : the vibratory 
motion given to the liquid cleaner by the 
ultrasonic energy; and the action called 
cavitation, a "cold- boil" which results when 
the vibrating liquid is torn into small 
vacuum pockets. As these pockets form 
and collapse, they create strong localized 
pressures, bombarding the parts being 

Fig. 3. These plates illustrate the efficiency of ultrasonic cleaning. 
Both were soiled with a black grease pencil. The clean plate was 
cleaned in two seconds using a solvent activated by ultrasonics. 
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This pl-.oto shows the violent agitation of a liquid excited by 

the curved ultrasonic transducer immersed in the solution. 

cleaned from every direction, and blasting 
off dirt and other foreign matter. 

Thickness Measurement: To measure the 
thickness of the metal in a large tank, or 
in a ship's hull, where only one side can 
be reached, is not impossible with an ultra- 
sonic thickness gauge. 

Several methods may be used but port- 
able instruments frequently employ the 
principle of resonance. A transducer, driven 
by an electronic oscillator, is placed in 
contact with one side of the material to 
be tested. The ultrasonic wave travels 
through the material in a narrow beam 
and is reflected by the opposite surface. At 
certain frequencies the transmitted wave 
and the reflected wave will reinforce each 
other, resulting in an increase in the in- 
tensity of the wave in the material. The 
frequencies at which the reinforcement oc- 
curs depend on the thickness of the ma- 
terial and the velocity of sound through it. 
Since the velocity of sound is constant for 
a particular material, the determination of 
the fundamental frequency of resonance 
(where reinforcement occurs) is a reliable 
measure of the thickness of the material. 

inspection and Test: The "echo" prin- 
ciple is used in industrial test instruments 
wit h ultrasonic vibrations taking the place 
of radio or audible sound waves. The reflec- 
toscope may be used for checking large 
metal billets for defects, locating flaws in 
castings and fot ings, checking parts for 
interior defects, evaluating welds, and 

June, 1955 

TO 
INSTRUMENT 

11, 
; 

TRANSDUCER 

CATHODE RAY TUBE SCREEN 

PIPS 

zn --:f S 

PERT 5Ií3 TESTED 

Fig. 4. Pulses of ultrasonic energy are re- 
flected by flaws and displayed on a cathode- 
ray tube. Fig. 5. (below) Illustration of a 
method for exam'.ning odd -shaped metallic 
pieces for flaws using ultrasonic waves. 

-rtouio= 
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checking the physical dimensions of metal 
parts where only one end or side may be reached. 

In operation, a transducer is placed 
against one end of the piece to be tested 
and "beams" pulses of ultrasonic energy through the material (see Fig. 4). These 
pulses travel to the end of the piece and are reflected back to the transducer, where they are detected. If there are cracks or holes in the piece, these flaws also cause 
reflectiorìs. The transmitted signal and all of the reflected pulses are displayed 
as "pips ". on the screen of a cathode - ray tube. The relative distance between 
t he first pip and succeeding pips on the tube's screen is proportional to the dis- tance between the point where the trans- 
ducer is placed and the distance to the 
(laws or to the end of the piece. Thus, the instrument shows both defects and their 
approximate location. If the piece has an irregular shape, it may be immersed in liquid for testing, as shown in Fig. 5. The 

A General Electric ultrasonic generator is 
shown being used at the Holley Carburetor 
Co, to clean a iet anninn 61.1 

Using a portable ultra. 
sonic flaw detector to 
check a railroad track 
rail for defects or cracks. 
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Fig. 6. This sketch illustrates the operation of the ultrasonic alarm system. 

liquid transmits the ultrasonic vibrations 
from the transducer to the piece. 

Ultrasonic Soldering: Soldering alumi- 
num is difficult because oxide films form 
so rapidly. Success depends on clean metal 
surfaces and strong flux. After the solder- 
ing is completed, every trace of flux must 
be removed to prevent corrosion. Ultra- 
sonic soldering instruments, however, have 
simplified this job. A magnetostrictive 
transducer, operating at about 20 kc., 
vibrates the metal and literally rips up 
oxide films, allowing the solder to form 
a strong union with the heated metal. 

Plant Protection: Most modern indus- 
trial plants are fairly well protkcted, either 
by full time guard staffs or by various elec- 
tronic burglar alarms, including "electric 
eye" systems, electronic fences, closed cir- 
cuit television observation stations, and 

A small hand tool is used to make a soldered 
fillet in a grounded aluminum chassis. 
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similar protective devices. But only ultra- 
sonics can guard against the intruder who 
hides inside during working hours and 
works by night. 

The operation of an ultrasonic alarm 
system is illustrated in Fig. 6. High fre- 
quency sound waves are "broadcast" by 
the transmitting transducer, just above 
the door. These ultrasonic signals bounce 
off the floor, ceiling, walls and furniture, 
literally filling tl?e room with silent sound. 
The signals are picked up by the receiving 
transducer. As long as the transmitted 
and received signals are the same frequen- 
cy, the room is secure and protected. But 
if anything should move within the room, 
the frequency of the signal picked up by 
the receiving transducer changes slightly. 
Electronic circuits are constantly compar- 
ing the frequencies of the transmitted and 
received signals, and when the small fre- 
quency change occurs, an alarm is sounded. 

Truly, the surface has barely been 
scratched as far as potential applications 
of ultrasonic equipment are concerned. We 
may expect to see it used in every branch 
of industry, in the home, in business, and 
in medicine. Ultrasonic drills have been 
used in dentistry (see "Dentistry -the 
Painless Way," POPULAR ELECTRONICS, No- 
vember, 1954.) Ultrasonic vibrations have 
been used to accelerate the pollination of 
plants. Laundry work has been done with 
ultrasonics. In the future, "smog" may 
become a thing of the past as ultrasonics is 
used to coagulate and precipitate stoke and 
dust. 

Future applications will be covered in 
other issues of POPULAR ELECTRONICS. -j- 
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A MINIATURE ELECTRONIC "BRAIN" that can 
operate flawlessly in planes flying at su- 
personic speed has been developed for the 
U. S. Air Force by Bell Telephone Labora- 
tories. 

The "brain" is a digital computer which 
eliminates vacuum tube failure and heat, 
jet aircraft's greatest electronic problems, 
by the use of transistors instead of vacuum 
tubes. It contains nearly 800 of these tiny, 
solid devices and is believed to be the first 
all- transistor computer designed for air- 
craft. Transistors, developed at Bell Lab- 
oratories, are completely cold, highly effi- 
cient amplifying devices which use very 
little power. 

Known as "TRADIC" (TRansistor -DIgi- 
tal- Computer), the new computer requires 
less than 100 watts to operate. This is one - 
twentieth of the power needed by com- 
parable vacuum -tube computers. Early 
computers used as many as 18,000 vacuum 
tubes and frequently required thousands of 
watts to operate. 

The new electronic "brain" contains, in 
addition to transistors, nearly 11,000 ger- 
manium diodes, These serve as the elec- 
22 

tronic equivalent of tiny one -way switches. 
Solid, like transistors, they are capable of operating thousands of times faster than 
their mechanical counterparts. 

When design work has been completed, 
the computer will probably occupy less 
than three cubic feet of the critical space 
in modern military aircraft. 

TRADIC can do sixty thousand additions 
or subtractions, or three thousand multi- 
plications or divisions a second. A typical 
problem fed into the machine requires it to 
go through about 250 different steps of 
computation. It can run through an entire 
problem of that complexity and provide 
an answer in about 15 thousandths of a 
second -much less time than it takes to 
say "TRADIC." The computer can handle, 
simultaneously, as many as thirteen 16- 
digit numbers. 

Mathematical instructions are placed into 
TRADIC by means of a "plug -in" unit re- 
sembling a small breadboard. Plug -in units 
are set up beforehand with interconnecting 
wires to represent problems at hand. Num- 
bers to be processed are put into the ma- 
chine by means of simple switches. 

The laboratory model of TRADIC pro- 
vides answers to trigonometric problems 
with a series of "dots" on an oscilloscope. 
These dots of light move so rapidly that 
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THE "SUPER COMPUTER" 

Less power is needed to operate TRADIC 
than is required to light a 100 -watt bulb. 

they actually appear to draw geometric 
diagrams on the scope. 

To handle the successive steps of com- 
plex computation, a machine, like a human, 
must have a means of storing information 
until it is needed. When a man works on 
an involved mathematical problem, he 
usually jots down on paper the answer to 
each section as it is solved, then refers 
back to this frequently as he proceeds. 
TRADIC, however, automatically transfers 
each sub -answer to built -in "memory" 
packages while continuing to tackle the 
remaining sections. 

There are two main types of computers, 
digital and analog. A digital computer, like 
the mileage indicator of a car, is a "count- 
ing" machine which clocks off one number 
after another. Each digit shifts when the 
number to the right of it passes nine. Dig- 
ital computers can actually perform only 
additions or subtractions but they are able 
to multiply or divide by successive addi- 
tions or subtractions. 

An analog computer m_ght be likened to 
an automobile speedometer which repre- 
sents speed in terms of the angle of a 
pointer on the dial. An analog computer 
gives results in terms of voltages, resist- 
ances or rotations. It is designed for a 
specific task and cannot be easily adapted 
for another problem. 

TRADIC, funäamentally a digital com- 
puter, has the advantage of being able to 
operate on analog data. 30 
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Answers to trigonometric problems are fur - 
nished by series of dots on ascilloscope. 
Dotes move so fast they seem to form lines. 

Transistor is inserted into one of TRADIC's 
"memory" packages. These units store in- 
formation until entire problem is solved. 
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Commander C. M Caldwell, Deputy Director of Electronic Design for 
the U. S. Navy's Bureau of Ships (left) and Robert Dressler, Direc- 
tor of Research and Development for Chromatic Television Labora- 
tories, Inc., examine screen of first multicolor radar indicator. 

Special color TV tube is used in solving important 
National Defense problem by Navy Bureau of Ships. 

MULTICOLOR RADAR, a new data presenta- 
tion development which has widespread 
naval, military and commercial applica- 
tions, was demonstrated recently by 
Chromatic Television Laboratories, Inc., an 
affiliate of Paramount Pictures Corpora- 
tion. The demonstration marked the first 
time it has been possible for different types 
of radar information- namely, stationary 
and moving, or friendly and enemy -to be 
simultaneously displayed in more than one 
color on a single radar indicator. 

Heart' of the new color radar device is a 
single electron -gun color cathode ray pic- 
ture tube, known as the Chromatron or 
Lawrence tube. The tube, although rede- 
signed for radar, is virtually the same as 
24 

the low cost picture tube which Chromatic 
has developed for commercial color tele- 
vision. This tube is based on the inventions 
of Dr. Ernest O. Lawrence, Nobel Prize 
physicist (1939), and others. Dr. Lawrence 
is Director of the University of California's 
Radiation Laboratory and a consultant to 
Chromatic. According to Dr. Lawrence, 
the new device promises to be "an impor- 
tant advantage in military tactical opera- 
tions and a tremendous safety aid." 

The harassed radar operator previously 
has had only a single color for the inter- 
pretation of all data cluttering his screen. 
Now, with the help of more than one 
color appearing simultaneously on the 
same radar screen, he can distinguish be- 
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Dots represent moving aircraft. 
Straight lines show prohibited areas 
or flight paths. Concentric circles are 
distances from radar to obiects displayed. 
Color distinguishes the important information. 
This presentation is °ailed "Plan Position Indicator." 

tween incoming signals faster -with great- 
er facility -and for a longer period of time. 
This is a distinct advantage to the radar 
operator because it reduces fatigue, an es- 
sential safety factor in both military and 
commercial operations. 

The tactical applications of color radar 
are under further development by several 
branches of the armed forces. 

Dr. Lawrence, inventor of the cyclotron 
or "atom smasher" and an important figure 
in the nation's atomic program, has had 
a continuing interest in developments of 
importance to the defense program. He 
was a member of the original committee 
set up during World War II to carry on 
radar research. 

Dr. Luis W. Alvarez, another Chromatic 
consultant who had served on the wartime 
radar committee, also helped in the de- 
velopment of multicolor radar. Dr. Al- 
varez is the inventor and developer of 
Ground Control Approach, a blind aircraft 
radar landing system, for which he was 
awarded one of the nation's highest avia- 
tion awards in 1945 -the Collier Trophy 
of the National Aeronautical Association. 

