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THE 1 AND ONLY 

8" TRIAXIAL SPEAKER- 

MODEL 308 

BY 

No other speaker like itl An 8'' 3 -way speaker- idea for 

hi -fl installations where space is at a premium and quality is 

not to be compromised. Response down to better than 50 

cycles, provided by voice coil and diaphragm operated with 

the exclusive University Alnico -5 "W" magnet. Rich, full-bodied 
mid -range is achieved through the use of the patented "Diffusi - 
cone" section of the unit, crossing over at 1,000 cycles. The high 

frequency reproducer, a compression driver unit wide angle 
tweeter which extends to 15,000 cycles, crosses over electrica ly 

at 5,000 cycles. Impedance 8 ohms, power capacity 25 watts 

BY 

A new advance by University in the 12" field. Full range 

response from 40 cycles to inaudibility. Employs the 

"Diffusicone" principle for full-bodied mid -range and the 

HF -206 Super Tweeter for clean, brilliant highs. Built-in 

L/C network and "balance" control permit you to adjust 

tonal quality to your own listening tastes. All -Alnico -5 

exclusive University "W" magnet and duraluminum 
voice coil suspension in woofer section results in deep 
and highly efficient bass response. 8 ohms impedance, 
25 watts power capacity. 

Custom Design For fWo/N7 Speaker Systems 

Fine