Dr. Alvarez also developed the basic de- 
sign for a long range search radar and 
an ultra -high resolution airborne bombing 
radar, and was in charge of aircraft ob- 
servation and instrument planes for the 
atomic bomb blasts at Alamogordo, N. M., 
Hiroshima and Nagasaki. 30 

Major components of new multicolor radar system are shown in photo below. Block 

diagram at left is for reference only: (A) color display power supply, (B) tube housing 
and multiplex circuits, (C), (E) and (F) simulation equipment used in laboratory tests, 
not during demonstration, (D) standard Navy radar indicator, (G) standard Navy radar 
indicator power supply. A and G could be integrated as one unit, as could B and D. 
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In the first part of this two -part story, the Editors 

of POPULAR ELECTRONICS report on modern advances in 

the scientific use of induction heaters by industry. 

heat without flame 
WIRE 
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MAGNETIC FIELD 
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(b) 

SOFT IRON BAR 
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MAGNETIC 
LINES OF FORCE 

(c) 
Current following through a conductor sets up 
magnetic field (a) which may be concentrated 
by bending the conductor to form a loop (b), 
or by providing a core of magnetic material (c). 

WITHOUT HEAT, man never could have 
smelted metals and built the great civ- 
ilization of today on its foundation of 
steel, copper, tin, and other metals. For 
many, many centuries, heat was intimately 
associated with fire, but in comparatively 
modern times, the development and use of 
electrical power has led to heat without 
fire. 

When an electric voltage is applied to a 
conductor, the conductor offers a resistance 
to the flow of current and the current, in 
overcoming this resistance, produces heat. 
The amount of heat produced depends on 
both the resistance of the material and the 
amount of current. 

However, even with the development of 
electric heaters, heat had to be produced 
before it could be applied. But today in 
factories and plants all over the world heat 
is being used without initial generation. In- 
stead, the heat is generated within the ma- 
terial being processed. Two kinds of heat- 
ers are in use: induction heaters, used with 
conductors such as iron and steel; and di- 
electric heaters, used with insulators, such 
as wood and plastics. Induction heaters will 
be discussed now. In a subsequent issue of 
POPULAR ELECTRONICS dielectric heaters will 
be covered. 

Principles of Induction Heating 

When electric current flows through a 
conductor, heat is produced. In addition, a 
magnetic field is set up around the con- 
ductor. This magnetic field may be concen- 
trated by bending the conductor in loops to 
form a coil and by providing a core of mag- 
netic material. The intensity of the mag- 
netic field depends on three factors: the 
amount of current in the conductor; the 
number of turns in the coil; and the type 
of core material used. 

If an alternating current flows through 
the conductor, a changing magnetic field 
will be produced which will build up to 
maximum intensity, collapse, and build up 
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LAMINATED CORE MAGNETIC 
OF SOFT IRON LINES OF FORCE 

SECONDARY PRIMARY 

A magnetic field will couple the primary 
and secondary windings in a transformer. 

to maximum intensity again, but with re- 
versed polarity. If this varying magnetic 
field is brought near a second conductor, a 
current will be induced in the second con- 
ductor. This principle is used in transform- 
ers. Two or more coils are placed fairly 
close together. An alternating current is 
passed through the first conductor, or pri- 
mary winding, and this current produces a 
magnetic field which induces currents in 
the secondary windings. 

When the primary coil surrounds a rela- 
tively solid conducting mass, the induced 
currents are not channeled as in a trans- 
former, but flow like eddies in many direc- 
tions. Since the solid mass acts like a short 
circuit, these eddy currents may be large, 
causing considerable heat to be generated 
within the mass. It is on this "transformer" 
action that induction heating is based. 

Where the core is a magnetic material, 
such as iron or steel, it is rapidly mag- 
netized, demagnetized, and remagnetized in 
the opposite direction. The individual mole- 
cules change position with each magnetiza- 
tion change, resulting in considerable 
molecular "friction" and producing addi- 
tional heat. The molecular "friction" which 
keeps the molecules of the material from 
changing position easily is known as hys- 
teresis. 

In a conventional transformer, the heat 
produced by eddy currents and hysteresis 
represents a power loss. Although induc- 
tion heating equipment is designed to pro- 
duce such heat in the material being proc- 
essed, iron core power transformers are de- 
signed to keep such heating to a minimum. 
To accomplish this, the cores of such trans- 
formers are made of thin laminations of 
steel rather than a solid piece. The thin 
laminations have a comparatively high re- 
sistance, keeping eddy current losses at a 
minimum. 

As the frequency of the alternating cur- 
rent is increased, the induced currents tend 
to flow nearer the surface of the conduc- 
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The effect of the electromagnetic field pro- 
duced by loading the coil is shown above. 

tor. At fairly high frequencies, the induced 
currents may be concentrated in a very thin 
"skin" right at the surface. This is known 
as skin effect. Since heating depends to a 
large extent on these induced currents, in- 
duction heating is especially valuable in 
heating only the surface of a piece of work, 
such as a bearing or a gear face. 

Types of Induction Heaters 

Commercial induction heaters consist of 
two major components: the alternating cur- 
rent power source or "generator" and the 
work coil which is coupled to the load and 
serves to change the alternating current to 
a varying magnetic field. The frequencies 
used for induction heating range from 25 
cycles per second to several megacycles. 
Where commercial line frequencies (25 -60 
cps) are involved, electrical energy may be 
obtained directly from the power lines. But 
where higher frequencies are required, 
there are three basic types of "generators" 
widely used by modern industry: the mo- 
tor- generator set; the spark -gap oscillator; 
and the vacuum -tube oscillator. 

The Motor -Generator Set: A motor -gen- 
erator set is an electric motor driving a 
high frequency generator. 

Due to practical limitations on generator 
size and speed, output frequencies of 1000, 
3000, and 10,000 cps are the most popular 
and the majority of commercial induction 
heater motor -generators are designed to 
supply power at one of these frequencies. 
Power output for a single unit may range 
from less than 10 kw. to more than 1200 
kw. Where higher powers are required, a 
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"bank" of individual units may be used. 
Most commercial units have efficiencies run- 
ning from 60 to 90 per -cent. Motor -gen- 
erator sets are used where large amounts 
of relatively low frequency power are re- 
quired for such applications as forging, 
melting, and deep hardening. 

The Spark -Gap Oscillator: The first high 
frequency generators used for induction 
heating were spark -gap oscillators. Dr. 
Edwin F. Northrup, one of the pioneers in 
the induction heating field, did most of his 
work in the early 1900's, when spark -gap 
oscillators were widely used for "wireless" 
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Epimetheus and Prometheus were assigned 
the task of providing man and animals with 
faculties necessary for their preservation. 
Epimetheus was to do the actual fitting, 
with Prometheus supervising. Claws were 
bestowed to one animal, protective armor 
to another, and wings, fangs, and special 
coloring to others. But when Epimetheus 
came to man, he had exhausted his store of 
gifts and his orders had been to make man 
superior to all creatures. When Prometheus 
learned of this, he went to heaven to light 
his torch at the chariot of the sun and he 
brought fire to mankind. Zeus was enraged 
for man was now able to do things which 
had only been done by gods. And Prome- 
theus was bound to a rocky cliff for all 
eternity because he dared to bring the power 
of fire to man. -Greek Mythology 
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This Tocco heating 
station with inductor 
and fixture is used for 
brazing hydraulic 
cylinders and cylin- 
der cap assemblies. 

communications. Although vacuum tube 
oscillators have replaced spark -gap units in 
the communications field, spark -gap oscil- 
lators are still extensively used by industry. 

In a spark -gap oscillator an inductance 
coil is connected in series with a spark -gap 
and both are connected across a large ca- 
pacitor. A high a.c. voltage is applied to 
the capacitor. Normally, the spark -gap is 
non -conducting and acts as an open circuit. 
The voltage charge of the capacitor builds 
up to near its peak value, at which point 
the gap breaks down and effectively closes 
the connection between coil and capacitor, 
forming an oscillatory tuned circuit. Very 
heavy currents surge back and forth be- 
tween the coil and capacitor, as the capac- 
itor is alternately charged and discharged, 
at a frequency determined by the induc- 
tance and capacity values of the compo- 
nents. With such current surge, the ampli- 
tude drops slightly, as energy is dissipated 
in the circuit and in the load, until there is 
no longer sufficient energy to maintain the 
spark. At this point the spark dies out and 
the gap again acts like an open circuit. The 
output of a spark -gap oscillator is thus a 
series of high frequency pulses. 

Spark -gap oscillators are generally de- 
signed to operate in the frequency range of 
from 20 to 500 kc. - Most manufacturers 
rate them by power input rather than by 
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power output. Standard spark -gap oscil- 
lators are made with power ratings up to 
about 40 kw., and down to about 2 kw. 
With a wide frequency range and low to 
moderate output powers, spark -gap oscil- 
lators are well suited to such applications 
as melting and forging small to moderate 
sized pieces. 

The Vacuum -Tube Oscillator: Except for 
the power ratings, the oscillator circuits 
are similar to the circuits used in radio 
transmitters. But there is a difference be- 
tween a high -power induction heater and a 
high -power radio transmitter. Broadcast 
transmitters generally employ a low to 
moderate power oscillator, followed by sev- 
eral stages of amplification. Induction heat- 
ers, or the other hand, use high power 
oscillators directly. 

The plate (output) and grid (input) cir- 
cuits of a vacuum -tube amplifier are 
coupled so that part of the output energy 
is fed back to the input to overcome cir- 
cuit losses and to start and sustain oscilla- 
tion. A tuned circuit is incorporated in 
either the plate or grid circuits (or both) 
to establish the operating frequency. The 
operation of a vacuum -tube oscillator is 
similar to that of a spark -gap unit, but 
with a vacuum tube replacing the spark - 
gap as a source of power pulses. However, 
the high frequency output is obtained as a 
continuous wave rather than as a series of 
pulses with a comparatively low repetition 
rate. 

Feed rolls push barstock through a set of 
Tocco induction coils which heat the stock 
to a temperature of about 2350 degrees F. 

Vacuum -tube power oscillators are used 
at frequencies of from 150 kc. to one mc. 
and higher. Commercial units are available 
with power ratings from a few hundred 
watts to hundreds of kilowatts. 

Induction Heater Applications 
Induction heaters are used in the metal 

working industries and for soldering the 
seals of canned foods, hardening machine 
parts, annealing sheet metal products, 
brazing fittings, and melting small lots of 
metals in laboratories developing new al- 
loys. In many cases induction heaters are 
used to supplement other heating tech- 
niques or to do a job faster and more effi- 
ciently than older methods. However, induc- 
tion heating is frequently used in applica- 
tions where no other heating method has 
been completely satisfactory. 

One example of this type of application 
is in vacuum heating and melting, where 
metals are processed in a vacuum. Another 
example is in the vacuum -tube manufac- 
turing industry. During the evacuation 
process, the metal elements of vacuum 
tubes must be heated to high temperatures 
to drive out gases which might later shorten 
the service life of the completed tube. Since 
the tube electrodes are surrounded by a 
glass envelope, a direct method of heating 
is not practical, but induction heating may 
be used when the coil is placed around the 
outside of the tube's envelope. 

(Continued on page 128) 

This huge Ajax- Northrup heater coil is used 
for the hot pressing of carbide steels. Port- 
able units are also available for this purpose. 
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GENIAC 
Interesting kit builds circuits that 

solve problems and play games. 

Cynthia Scott (Mrs.) and Marlene Saunders (Mrs.)-"two jealous wives" -eye each other with 
suspicion while awaiting Geniac signal. Circuit warns wife if husband has been unfaithful. 

"ELECTRIC BRAINS" THAT WORK in much 
the same manner as giant computers can 
now be built quickly and cheaply by the 
novice using the new Geniac Construction 
Kit. 

One of the most remarkable kits ever in- 
troduced to the public, the Geniac kit pro- 
vides material and instructions for building 
33 separate circuits for operating as many 
"brain machines." Among the devices that 
may be built are logic machines for com- 
paring awl reasoning; cryptographic ma- 
chines for coding and decoding; games such 
as tic -tac -toe and nim; arithmetic ma- 
chines for both decimal and binary com- 
putations; puzzles such as "the space ship 
airlock," "the fox, hen, corn, and hired 
man;" and miscellaneous devices such as a 
burglar alarm, an automatic oil furnace 
circuit, etc. 

In addition to a complete assortment of 
all necessary parts is a carefully prepared 
instruction manual which explains in detail 
how to wire each circuit. The 63 -page 
manual also furnishes basic information on 
the application of symbolic logic to circuits, 
which is the basis of the Geniac kit. 

The kit is completely safe for anyone to 
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use. No soldering is required, and every 
circuit operates on one common flashlight 
battery. 

By the use of ingeniously designed parts, 
such as a new type multiple switch and 
special circuit jumpers, the kit provides 
circuits that "act out" or "prove" the truth 
of verbal statements about certain situa- 
tions. One of the most popular of these 
circuits is the machine for the two jealous 
wives, illustrated here. In this problem, a 
"brain machine" must be devised that will 
inform either or both wives of unfaithful- 
ness on the part of their husbands. 

Mathematical basis for the Geniac cir- 
cuits is the application of "Boolean alge- 
bra" to circuit design. George Boole, a 
nineteenth century British mathematician, 
evolved a system of logic in which symbols 
represent specific possibilities of things 
happening one way or another, such as A 
and B, or, A or B, etc. Certain types of in- 
formation, when stated verbally, can be 
analyzed and reduced to simple statements. 
These statements, or "elements," are, in 
turn, expressed in symbols. The symbolic 
statement or "formula" then represents 
the verbal statement. From the symbols, 
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it can be determined what circuit compo- 
nents are needed and how, to a large ex- 
tent, they must be arranged in order to 
provide a circuit that "acts out" the origi- 
nal statement. The gigantic computers 
that solve complex problems in the twin- 
kling of an eye are based, in part, on these 
principles. 

A good illustration of how this system 
works is the problem of the hall light, one 
of the circuits included in the kit. The 
problem, stated in normal language, is 
this : a man wants to turn off or turn on 
a hall light either from downstairs or from 
upstairs. A circuit must be devised so that 
if either switch is turned the light will go 
off if it was on, and will go on if it was off. 

This is a practical problem and involves 
a kind of wiring that may be familiar to 
many readers. It implies a switching ar- 
rangement in which either of two switches 
may be "off" or "on" in any position, de- 
pending on the relative position of the 
other switch. 

The circuit solution to this problem 
evolves logically from stating the problem 

in Boolean symbols. U represents the up- 
stairs switch in one position, and D repre- 
sents the downstairs switch in the same 
relative position. U -D represents the two 
switches in series and in positions that per- 
mit the flow of current to light the bulb. 
U' and D' represent both switches in their 
respective opposite positions. Thus, U' -D' 
also represents a flow of current. U' -D 
and U -D' both represent the switches in 
such relative positions as to break the cir- 
cuit and permit no current to light the 
bulb. 

Stating this in Boolean symbols: U -D v 
U' -D'. The "v" stands for an expression 
similar to "and /or" and implies a state of 
parallelism between the two expressions it 
connects. Thus, the formula tells us that 
two series switches are needed in parallel 
with each other. Since each switch must 
perform one of two possible functions (the 
"either -or" element), each switch must be 
a double -throw switch. The diagram and 
schematic shown here illustrate this rea- 
soning process. 

In every application of Boolean logic to 

Oliver Garfield, president 
of the Toy Development Company. 
Inc., which developed Geniac, ex- 

plains its workings to Tim Scully, 9, 
who assembled a circuit 

unaided, following kit 
instructions. 
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THEREFORE, U-D HAS 

SAME RESULTS AS U' D' 

U-D y U'D' 

7f1i I 17.7i >711mlititilltlirtio `eMr-!M: .14T1, 
.. 

u~ 

UPSTAIRS SWITCH 
MUST TURN LIGHT 

"ON" OR "OFF" 
U AND U' 

POSITION OF U, 

IN SERIES WITH 
POSITION OF D, 

MUST TURN LIGHT "ON" 

DOWNSTAIRS SWITCH 
MUST TURN LIGHT 

"ON" OR 'OFF' 
0 AND D' 

POSITION OF U', 
IN SERIES WITH 
POSITION OF D' , 

MUST TURN LIGHT °ON" 

e 

U AND U' INDICATE A SINGLE-POLE, 
DOUBLE- THROW SWITCH. 

D AND D' INDICATE A SINGLE -POLE, 
DOUBLE -THROW SWITCH. 

U D INDICATES POSITIONS 
U AND D ARE IN SERIES. 

U'D' INDICATES POSITIONS 

Ú ANO D' ARE IN SERIES. 

N INDICATES THE SETS OF UD 
AND U'D' ARE IN PARALLEL 
IN THE FINAL CIRCUIT. 

O 

This diagram shows how Geniac solves "the 
problem of the hall light." Verbal state- 
ments are broken down into algebraic sym- 
bols which, in turn, indicate the number 
and type of circuit components required. 

The Geniac circuit shown below represents a 
robot watchman. It warns the farmer when 
his corn is in danger of being eaten by the 
hen. It also warns him when the hen is in 
danger of being devoured by a fox. Circuit 
takes into account the possibility that the 
hired man may not be present at all times 
to prevent trouble. This ingenious circuit 
also informs the farmer when all is safe. 

H 

BARN I 

POSITION 
ON LEFT 

F2 

2 

SAFETY 
LIGHT 

DANGER 
LIGHT 

BARN 2 
POSITION 
ON RIGHT 

M. THE HIRED MAN H. THE HEN F. THE FON C. THE CORN 
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a verbal statement, the circuit must prove 
the truth of the statement. In this case, 
the final circuit fulfills the requirements of 
the man with the upstairs and downstairs 
halls. In other circuits which can be built 
with the kit, a similar proof is achieved. 

For instance, the kit may be used to con- 
struct an electronic version of tic -tac -toe. 
Now, anyone who has played this ganze 
knows that if you make the first move, re- 
gardless of what your opponent does, you 
must either win or draw, provided you 
make the best possible move following 
each of your opponent's moves. In other 
words, the player who goes second cannot 
win unless the first player commits an 
error. The Geniac circuit for this situation 
is a complex one, but once constructed, 
proves infallible. In a word, you can't beat 
the machine! 

The underlying principles of the Geniac 
kit have been in development and research 
for a number of years. One of the best 
known pioneers in this country in the ap- 
plication of algebraic analysis to the prob- 
lems of telephone circuitry is Dr. Claude 
Shannon of Bell Telephone Laboratories, 
whose "magnetic mouse" was described in 
the May issue of POPULAR ELECTRONICS. 
Another noted mathematician, Edmund C. 
Berkeley, has contributed largely to the 
development of the Geniac kit. Mr. Berke- 
ley, an exponent of symbolic logic, is the 
author of the instruction manual that is 
furnished with the kit. Production of the 
kit, and the solving of the problems in- 
volved in putting it together, is largely the 
work of the Toy Development Company, 
of which Oliver Garfield, scientist and 
teacher, is the head. 

In addition to its value as a source of 
amusement and education, the kit exhibits 
certain technological features that may 
have widespread implications in other 
areas. The switches themselves are de- 
signed for simplicity and economy. Where 
the equivalent of several banks is needed, 
which ordinarily requires a multi -deck or 
multi -wafer switch built up vertically, the 
Geniac method uses a single wafer. Con- 
tacts on this wafer provide the equivalent 
-laterally --of what conventionally ganged 
switches do. This single wafer unit is an 
exclusive Geniac development, on which 
patents are pending. 

Speaking for the Geniac project, Mr. 
Garfield is quite optimistic regarding its 
future. New developments may see an 
electronic I.Q. tester for professional use, 
as well as improvements in data analysis 
machines. For additional information, as 
well as to order kits, write to The Geniac 
Project, 29 St. Marks Place, New York 3, 

N. Y. 

POPULAR ELECTRONICS 



Building at right houses all TV facilities. 

GETS ITS FIRST 
TELEVISION STATION 

IN AN IDYLLIC WOODED GROVE near Baghdad, 
Iraq, is a modest building resembling a 
cross between a split -level home and an 
oversized barn. Its calm, suburban -like ap- 
pearance belies the feverish activity and 
"hot" equipment housed within it. 

This is the first home of the first tele- 
vision station in the Middle East. Present- 
ly located on a site at the Trades Fair, 
where it was set up by Pye, Ltd. of Cam- 
bridge, England, as an exhibit, the entire 
studio and its equipment has been bought 
by the Iraq government and will be moved 
soon to an official site belonging to the 
Iraq broadcasting authorities. 

The studio, which was erected and put 

Program producer and team of technicians 
in control room during Baghdad telecast. 
Latest equipment and methods are employed. 

Young artists pose before Pye TV camera. 
Technicians had to battle sandstorms and 
thunderstorms in setting up the station. 
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on the air only four weeks after the ar- 
rival of Pye technicians from England, is 
equipped with all facilities of a modern TV 
station, including the latest cameras. 

During the Trades Fair, Pye telecasted 
many programs which were received on 
sets in many parts of Baghdad, including 
the palace of King Feisal. At the outset, 
however, TV receivers had to be removed 
from shop windows along the main street 
because of traffic congestion caused by en- 
thusiastic crowds. 

Programs included studio performances 
by local artists and personal appearances 
by members of the Iraq government. One 
of the most likely uses to which the new 
station will be put is educational. In the 
Middle East women do not appear in pub- 
lic and so are unable to shore the same 
educational opportunities afforded to those 
who can attend movies and other public 
places. The Baghdad authorities hope that 
television in halls and other places. where 
women congregate with their children will 
help to fill the gap in their knowledge of 
the world about them. 

Middle East observers predict that the 
effect of television in Baghdad will be felt . 

well beyond Iraq. British prestige, and 
that of her electronics industry, is expected 
to be enhanced greatly throughout the 
area. 30 



PLANNING TO BE AN 
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THE QUANTITY AND VARIETY of careers 
in electronics are tremendous. Industry is 
clamoring for men with suitable back- 
grounds in numerous specialized phases of 
electronics at various levels of ability and 
attainment. But the big cry, the big de- 
mand, is for men trained at the engineer- 
ing and scientific level. Specialists are 
not as much in demand as men with a 
thorough basic background in mathematics, 
physics, and engineering. 

If you are in high school now, in the 
armed services for a brief period, or un- 
der thirty years of age and able to go to 
college, consider seriously the possibility 
of getting into electronic engineering - 
that is, if your interests and talents tend 
to be in this direction. A few technicians, 
after years of experience, earn the status 
of engineer or scientist in industry, but 
most engineers enter the profession after 
securing a degree from an accredited col- 
lege or university. The same is true of 
physicists and mathematicians. 

To be ready for an engineering or scien- 
tific college education, there are several 
things that you can do now which will 
make the going easier in college, and en- 
able you to get more out of your college 
courses. You should: 

1) Become extremely proficient in mathe- 
matics. 

2) Get a solid background in physics. 
3) Become familiar with the practical 

aspects of electronics. 
4) Learn how to use a slide rule. 
This sounds like a big order, and for the 

most part, it is. However, when you con- 
sider that a large number of high school 
graduates cannot pass college entrance 
examinations, the need for this "large 
order" is apparent. Furthermore, any- 
where from 30 percent to 60 percent of 
the students in basic college mathematics 
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ELECTRONIC EILGIN 
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By FORREST H. FRANTZ, SIC O Physics Dept., Mississippi State College ) 
and physics courses fail or just barely pass. 
This indicates that a prospective college 
student would do well to prepare himself 
as best he can to meet the standards that 
have been set. The four points mentioned 
above are basic for pre -college prepara- 
tion. Let's examine them more closely and 
see why they are important. 

1) Become proficient in mathematics: 
To do this, you'll have to do more than 
work a few assigned problems. Work many, 
many problems. Usé your high school trig- 
onometry and algebra texts, and if you 
can work these problems with ease, try to 
find texts with slightly harder problems 
that present a greater challenge. Before 
you can really get into electronic work on 
the college level, you will have to complete 
courses in college algebra, trigonometry, 
analytic geometry, and calculus. Then you'll 
be taking courses in differential equa- 
tions, advanced calculus, and vector analy- 
sis along with your electronic courses. If 
you don't enjoy working with mathematics 
and can't use it with ease after high 
school courses, you would be better off not 
to enter college with electronic courses in 
mind. It is impossible for the author to 
find words that adequately describe the 
importance of mathematics to the engi- 
neer. The inability to cope with mathe- 
matics is the pitfall for most students who 
have difficulty with their basic physics 
courses. A deficiency in mathematical 
background becomes more serious in ad- 
vanced science and electronic courses. 

2) Get a solid background in physics. 
This is important because every phase of 
physics comes into play at some time or 
another in an electronic engineer's career. 
If you understand basic physics, then you 
will find it easier to understand your spe- 
cialized electronic courses. Electricity is 
the basis of electronics; mechanics must be 

June, 1955 

understood to understand fully electrostat- 
ics and electromagnetics; sound is essen- 
tial for audio, acoustics, and vibration stu- 
dies; light must be understood to learn 
the principles of television; and heat is 
important to the study of vacuum tubes, 
heating devices, and equipment design. 
Every phase of physics is important to an 
electronic engineer. 

3) Become familiar with the practical 
aspects of your field: You may do this in 
numerous ways. Read technical periodicals 
and books on electronics. Build equipment 
either of the kit form or from construc- 
tion articles in magazines. Seek the help 
and advice of persons already engaged in 
radio, television, and electronics. They'll 
be glad to help you get started. This is the 
kind of preparation that keeps your inter- 
est in electronics alive and will make your 
future study an interesting search instead 
of a tiresome walk in a strange land. 

4) Learn to use the slide rule: The slide 
rule is as true, dear, and important to the 
engineer as the six-gun was to the legend- 
ary figures of the "Old West." As a mat- 
ter of fact, most engineering students carry 
them fastened to their belts just as the 
Westerners of past years carried their 
guns. If you learn to use a slide rule now, 
you'll become acquainted with a life -long 
friend. If you can't get one and start to 
use it before you go to college, put it at 
the top of your list of things to get when 
you hit the campus. 

As an electronic engineer, you'll receive 
a good salary, enjoy considerable prestige, 
and have the satisfying feeling of accom- 
plishment in doing your work. It's a great 
future, and the future of electronics be- 
comes greater every day. There are many 
problems to be solved and many new de- 
vices to be created. Some of them may be 
waiting for your particular approach. {3 }p - 
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Muzak programs are transcribed from master discs onto magnetic 
tape by these recorders. Reels are then shipped to franchisers. 

IMPROVED SERVICE, greater range of selec- 
tions, wider audiences, higher fidelity, and 
smoother operation are anticipated from 
recent changes behind the scenes at Mu- 
zak's New York headquarters. A remark- 
able new tape playback unit is the elec- 
tronic cornerstone of this expansion move 
by the organization which has been fur- 
nishing background music in restaurants 
and other public places for twenty years. 

Designed by Muzak engineers, the tape 
unit is started and stopped automatically 
by subsonic signals on the tapes containing 
the musical programs. Desired music for 
special occasions, such as Christmas carols, 
may be preselected. In addition,' the unit 
reverses the tape at the end of the 4800 - 
foot reel, changes tracks, automatically 
rewinds, and shuts itself off and cuts in a 
companion tape mechanism. Since two of 
these playback units operating in tandem 
can play programmed music on tape indef- 
initely and automatically, Muzak main- 
tains that the new system has not only 
eliminated human error from the opera- 
tion, but has reduced operating procedures 
to one visit a day to change the reels in 
the studio. 

The tapes themselves, upon which Muzak 
records its own programs, are mounted on 
reels that can run a full eight hours, 4 
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hours in one direction on one track, and 
then 4 more hours on the other track in 
the opposite direction. 

Tapes and playback units are shipped 
from Muzak's headquarters to its nearly 
100 franchised operators. More than 400 
communities are now serviced in this man- 
ner throughout the United States as well 
as in Lima, Peru; Vancouver, Toronto, and 
Montreal in Canada; Mexico City; San 
Juan, Puerto Rico; and Honolulu. It is esti- 
mated that 50 million people hear some 
portion of a Muzak program each day. 

Three Types of Programs 

Locations serviced by Muzak include 
restaurants, supermarkets, banks, depart- 
ment stores, business offices, and industrial 
plants. Three different kinds of programs 
have been developed to meet the calcu- 
lated needs of these diverse situations. 
First, there is the "basic" program, con- 
sisting of a wide variety of classical and 
semi -classical music, show tunes, and pop- 
ular songs (without vocals). Aimed at pub- 
lic places such as banks, restaurants and 
stores, this program is divided into 15 min- 
ute segments, with 121/z minutes of music 
and 2% of silence. The silent period is cal- 
culated to prevent the unwelcomed effects 
of too constant background music. 
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Master disc is okayed on transcriptior turntable as Muzck technician adjusts 
controls to assure proper feeding of signals into banks of tape recorders. 

The second type of program, intended for 
offices, features a narrower variety of se- 
lections which omits classical music. This 
program is on for 15 minutes and off for 
15 minutes, starti,ng on the quarter -hour. 

The third, and most recent type, is the 
industrial program. Planned for factories 
and plants, this program comprises popu- 
lar and show tunes exclusively and in- 
cludes vocal selections. This program is 
scheduled like the office program -15 min- 
utes on and 15 off -but starts on the hour. 
Thus the factory schedule dovetails the 
office schedule, permitting an entire plant 
to be serviced simultaneously from one 
tape seurce. 

Music Played by " Narrte Bands" 

The musical selections themselves are 
obtained through a unique process. A com- 
position is chosen. A special arrangement 
is made by staff musicians.. The piece is 
then played for a recording session by one 
of the many "big- name" bands in the coun- 
try, although the listener would never rec- 
ognize the band since its playing is strictly 
in line with Muzak's arrangement and 
rules regarding tempo, volume, and orches- 
tral effects. The master disc thus recorded 
is then used to make tape transcriptions. 
Tapes are recorded on 16 -inch reels run - 
June, 1915 

ring at 3% i.p.s. using dual tracks. Sub - 
sonic signals, to be used later for switching 
on and off the playback -units, are also re- 
corded onto the tape. 

At one of Muzak's franchises, the tape is 
played back. Signals are fed to local am- 
plifiers and thence, via lines, to the nearest 
telephone office. From here the signal is fed 
into lines that carry the music to the indi- 
vidual Muzak subscribers in that area. At 
the subscriber's installation, the signal is 
fed into a booster amplifier and finally to 
the loudspeaker. 

All the electronic equipment, including 
amplifiers and speakers, are Muzak prod- 
ucts. Like the music itself, they are de- 
signed and built to Muzak specifications. 

Muzak's 7000 different musical selections 
make it possible never to program the same 
number more than once a day; usually it is 
not necessary to repeat it for an entire 
week. The unique tonal qualities of this 
music have occasioned comment by many 
listeners. Muzak's programs are noted for 
their subdued overtones, lack of stridency, 
and over -all "mellowness ". This quality is 
not an indication of musical ignorance on 
the part of the organization, but a delib- 
erate attempt to provide the kind of music 
that makes good background for various ac- 
tivities. According to Muzak, this music ac- 

37 



I ST WEEK 

2ND WEEK 

AVERAGE 

PERCENT 0% 

IST WEEK 

2ND WEEK 

3RD WEEK 

4TR WEEK 

AVERAGE 

1% 2% 3% 

This chart, furnished by Muzak, shows the 
success of planned music in reducing lost time 
in one plant. Early departures dropped from 
2.52% of man -hours during the two weeks be- 
fore music was used to only 0.845% during 
the four weeks after Muzak was installed, 
representing a decrease of 66 %. These meas- 
urements were made by the Stevens Institute 
of Technology. Muzak's conclusions: a cheer- 
ful worker is a better worker; the right kind 
of music helps make, and keep, men happy. 

tually helps people work, shop, or dine, and 
is non -distracting. The philosophy behind 
Muzak is that such music cheers people, 
boosts morale, increases the positive psy- 
chological factors in human behavior, helps 
increase work output, minimizes fatigue, 
and makes public places more pleasant so 
that large numbers of people can function 
smoothly without running each other down. 
In line with these points, the programming 
and timing of the music are based on the 
"Standard Fatigue Curve" developed by 
psychologists. 

Because the music is designed primarily 
as background and to blend into the sur- 
rounding atmosphere, the over -all response 
of the system is controlled to permit the 
transmission of "tones that just penetrate 
the noise barrier" created by any given set 
of activities and people. Described by Muz- 
ak as a "controlled high fidelity that pre- 
serves the quality of the original perform- 
ance, but eliminates all irritating highs," 
this music is played and reproduced in 
such a way as not to call attention to itself. 
It simply serves as a psychological aid to 
whatever else is going on. Experience, 
tests, and increasing franchises all seem to 
indicate that for fulfilling its avowed aims, 
"music by Muzak" is here to stay! -El- 

Scatter Propagation Tests Seek to Extend Communications 
A LONG -RANGE TESTING PROGRAM on a new 
type of communication link was launched 
at Syracuse University, N. Y., recently 
when a receiving station built on the sum- 
mit of a ski hill went into operation. 

This new link may play a vital role in 
military operations. Broadcasts sent over 
it would be harder to jam, more difficult 
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to listen in on, and less subject to noise in- 
terference than those sent over conven- 
tional radio links. The link may also make 
possible long- distance communication 
paths, free of relay towers. At present, FM 
and pulse -type broadcasts cannot be re- 
ceived much beyond the line of sight with- 
out such towers. 

Daily, signals from an Air Force trans- 
mitter at Lexington, Mass., are sent to 
Syracuse. AM, FM, and pulse -type modu- 
lations are being used. The carrier fre- 
quency, 915 mc., is scattered beyond the 
line of sight from the ionosphere or tropo- 
sphere. These regions are reflecting layers, 
some 50 to 75 miles above the earth. Dis- 
persion of the signal is called scatter pro- 
pagation. The scattering causes some of 
the signal to descend earthward where it 
can be detected by a receiver. 

All signals are received at Syracuse by 
means of the huge dish -like reflector an- 
tenna shown in the photo. Recording in- 
struments indicate with graph lines the na- 
ture of the signals. Interpreting the data 
thus obtained are Drs. Samuel Seely (left) 
and Stanford Goldman, professors of elec- 
trical engineering. 

Through these tests, the scientists hope 
to determine which type of modulation is 
best suited to this particular link. 30 

POPULAR ELECTRONICS 

f 



e 

learn while you doze 

Electronic device serves 

as full -time private tutor. 

THE STUDENT WHO TRADITIONALLY SLEEPS 

through his classes may be more in line 
than he realizes if the educational ideas 
embodied in a new electronic device be- 
come widely used. 

Basing its operation on the theory that 
people can learn while in a semi- conscious 
or completely slumbering state, the "Dor- 
miphone" furnishes oral lessons that are 
turned on and off by preset controls. The 
unit can be arranged to drill the lessons 
loudly while the student is awake, and 
then to whisper a gentle refresher just be- 
fore he goes to sleep, during sleep, and 
upon wakening the next morning. 

Source of the lessons is a magnetic re- 
corded disc which is played on a phono- 
graph in much the same manner as an or- 
dinary pressed or cut disc. The lesson on 
the disc may be recorded through the Dor- 
miphone via microphone, using the device 
as a magnetic disc recorder. Simply chang- 
ing the cartridge in the phono arm and 
flicking a switch converts the unit to play- 
back. 

Timing control is achieved by a built -in 

June, 1955 

-- 
Photo at top of page shows French actress 
Jeanne Demery as she learns Swedish from 
language records played on her Dormiphone. 
Record changer used in unit is the Collaro. 

Telechron electric clock equipped with a 
series of switches. These controls can be 
preset by the user so that any record auto- 
matically will start, play, and stop at de- 
sired intervals. In effect this is like having 
a private tutor on hand 24 hours a day. 

In addition to its educational function, 
the Dormiphone may be used as a conven- 
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tional record player, and will handle all 
types of LP and standard discs on a three - 
speed changer that plays through its built - 
in amplifier and speaker. 

When using it to record live signal 
sources, the magnetic recording head rides 
around a pregrooved disc. To erase any re- 
cording, a long bar magnet is held over 
the rotating disc. This "cleans" it and 
makes it ready for reuse. Erasure is also 
accomplished automatically by recording 
new material onto the disc. 

Manufactured by Modernophone, Inc., 30 
Rockefeller Plaza, N. Y. 20, N. Y., the Dor- 
miphone is based on learning techniques 
that have been studied and developed by 
company president Max Sherover, who is 
also the founder and head of the well - 
known Lingua phone Institute of America. 
Mr. Sherover calls his unique application 
of audio by the term "dormiphonics" and 
bases it largely on studies conducted at 
various universities and reported in nu- 
merous scientific journals. Generally they 
involve experiments which demonstrate 

that people remember what is transmitted 
to them orally when they did not con- 
sciously hear it. For example, recent tests 
at the University of North Carolina dem- 
onstrated that students, who had "heard" 
a list of words while they slept, memorized 
the list much faster the next morning than 
those who had not been subjected to the 
same process. 

Opera singers and actors have used this 
equipment to memorize difficult roles in 
much less time than normally required by 
conventional methods. A psychiatrist cured 
fingernail biting among a group of boys by 
planting a suggestion in their minds while 
they were asleep. 

The Dormiphone comes installed in a 
carrying case, complete with microphone, 
12 -inch disc, magnetic recording and eras- 
ing head, LP and standard phono pickup, 
ear piece, under -pillow speaker, and cord. 
It is priced at $229.50. Another model, 
without the magnetic recording feature, 
sells for $129.50. For further information, 
write to the manufacturer. -{}- AAAAA 

Economical Hi -Fi Amplifier FURNISHING 12 WATTS, with a frequency 
response of 20 to 20,000 cycles, the new 
LA -54 audio amplifier combines, in one unit, 
the functions of preamplifier -equalizer and 
power amplifier. Features include : record 
equalizer with separate adjustable bass 
turnover and treble roll -off; inputs and 
selector switch for TV, tape, radio, and 
phono; recording tape take -off jack; inde- 
pendent bass, treble, and volume controls. 
It is priced at $64.50 net. For further in- 
formation, write the manufacturer, Lafay- 
ette Radio, 100 Sixth Avenue, New York 13, 
N. Y. 

AAAAAAAAAAAAAAAAAAAA 
Wide Range Tape Recorder 

For Custom Installation 
DESIGNED FOR HIGH FIDELITY Custom in- 

stallation, the new Revere T -11 tape re- 
corder boasts many quality features, 
among which is a reported frequency re- 

sponse within 3 db from 40 to 16,000 cycles. 
Wow and flutter are down to less than 

0.2 per cent. Tape speed is 71/2 inches per 
second. Although the unit can be used to 
advantage by connecting its output to sep- 
arate hi -fi amplifier and speaker, the T -11 
contains its own monitor amplifier with a 
2% -watt output. 

This newest bid by Revere for the hi -fi 
market employs automatic head demag- 
netization, and rapid individual forward 
and reverse operation. The solenoid oper- 
ated keyboard utilizes push- button control. 
Included is an index counter for play selec- 
tion and editing, and two recording level 
indicator lamps. The T -11 accepts 3, 5, 7, 
and 101/2-inch tape reels. It may be mount- 
ed in any position. Complete with micro- 
phone, power cord, and reels (one with 
tape), the T -11 retails for $264.50. For 
more information, write to Revere Camera 
Co., 320 E. 21st St., Chicago 16, Ill. --j-- 
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By 

ELBERT ROBBERSON 

Cover Photo Story- Painting by Ed Valigursky 

In this first part of a two -part story a simple transmitter is 

described and the receiver using printed circuits is detailed. 

How WOULD YOU LIKE to build a light - 
beam wireless telephone for short -range 
talking and experimenting? With this unit 
you can send speech or music over the beam 
of light, and two people, each one equipped 
with a "talking- light" (transmitter) and the 
"light -beam receiver" can carry on conver- 
sations over the distance the light beam can 
be thrown with enough brilliance by which 
to be read. The best part of experimenting 
with this kind of "wireless" is that it doesn't 
require any license. On the "light -beam 
phone band" there is never any static, and 
other people can't "tap" the conversations. 
Furthermore, a complete outfit can be put 
together in a couple of evenings. 

Light -beam communication can be put to 
practical use. As an example, suppose a 
member of the household spends hours on 
the telephone talking to a neighbor. A light - 
beam circuit will work as well as Mr. Bell's 
invention, and leave the telephone line free 
for other calls. Another application would 
be to have a light -beam hookup with a 
neighbor, so one family could baby sit for 
the other, via a microphone in the nursery. 
June, 1955 

Light -beam signalling is really quite sim- 
ple. A low -power short -range "transmitter" 
can be made as shown in Fig. 1 simply by 
putting an old -fashioned single- button car- 
bon microphone, such as ones used in the 
old wall or desk -type telephones or the F -1 
button used in modern handsets, in series 
with a 12 -volt battery and a portable 6 -volt 
spotlight. The spotlight illustrated is a unit 
designed to plug into the cigarette lighter in 
a car and can be carried in the glove com- 
partment for emergency use. The 12 -volt 
battery may be made of two 6 -volt radio 
A batteries in series. When the lamp, mi- 
crophone and batteries are connected, the 
lamp should glow with about normal bril- 
liance. Then when someone speaks strongly 
into the mike, the light will flicker. 

Filaments of the type of lamp used here 
can change fast enough to hit notes as high 
as 6000 cycles per second with no strain. 
This range is more than enough for excel- 
lent speech quality. 

Send music over the light beam by using 
an ordinary small radio as shown in Fig. 1. 
Disconnect the speaker voice coil from the 
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Light-beam "receiver." Con- 
cave shaving mirror gathers 
light from modulated beam, 
focuses it on phototube in am- 
plifier unit. Cardboard shield 
over top shuts out unwanted 
light from other sources. 

On a piece of 3/4" plywood, 
trace outline of concave mir- 
ror. Keep line very close to rim. 

Cut a hole for the mirror with 
a fig saw. The diagonal cut in 
from the edge can be squeezed 
together with a screw to give 
clamping action in order to hold 
mirror in place. If mirror is loose 
in the holder, wrap layers of 
tape around rim until snug. 
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secondary of the output transformer. Wire 
the spotlight and a 6 -volt battery in series 
with the transformer secondary winding. 
With the station tuned in, turn the volume 
up "full." The lamp should now burn and 
flicker with the program modulation. 

So much for simple sending outfits. A 
regular sending unit which will have better 
performance will be described next month, 
but first, let's get set up to receive effi- 
ciently.. 

To "listen" to a light beam, just put an 
"electric eye" in the path of the light rays, 
and their fluctuations will be turned back 
to an electrical wave. Add an amplifier and 
a headset, and the electrical wave will be 
restored to the original form of a sound 
wave. 

Figure 2 shows the schematic of the light - 
beam receiver. Using readily available 
printed circuits for all tube coupling, the 
number of components was reduced to a 
mere dozen. 

Before wiring it up, some simple carpen- 
try is necessary. As you know, the beam 
from a spotlight spreads out. The active ele- 
ment of our electric eye has an area of ap- 
proximately one square inch. The practical 
effect is that, without some help, only a very 
small part of the transmitted beam will 
be intercepted and turned back to sound. 

The greater the amount of light beam 
gathered and focused on the light- sensitive 
element, the better. A six -inch concave 
shaving mirror will gather about 28 times 
more light than the "naked eye." This 
amounts to a gain of 14 decibels. 

Shine a spotlight squarely on the mirror 
from several feet away, and move a small 
card away from the mirror center until the 
point of best focus is reached. This is the 
"total length" of the mirror, and the plat- 
form should be made so the photoelectric 
tube is exactly the focal -length distance 
from the mirror. Using the mirror shown 
in this article, the focal length was 23 inches. 

TELEPHONE 
CARBON 
MICROPHONE Hit 

6V. 6V 

OR 
12V. BATTERY 

PORTABLE 
SPOTLIGHT 

DISCONNECT PROM 
("'SPEAKER 

SECONDARY 

OUTPUT 
TRANSFORMER 6V. 

6V 
PORTABLE 
SPOTLIGHT 

Fig. 1. These two simple transmitters 
may be used for short -range signaling. 

A board 30 inches long was used for the 
platform, which allows room on the end for 
the amplifier unit. 

The next part is the mirror holder. This 
can be cut with a jig saw from 3/4 -inch ply- 
wood, and screwed to the end of the plat- 
form. The mirror should be mounted so its 
center is the same height above the plat- 
form as the center of the phototube element. 

Fig. 2. Wiring schematic of the light beam 
receiving unit. The cost is about $12. 

C1 -20 pfd., 150 v. electrolytic capacitor 
C2 -.002 pfd., 400 v. paper capacitor 
B1 -111/2 volt battery, Burgess 2F 
32 -Two 45 volt batteries in series, Burgess M -30 

81-500 ohm, 1/2 w. res. 
VI -930 phototube 
V2 -1S5 tube 
V3 -1S4 tube 
1 ea.- Centralab PC -70 "Couplate" 
I ea.-Centra/ab PC -92 "Couplate" 
SI- D.p.s.t. toggle switch 
1- Socket, octal, Amphenol 78 -S8 

2- Sockets, 7 pin miniature, Amphenol 78 -7P 

1 -Phone jack, Mallory A -2 
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PC-92- 

00 
Pyld 

154 
.002 V3 
Ptd. 

CLOSED 
CIRCUIT 
JACK 

500 
V2W 
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The socket holes are made most 
easily with chassis punches. 
Space two 5/8" holes and one 
11/2" hole evenly across cen- 
ter line of utility -box chassis. 

7vC 

Insert tubes in sockets before 
wiring, and prop the chassis 
up on blocks or the batteries. 
Having the tubes installed pre- 
vents distortion of miniature - 
tube contacts with the strain of 
attaching and soldering wires. 

After wiring the battery plugs, 
cover their backs with plastic 
tape to prevent short circuits if 
the plugs should touch the cab- 
inet. Unit is completely wired 
here -note the grid -bias resis- 
tor on the "B "- battery plug. 

Connect batteries, lay them in 
the bottom of the case, and 
slide the chassis in place and 
secure. Make sure this han- 
dling does not move anything 
so that short circuits can occur. 
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Now for the receiving unit. Along the 
center of the top of the utility box, drill pilot 
holes for tube -socket openings and punch 
the holes out with chassis punches. On the 
same center line, drill a #25 hole for the 
"ground" connection, and on the end of the 
cabinet make two '/16 -inch holes, one for the 
"on -off" switch and one for the headphone 
jack. Install the sockets, jack and switch, 
and put in a 6 -32 machine screw and a 
couple of lugs for the ground "bus." Orient 
the tube sockets exactly as shown in the 
diagram on page 46. 

Plug in the tubes, prop the chassis upside 
down, and commence wiring by running a 
bare tinned solid copper wire from the 
ground connection through terminals 1 and 
5 of the 1S4 tube socket, then around to pin 
1 of the 1S5 tube socket. Connect the tubu- 
lar center shields to ground also. 

Run a wire from the far -center switch 
terminal to the number 7 terminals of both 
the 1S4 and the 1S5 tube sockets. Make up 
the A battery plug with leads about 10 
inches long, connect the small pin to the 
chassis ground, and the large one to the far - 
end terminal on the switch. The filament 
circuits are now all wired. 

Next, wire the 20 id d. electrolytic capaci- 
tor between the 930 tube socket terminal 4 
and the ground on terminal 1 of the 1S5 
tube socket. Be sure the positive end of the 
capacitor goes to the 930. Then hook up the 
jumper between the 930 tube socket termi- 
nal 4 and the sleeve and switch contacts of 
the phone jack. 

Run a wire between the tip contact of the 
jack and terminal 6 of the 1S4 tube socket, 
and at the same time, connect the .002 id d. 
capacitor from the 1S4 tube socket terminal 
6 to the chassis ground lug. 

Using Printed Circuits 

Before installing the "printed- circuit" 
coupling plates, check their diagrams and 
the lead numbering against the schematic 
to make sure they are the same. The hook- 
up shown here and the numbers on the 
schematic apply to Centralab coupling 
plates -other manufacturers of equivalent 
items may use a different code. If there is a 
difference, either change the numbers on 
the "couplate" or the wiring diagram to 
make the connections conform to the 
schematic. 

To install the input circuit, Centralab 
PC -70, connect leads 1 and 4 together, and 
connect to the ground bus. Use insulating 
tubing on all leads to prevent accidental 
short circuits. Lead 2 goes to the 930 tube 
socket terminal 8; and lead 3 to the 1S5 
tube socket terminal 6. 

The interstage coupling plate, Centralab 
PC -92, has two more wires than the PC -70; 
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these supply screen voltage to the first tube, 
but the PC -92 is no more difficult to wire in 
than the PC -70. Remembering to use spa- 
ghetti oh all leads, first connect lead 1 to 
the ground bus. Lead 2 is the connection 
for negative grid bias for the output tube, 
and on the schematic this wire is shown run- 
ning directly to the negative B battery ter- 
minal. However, connecting a flexible bat- 
tery -plug wire to this flimsy lead would be 
mechanically poor. Since the unused termi- 
nal 2 of the 1S5 tube socket is available as 
a tie -point, connect lead 2 to the 1S5 termi- 
nal 2. 

Centralab -PC -92 lead 3 goes to the 1S4 
tube socket terminal 4; at the same 
time, solder a jumper from the 1S4 tube 
socket terminal 4 to the near -center termi- 
nal of the switch. Then, install another 
jumper from the near -center switch termi- 
nal to the sleeve- and -contact terminals of 
the phone jack. 

Connect lead 4 to the 1S5 tube socket ter- 
minal 4; and lead 5 to the 1S5 terminal 5. 
Lead 6 goes to the 1S4 tube socket terminal 
3. This completes the chassis wiring. 

Wiring in the Battery 

Make up the B battery plugs with about 
10 -inch leads and connect the 500 -ohm re- 
sistor between the negative pin and the un- 
used pin on the plug of the battery at the 
negative end. Here is another instance 
where an unused terminal is used as a tie - 
point, giving mechanical security without 
using any extra hardware. Connect the 
negative wire to the tie -point terminal 2 on 
the 1S5 tube socket; and connect the posi- 
tive lead to the near -end terminal of the 
switch. Ground the lead from the tie -point 
terminal on the first battery plug; and the 
equipment is now completely wired. 

It is a good idea to check off the wires on 
the wiring diagram as each one is put in- 
then, when finished, double check. 

lo' 

CENTER OF MIRROR 
SAME HEIGHT AS 
PHOTO TUBE 
ELEMENT 

Mounting of the receiver, 
phototube and concave mirror. 
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Connect the batteries, plug in the headset, 
and turn on the switch. A quiet hiss may 
be heard, and when the tubes are tapped 
with the finger, a slight ringing should be 
heard as their elements vibrate. Then touch 
the finger to terminal 6 of the 1S5 tube -a 
loud hum should result. 

Aim the concave face of the phototube at 
a burning a.c. lamp or fluorescent tube, and 
a.c. hum should be heard in the headset. The 
hum can be interrupted by holding the hand 
in front of the phototube. This shows that 
the receiver is light- sensitive. 

Place the amplifier on the platform, with 
the phototube facing the mirror. Directly 
in line with the mirror and at a distance of 
several feet, beam in the searchlight. Get 
back of the mirror, and adjust until the re- 
flected beam is centered on the phototube 
element. The headphones should now re- 
spond to whatever modulation is applied to 
the beam. 

Light, other than that coming from the 
searchlight, will reduce the sensitivity, so 
use a shield over the receiver. This shield 
can be bent up of corrugated cardboard, or 
light -weight metal, and installed as shown 
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in the photograph at the top of page 42. 
Best range with the light -beam telephone 

is realized at night. To test the unit, the 
author put his favorite record program on 
the light beam, aimed the searchlight out 
the window, picked up the receiver, and 
walked down the street. By careful aiming, 
he was able to pick up the program with 
surprising fidelity "a block away. 

As expected, the simple microphone -bat- 
tery speech transmitter isn't as efficient as 
a vacuum -tube outfit would be, and too 
much current through the mike heats the 
carbon granules, so it has to be tapped oc- 
casionally to restore sensitivity. Best per- 
formance on speech can be obtained with a 
light modulator built especially for the job. 
Next month POPULAR ELECTRONICS will de- 
scribe such a unit. 

In the meantime, get ready by building 
this receiver and getting acquainted with 
light -beam communication. It's fun, besides 
being an introduction to "wireless" which 
can lead to better things. Many of the 
basic principles of radio transmission and 
reception are involved in light beam com- 
munication. 

Pictorial wiring diagram of the light -beam receiving unit. Con- 
structors unable to obtain the cheap printed circuit may substitute 
regular resistors and capacitors with the values shown on page 43. 
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METAL LOCATOR 

COMBINING FUN AND PROFIT is something 
one hears about, but seldom enjoys. The 
metal locator described in this article, car- 
ried in the trunk of the car, can be assem- 
bled in minutes and will provide endless 
hours of fun and excitement with the con- 
stant possibility of a rich find. It responds 
with equal facility to non -ferrous and fer- 
rous metals or ores. It will find under- 
ground wires and pipes, metals buried in 
sand, and electrical conduit lines in brick, 
plaster, or mortar walls and ceilings. Best 
of all, it is inexpensive and easy to con- 
struct. 

The complete outfit consists of two ma- 
jor components : the search coil and its fit- 
tings, and the electronic detector. The 
former is a four -turn coil, 18 inches in 
diameter wound in, and protected by a ply- 
wood "sandwich" 20 inches across. It is 
carried at the end of a 5 -foot length of one - 
inch round stock when in use. The elec- 
tronic equipment comprises two distinct 
battery- operated oscillators. Except for one 
component, both oscillators are contained 
within the metal cabinet shown in the 
illustrations. The exception is the search 
coil; this forms the tank circuit of one of 
the oscillators and alters electrical condi- 
tions to provide an audible indication when 
metal is approached. 

Construction of the Search Coil 
Any sensitive electronic metal locator de- 

mands absolute rigidity of construction t 

The metal locator in operation. 
Any kind of wooden handle 
may be employed to sup- 
port the search coil. 

June, 1955 

By HARVEY POLLACK 

avoid wobble and spurious response; in 
addition, the shielding must be well -nigh 
perfect if one is to avoid masking of the 
desired signal by ground capacitance 
changes- The constructior :. of the search 
coil should be started first because the 
work on the electronic portion may be be- 
gun while the glued coil frame is drying. 
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Construct the plywood frame as shown in 
the drawings, then glue entire assembly 
together (no nails or screws are used any- 
where izn the construction of the search 
coil) using a good resin or casein cement 
such as We'dwoocl or Pliobond; for obvious 
reasons water soluble glues should not be 
used. 

When the coil frame has set, the search 
coil may be wound in the groove of the 
"sandwich." Double cotton covered wire, 
#22 or larger, should be used. Starting 
near one of the one -inch round projections, 
wind two full turns and bring out a twisted 
center -tap. Then wind the remaining two 
turns, terminating near the same projec- 

Schematic diagram, parts list, 
DETECTOR UNIT 

RI, R3- 100,000 ohms, 1/2 w. res. 
R2, R6 -3.3 megohms, 1/2 w. res. 
R4, R5- 15,000 ohms, 1/2 w. res. 
CI, CS -100 Add. mica capacitors 
C2 -50 ¡LAM. mica capacitor 
C3 -100 µµtd. variable capacitor, screwdriver ad- 

justment, capable of being insulated from chassis 
(National Type W -100 or equivalent) 

C4 -.001 µfd. paper capacitor 
C6 -M0 µµtd. ceramicon capacitor 
C7 -15 µµ1d. variable capacitor, 1/2' shaft, chassis 

mounting, double -bearing (Bud Type MC -1850 or 
equivalent) 

C8 -.01 µfd. paper capacitor 
C9 -.005 Add. paper capacitor 
B1 -671/2 -volt "B" battery, Burgess Type XX45 
B2 -11/2 -volt "A" battery, Evere.dy Type 720 or 

RCA Type VSO -69 
11 -Open circuit headphone jack Ll- Shielded oscillator coil, Meissner Type 14.4243 
RFC] -Radio frequency choke, ceramic cone stand- 

off, 10 mhy., (National Type R -100U or equivalent) Sl- D.p.s.t. toggle switch 
VI -1T4 tube 
V2 -1R5 tube 
V3 -1U4 tube 
1- Aluminum utility case, Premier Metal Products 

Type PAC 596 
1- Aluminum chassis base, 4" x 41/2" x 1 ", ICA 

Type 29083 
3 -7 pin miniature shielded sockets 
1-4 ft. strap (An adjustable surplus Army webbing 

strap was used in this model. The finishing ends 
were bent from thin sheet tin and pressed flat in 
a vise. One 8/32 machine screw and nut holds 
each end of strap to detector case. Do not use 
sheet metal screws for this purpose.) 

/ 
f NNfa 

1Go 
ppd 

lOOK 

and pictorial (see opposite page). 
1 -Pair magnetic headphones, high impedance 
1-4" dial, Bud D -1734 or equivalent 
I-4 -lug terminal strip 
2 -2 -lug terminal strips 
1- Connector strip with leads, for "B" battery 
1 -2 -prong plug to fit "A" battery 
SOI- Three- contact chassis receptacle, shielded 

microphone type, Amphenol Type 9l -PC3F or 
equivalent 

Machine screws and nuts as required (Screws for 
mounting tube sockets are 4/40, 3/e "; others are 
6/32, 3 /e ".) 

Hookup wire and solder 

SEARCH COIL AND CABLE ASSEMBLY 
1 -1/4" plywood panel, 3 -ply, approximately 20" x 

40", to be cut in half 
1 -6 ft. length of 1" round stock, light- weight wood 
I -I ft. length, 3 /e" dowel 
1 -3 ft. length of 3/4" x 2" lumber for cross -bar on 

search coil assembly 
10 ft. of #22 or larger double cotton -covered copper 

wire for search coil 
150 ft. of #22 bare (not enameled) copper wire 
75 ft. of 1" wide paper masking tape (If 2" cloth or 

plastic tape is used, reduce by half.) 
I pt. of good quality white shellac (Varnish may be 

used, but drying time is greater.) 
5 ft. of Twinax (double conductor shielded cable) 

RG -22/U or equivalent having no more than 17 
µµtd. per foot. Federal Type K -111 shielded 
twinlead can be used as second choice. 

1 -Small can of Weldwood, Pliobond, or similar 
water -resistant glue 

1 -1ones strip, three terminals 
1 -Three -prong plug, shielded microphone type, 

Amphenol Type 91 -MC3M or equivalent 
Total cost of parts, approximately $25.00 
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tion. Bring the two ends of the coil and 
the center -tap out through three fine holes 
near the inner circumference of the upper 
ring. Draw fine radial lines on the rim of 
the frame to aid in layout of the Faraday 
shield to be wound later. Now give the 
whole assembly one or two coats of clear 
shellac or varnish and let it dry thoroughly. 

Construction of the Faraday Shield 

The search coil responds to metal by in- 

ducing eddy currents in the metal masses 
by virtue of its magnetic field. Unless pro- 
tected by adequate and proper shielding, it 
will also react capacitively to both mag- 
netic and non -magnetic metals. Since this 

R2 IRS 
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V2 
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BI 
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FOUR 
TURN 
COIL 

TOP VIEW 

PIECES OF 1/4" CURVED PLYWOOD STRIPS 
FROM CENTRAL DISCS TO HELP PRESERVE 
SANDWICH SPACING (2 STRIPS) 

I" DIAMETER DOWELS 21/2" LONG 
GLUED TO HOLD RINGS I/4" APART 

TIGHT FIT 

IN I" 
HOLES 

TiL 

SIDE VIEW 

1/8" BETWEEN 
TORDIS r TURNS 

GROUND BUS SOLDERED 
TO ALL INSIDE TURNS 

CUT 
MEREWANDS FOLD 
INTO SANDWICH, 

HOLDS WIRES IN PLACE 
OUTER RIM 

1 

is highly undesirable, a shield must be built 
which permits the movement of magnetic 
lines of force without permitting capaci- 
tive coupling. Such a shield is called a 
Faraday shield; it must have no closed 
loops or current paths in which eddy cur- 
rents can flow. Neither metal foil nor cop- 
per screening is satisfactory because these 
are full of closed loops which cause serious 
magnetic field losses, reducing the penetra- 
tion of the field so that the device becomes 
insensitive. 

To construct the Faraday shield, #22 
bare copper wire (not enameled) is wound 
around and around the rim of the sand- 
wich in toroid fashion, with about Vs -inch 
spacing between turns. The radial lines 
mentioned earlier assist the builder in 
keeping the winding neat and uniform. The 
toroid winding starts from one side of the 
one -inch round stock projection where the 
search coil wires emerge and continues 
around, finishing on the other side of the 
same projection. This leaves a one -inch 
gap in the large circumference of the 
toroid, avoiding a closed loop. 

A piece of #22 bare wire is now soldered 
all around the inside rim to each turn of 
the shield; good contact must be estab- 
lished between the shorting bus and each 
turn. Again, the bus leaves a one -inch gap 
near the same projection. A four- or five - 
inch length of the same bus wire should be 
brought up through the center small hole 
which already carries the center -tap of the 
search coil. 

The entire assembly should now be given 
at least three coats of shellac or varnish. 
This coating must prevent water absorp- 
tion and also hold the turns of the Faraday 
shield in place when the individual turns 
are cut open in the next step. Allow the 
coating to dry thoroughly. 

Since there are still closed loops formed 
by individual toroid turns, a sharp pair of 
shears or cutters is now used to open each 
individual turn around the outer rim. As 
each turn is cut, its ends are pressed in- 
side the sandwich groove to prevent con- 
tact between them after the frame is taped. 
Taping may be accomplished with paper 
masking tape, which requires a coat of 
shellac after finishing, or with waterproof 
cloth or plastic tape, which do not require 
shellac protection. 

Construction details of the loop. Top draw. 
ings show top and side views of wood- 
en frame. Center drawing indicates how 
windings are placed on the frame, and 
bottom sketches give detailed information 
on the construction of the Faraday shield. 
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Completing the Search Coil Frame 

The frame is given added rigidity and a 
socket for the holding pole by means of the 
s/4" x 2" x 20" crossbar. The crossbar is 
pegged in place by wood doweling, %" in 
diameter, by drilling %" holes downward 
in the vertical projections to a depth of 
about one inch and gluing the crossbar in 
place. A one -inch hole is cut in the center 
of the crossbar to receive the end of the 
holding pole, The latter is also pegged in 
place by means of a %" wood key, which is 
removable to permit disassembly of the 
unit for transportation. A three -terminal 
Jones strip is then screwed to the cross- 
bar; the coil terminals and center -tap are 
then secured to the Jones strip. The Fara- 
day shield connection goes to the same 
Jones screw as the center -tap of the search 
coil. 

Construction of the Electronic Detector 

The two oscillators are built as shown in 
the photos, the schematic diagram, and the 
pictorial wiring diagram. Although the 
layout illustrated is good, the builder may 
make any alterations he pleases, as long as 
he observes these precautions : 

(1) The shielding between oscillators 
must be excellent. Note that all tubes and 
the fixed oscillator coil are completely 
shielded and that the tuning capacitor and 
oscillator coil of the 1R5 oscillator are 
above the chassis while the tuning capaci- 
tor for the search oscillator is below the 
chassis. The oscillator coil for the search 
section is completely outside the box, of 
course! 

(2) All parts must be mounted super - 
rigidly with short leads used throughout to 
prevent vibration while the cabinet is being 
carried. Even the r.f. choke is supported 
instead of being secured only by its pig- 
tails. Resistors and capacitors belonging to 
one oscillator should be kept as far as pos- 
sible from components of the other oscil- 
lator, with their major axes at right angles. 
The battery leads are not critical but the 
batteries must be held firmly in place to 
prevent their motion during transportation. 
In the author's model, a simple aluminum 
bracket, bent to fit, is pressed against the 
batteries on one side and the side -wall of 
the cabinet on the other. This is shown in 
the photo with the back cover removed. 

(3) Connection between the search coil 
and the detector cabinet must be made 
with low- capacity shielded twin -lead or 
shielded Twinax. Unless well -grounded 
shielded twin- conductor cable is used, body 
capacitance and stray capacitance acting 
on the connecting cable will produce. in- 
stability. Connection between the cable 
and the detector cabinet is made through 
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Completely assembled loop, ready for oper- 
ation. Noie terminal strip for connecting 
the shielded "Twinax" cable, the other 
end of which connects to a 3 -prong plug. 

a shielded, three -terminal microphone con- 
nector. 

A U. S. Army surplus web strap was cut 
to size and end -finished by means of thin 
sheet metal bent around the cut end and 
peened in place. The strap frees both hands 
for handling the carrying pole, yet keeps 
the tuning dial within convenient reach of 
the operator for the occasional readjust- 
ments that may be required. 

Testing the Complete Metal Locator 

Before connecting the batteries, check the 
connecting wires for short circuits with an 
ohmmeter; even a short circuit of brief 
duration is enough to ruin\ the batteries - 
so be careful! 

Connect the batteries; set the main tun - 
ning capacitor at a little less than full 
capacitance; turn the switch on and slowly 
rotate the screwdriver -tuned variable ca- 
pacitor from full capacitance outward un- 
til a loud whistle is heard. While doing 
this, many whistles of varying intensity 
will be heard due to various combinations 
of harmonics of the two oscillators. These 
are to be disregarded; the beat note be- 
tween the fundamental frequencies of the 
two oscillators is three or four times as 
loud as the others. Leave the semi -vari- 
able capacitor at that setting and readjust 
the main tuning dial for a loud whistle of 
low frequency. As this adjustment brings 
the heterodyne closer to zero -beat, the 
oscillators will lock in with each other and 
the whistle will disappear. Now bring a 
relatively large mass of any kind of metal 
into the vicinity of the search coil; the 
beat note should immediately reappear, be- 
coming shriller as the metal approaches 
closer. When the locator follows this pat- 
tern, it is ready to be installed permanent- 
ly in its cabinet. 
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If beat notes are not heard, the trouble 
must first be localized to one of the two 
oscillators or to the audio amplifier. Com- 
mon trouble spots are weak batteries, in- 
correct connections, poorly soldered joints, 
defective components, or components of 
wrong value. These possibilities should be 
investigated first. 

Oscillators in good working order gen- 
erate a bias voltage that is easily measur- 
able. Using a vacuum -tube voltmeter or a 
regular voltmeter having a sensitivity of at 
least 20,000 ohms per volt, measure the 
voltage on the grid pins of the 1T4 and the 
1R5 with respect to chassis. (Pin #6 on 
the 1T4, pin #4 on the 1R5.) A negative 
potential of 3 volts or more indicates prop- 
er operation. If the measurement does dis- 
close an inoperative oscillator, check each 
part and its connection until the trouble is 
located. 

With both oscillators performing as they 
should, the only other source of possible 
malfunction is the audio amplifier stage 
and its associated components. Touching 
the tip of a screwdriver to the control grid 
pin of the 1U4 (pin #6) should produce a 
click or thump in the headphones. If it 
does not, look for trouble between the 
plate of the 1R5 and the remainder of the 
audio circuit up to and including the head- 
phones, using voltage and resistance meas- 
urements. Remember that the headphone 
jack must be insulated from the panel, 
otherwise the "B" battery will be short - 
circuited. The B-l- to B- check suggested 
in the first paragraph under "Testing the 
Complete Metal Locator" would have re- 
vealed such a short circuit -if it exists - 
provided that the circuit has been connect- 
ed as shown in the pictorial diagram and 
schematic. The author assured good in- 
sulation here by drilling a 3/4" hole for the 
headphone jack sleeve and using large 
shoulder washers on each side of the hole. 
52 

Top (left) and bottom (above) views of 
chassis, showing location of components. 

Adjusting and Using the Metal Locator 
There are two alternative methods of 

using the locator; one is more sensitive 
than the other, but is less convenient and 
requires more careful adjustment. 

1. High Sensitivity Method -Strap the 
locator cabinet to your shoulder and con- 
nect the headphones and search assembly. 
The main tuning dial should be within 
easy reach of pour left hand. Hold the 
search coil a few inches from the ground 
and adjust the tuning until you hear a low - 
pitched fundamental (loud) beat note, 
about 30 cycles per second or so. Move 
forward slowly as you sweep the search 
coil from side to side parallel to the ground. 
An approach to metal will be indicated by 
a sharp rise in pitch of the tone. The dis- 
advantage is that the sound is audible at 
all times and may become annoying. 

2. Medium Sensitivity Method -Adjust 
the tuning very carefully, starting with 
maximum capacitance of the main variable 
capacitor, until the oscillators just barely 
lock in. This will be shown by a complete 
cessation of the beat note. The note will 
reappear abruptly when metal is ap- 
proached, so that one may operate in com- 
plete silence until the metal mass an- 
nounces itself. 

Sensitivity is somewhat lower for this 
method than for method 1, because there 
must be a larger change in inductance of 
the search coil to produce an audible indi- 
cation. This is because the two oscillators 
are "locked" together, and tend to remain 
locked until an appreciable change in in- 
ductance takes place. In method 1, the os- 
cillators are not locked, and any minute 
change in inductance of the search coil will 
result in a change in pitch of the audible 
belt note. The ear is quite sensitive to 
small changes in pitch, so method 1 results 
in a detector of high sensitivity. 
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Penetration 
The depth to which the locator pene- 

trates depends upon three factors: (1) the 
mass of the metal, (2) the kind of metal - 
purity, conductivity, etc., and (3) the con- 
dition of the soil. To provide the reader 
with some idea of what might be expected 
of the instrument, the author performed 
the following experiments: 

(a) Dry soil, galvanized iron trash can 
cover, buried approximately 31 feet un- 
derground, was easily detected. 

(b) Dry soil, same location, an aluminum 
snow shovel measuring about 15" x 18" was 
detected at a depth of about 3 feet. 

(c) An 8" roll of copper wire, weight 
about 11/2 lb., was located without diffi- 

culty at a depth of 3 feet. 
(d) Wet soil reduces penetration by 

about 10'/ for objects above. 
(e) Steel reinforcing rods were easily 

located in a 12" concrete retaining wall 
and exact spacing accurately determined. 

(f) BX cables in plaster and plaster 
board walls were located precisely. 

(g) A 275 -gallon steel oil tank was "lo- 
cated" at a distance of 6 feet through the 
foundation wall of a building. 

(h) A buried sewer "cleanout" cover 

Over -all view of the complete unit with 
shoulder carrying strap (below) and rear 
view with cover removed (right), indi- 
catùng how batteries are held in place. 

was found at once although it was covered 
by a thick layer of concrete topped by 
about 5 inches of wet soil. 

How If Works 

The two oscillators operate at frequen- 
cies around 2 mc. When their frequencies 
are within 10,000 cycles of each other, a 
high pitched beat note is heard as a result 
of the mixing in the 1R5 converter tube; 
the 1U4 audio amplifier intensifies the beat 
note so that it is sufficiently loud to be 
heard even in noisy locations. Assuming 
that the oscillators are adjusted to pro - 
duce a beat frequency of 300 to 500 cycles 
per second, an approach to metal with the 
search coil causes the induction of eddy 
currents in the metal mass. According to 
a well -known electrical law (Lenz's Law), 
the magnetic field gènerated by these eddy 
currents in the metal opposes the field of 
the search coil. This is reflected back to 
the search coil as an effect which reduces 
its inductance. Since the search coil is the 
tank inductance of one of the oscillators, 
any change in its inductance causes a pro- 
portional change in the frequency of oscil- 
lation; this, in turn, changes the pitch of 
the beat note sharply. 
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ALUMINUM SUPERSTRUCTURE 
(FLAT BLACK PAINT) 

2050 THYRATRON 

LENS (IOem f I.1 

SENSITIVITY CONTROL 

ON -OFF TOGGLE SWITCH 

HYRATRON PHOTOTUBE RELAY 

BY RECESSING THE TUBE SOCKETS in a 
standard 5" x 7" chassis and building a 
small aluminum superstructure to shield 
the phototube and support the lens, a very 
pleasing, trim appearance was achieved in 
this phototube relay without adding to its 
cost. Incorporated in its design are other 
features which assure excellent sensitivity 
to small changes in light, almost complete 
immunity to excitation from extraneous 
light sources, insignificant operating power, 
and so little heat generation that it may 
bb used in tight, unventilated spots. 

The circuit is set up to trigger a relay 
when the light beam is interrupted. This 
kind of response is well suited for use in 
burglar alarms, doorway annunciators, 
counter activators, or any other device 
where a reaction is desired when some- 
thing or somebody blocks the energizing 
light beam. The unit is equipped with a 
built -in a.c. power receptacle to provide 
117 volts a.c. when the relay is activated. 
Thus, any indicator such as a lamp, a bell, 
or a motor designed for use at the line 
voltage may be plugged into the receptacle 
directly for photoelectric control. 

A 2050 thyratron is used as the trigger 
tube. Designed specifically for relay appli- 
$4 

cation, this inexpensive gas -filled tetrode 
makes for fast, positive pull -in action. The 
thyratron draws no current at all through 
the relay when its control grid voltage is 
negative enough to prevent ionization; in 
this state the device is inactive except for 
the small heater current in the thyratron. 
But when the light beam is interrupted, 
the change in phototube current re- 
duces the bias to the point where the thy- 
ratron fires. As the firing action is very 
sudden, the plate current rises from zero 
to its maximum figure almost instanta- 
neously, resulting in the elimination of re- 
lay "chatter." This "all -or- nothing" be- 
havior of the thyratron makes it ideal in 
photoelectric applications. 

The phototube used in this unit is an 868 
gas -filled type. Its sensitivity to small 
changes in light intensity permits the use 
of less powerful light sources than would 
be required with a vacuum phototube. 
Proper precautions have been taken to 
prevent the application of too much volt- 
age to the phototube elements- precau- 
tions especially necessary with gas -filled 
types. 

An inexpensive magnifying lens intensi- 
fies the beam falling on the sensitive photo - 
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joining their pigtails in mid -air; always. 
plan for terminal strips on which smal . 
parts may be mounted to lend rigidity tc 

the assembly. Note that the 8 pfd. elec- 
trolytic capacitor is held in place by wirirq 
it to the relay solder lugs, while the re 
sistors terminate at terminal strips, active 
tube pins, or inactive tube pins as the case 
may be. The practice of using inactive 
lugs on tube sockets as tie -points -such a 
lugs #1 and #3 on the phototube socket - 
is highly recommended. 

After the wiring is finished, check it vis- 
ually by tracing it against the schematic 
diagram to make sure there are no errors. 
Leave the lens superstructure off for the 
moment, and plug the relay into the 117 - 
volt a.c. line with the "on -off" switch in 
the "off" position. Set a bright light (a 
100 -watt lamp will do nicely) about four 
feet from the phototube, rotate the sensi- 
tivity control fully counter -clockwise, and 
move the switch to the "on" position. Allow 
the unit to heat for about one minute, then 
rotate the sensitivity control clockwise 
slowly until the relay click is heard; now 
back the sensitivity control off in a coun- 
ter- clockwise direction until the relay 
clicks once again. The phototube relay is 
now ready to operate. Interruption of the 
light beam will cause the relay to op- 
erate, and any 117 -volt device plugged into 
the a.c. receptacle at the rear of the 
chassis will be subject to photoelectric 
control. 

For commercial annunciator or burglar 
alarm applications, a small light source is 
necessary to supply a more -or -less parallel 
beam for energizing the phototube. A suit- 
able arrangement is shown in the accom- 
panying drawing; it involves the use of a 

30 candle -power automobile headlight lamp 
available at any auto supply store, a 6.3- 
volt step -down transformer having a sec- 
ondary rated at a minimum of 2 amperes, 
and a magnifying lens of the same type as 
used in the phototube superstructure. The 
only mechanical requirements to be met in 
building such a light source are that the 
lens be movable to permit accurate focus- 
ing and that sufficient ventilation be pro- 
vided so that overheating does not occur. 
The author has constructed several such 
light sources in which the case is made of 
plywood and the headlight lamp socket 
slides between a pair of wooden rails. Once 
the position of the lamp is adjusted with 
respect 4o the lens, it need never be 
touched again, so elaborate focusing ar- 

rangements are unnecessary. 
Troubleshooting 

The straightforward circuit used in this 
unit has so few parts that it is difficult to 
imagine anything going wrong with it if it 

Solve your light- operated relay 

problems with this inexpensive 

easily constructed unit. Details 

on a light source are included. 

2050 THYRATRON 

-868 PHOTOTUBE 

cathode. It helps improve the sensitivity 
of the relay and assists in the rejection of 
undesired light from sources other than 
the energizing one. The lens used in the 
author's model has a focal length of 10 cm. 
(approximately 4 inches). The photo- 
cathode should be placed so that it is about 
75 per cent of the focal length away from 
the lens -in this case a distance of ap- 
proximately 3 inches. If a lens of a 
different focal length is used, plan to 
mount the phototube so that this relation- 
ship still applies. For instance, if the lens 
has a focal length of, say, 3 inches, the 
phototube should be placed so that its 
cathode is approximately 2% inches behind 
the lens (.75 X 3 = 2.25). To find the focal 
length of an unknown lens, measure the 
distance betWeen a sheet of white paper 
and the lens when a sharp image of a 
distant building is formed on the paper. 

Construction 

Try to follow the layout shown in the 
photographs as closely as possible. The 
lengths of the wire connections are not 
critical, but shart leads make for a neater 
over -all job. Resistors and capacitors h i a navar ha magic. "calf- cunnnrtine by 
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PHOTOTUBE 
SOCKET 

LUG NE. I USED 
OS TIE POiNTONL' 

RELAY THYRATRON 
SOCKET 

FILAMENT 
TRANSFORMER 
(117V. DOWN TO 

6.3V. A.C.) 

TERMINAL 
STRIP 

Underchassis view of the control box of the thyratron phototube 
relay showing the actual placement of parts and wiring details. 

Schematic of the phototube relay. 

)retails on a suitable light source. 

VENTILATINGT 
MOLES PLYWOOD CADE 

LIN: CORC 

uTa.<c 

3D CANDLE POWER 
AUTO LAMP 

5 TO 10 Cm, 
FOCAL LENGTH 
ENS 

ARALLEL 
BEAM 

CONTROL BOX 
R1 -3900 ohm, 2 w. res. 
R2 -2000 ohm, 1 or 2 w. carbon pot. 
R3 -1000 ohm, 1 w. carbon res. 
R4 -3.9 megohm, 1 w. res. 
CI -8 /dd., 450 v. electrolytic capacitor 
R1,I -5000 -ohm relay s.p.s.t., normally open, Pot- 

ter and Brumfield Type LMI or LSI 
SI- S.p.s.t. toggle switch, Birnbach Type 6200 
SOl -A.c. receptacle, molded -in -plate type, Am- 

phenol Type 61- MIP -61F 
TI- Filament transformer, 6.3 v., 1 a. secondary, 

Thordarson Type 21F08 or equivalent 
V1 -2050 tube (thyratron) 
V2--868 tube (phototube) 
1 -5" x 7" black crackle finish steel chassis, Bud 

Type CB -628 
2- Socket shells, Amphenol Type 23 -IS 
I -Octal socket, Amphenol Type 78 -S8 
1 -4 prong socket, Amphenol Type 78 -S4 
1 -4 terminal soldering lug strip 
1 -Line cord and plug 
Sheet metal for lens holder and phototube hood 

("superstructure") 
Screws, nuts, wire, and solder 

LIGHT SOURCE 
I -Line cord and plug 
1- Filament transformer, 6.3 v., 2 a. secondary 

(Merit Type P -2945 or equivalent) 
1 -30 candle power auto lamp 
1- Single- contact bayonet base socket 
1- Convex lens, focal length from 5 to 10 cm. 
Plywood for case and wood for base block, track, 

and sliding socket block (see drawing) 
Screws, nuts, wire, solder, hardware for assem- 

bling wooden parts 
Total cost of parts, approx. 517.50. 
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is correctly wired. Assuming that the cir- 
cuit has been carefully checked after wiring 
and that all leads terminate at the proper 
tube pins and tie -points without open or 
short circuits, certain defects in the com- 
ponents may cause the kinds of troubles 
listed below. The only instrument required 
for testing is a vacuum -tube voltmeter 
having an ohms range or a high -input re- 
sistance multitester. 

Relay fails to pull in at any setting of 
R2 -Make certain the thyratron heater is 
glowing; remove the phototube from its 
socket and if the relay clicks down now, it 
is an indication that too much light is 
reaching the phototube when it is in place. 
If the relay still does not operate, look for: 

1. A defective thyratron 
2. A defective relay 
3. R3 open 
Relay fails to open at any setting of R2- 

This is generally an indication of insuffi- 
cient negative bias on the control grid (pin 
#5) of the thyratron. It may be due to 
one or more of the following causes : 

1. Defective phototube 
2. Defective thyratron 
3. Insufficient light on the phototube 
4. Rl open 
5. Cathode of the thyratron shorted to 

the lower a.c. leg of the line (as shown on 
schematic diagram) 

Relay chatters -This is an indication of : 

1. Defective capacitor Cl (open) 
2. Capacitor Cl incorrectly polarized 

(plus and minus connections reversed) 
Relay operates properly but no a.c. is 

available at receptacle -This trouble is 
easily localized. Either the relay contacts 
are not coming together, because of de- 
formation of armature or fixed contact 
arm, or the contacts are badly oxidized. 
Oxidation may be removed by using fine 
sandpaper (not emery paper or cloth). 

Thyratron heater does not light -Check 
the line cord for continuity, then make sure 
that line voltage appears on the transform- 
er side of the switch Sl. If the switch 
works, the trouble then lies in: 

1. Defective thyratron 
2. Defective 6.3 volt step -down trans- 

former 
One final precaution: Gas -filled photo - 

tubes are very sensitive to extremes of 
light. Be sure to keep direct sunlight away 
from the phototube and, when artificial 
light is used, don't use too strong a source. 
A 100 -watt lamp about four feet away is 
just about the most powerful light that 
should be used. - 

Pictorial diagram of the control box. Relay energizes external 
circuit when light shining on the phototube is interrupted. 
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Kelp Divi 
with thisRAIN ALARM" 

DOES THE LADY OF the house have to keep 
an eye open for clouds whenever she hangs 
out the laundry? When there's a heavy 
storm, is it necessary to keep checking the 
basement for possible water leaks? Has 
anyone ever turned on the sprinkler to 
water the lawn, lain down for a short nap, 
then awakened to find that a storm had 
come up and water was being wasted on 
a lawn already soaking from a torrential 
downpour? Has anyone ever left the top 
down on a convertible in the evening, had 
showers during the night, and had to drive 
to work in a wet car? 

If the answer to any of these questions 
is "yes," or if rain, moisture condensation 
or water leaks are likely to introduce 
problems in a personal or business life, 
then here's a handy little gadget that will 
help reduce future worries -a novel "rain 
alarm" so sensitive that the slight moisture 
condensing from one's breath on its sensor 
plate is enough to operate it. 

Yet with all its amazing sensitivity, the 
rain alarm uses a very simple circuit re- 
quiring but a single vacuum tube. It is 
quite easy to assemble and a cinch to use. 
An experimenter or home builder of aver- 
age skill should have no difficulty assem- 
bling and wiring his own unit in one or 
two evenings or on a weekend. 

Assembling the Rain Alarm 
Because of the simple circuit employed, 

relatively few inexpensive, readily avail- 
able components are required, and these 
are all specified in the parts list. Chances 
are all of the parts will not be found at a 
radio parts distributor, however. It may 
be necessary to pick up the buzzer, lamp 

By EUGENE RICHARDSON 

socket and bulb, and one or two other 
items at a local hardware store. 

The complete rain alarm consists of two 
independent units - thg "Control Box," 
which includes the electronic circuits as 
well as the alarm signaling devices, and 
the "Sensor Plate" which detects the pres- 
ence of moisture. A length of twin con- 
ductor lamp cord is used to connect the 
two units. 

The Control Box: The complete elec- 
tronic circuit shown in the schematic dia- 
gram is assembled in the control box. 
Wiring and layout are not critical and lead 
dress is not too important. However, a few 
construction hints should be of help in 
avoiding errors and in making sure that the 
unit works the first time it is turned on. 

A single piece of sheet metal measuring 
approximately 31/2" x 514" is bent to form 

117L7/M7 

TO 
SENSOR 
PLATE" 

CONTROL 
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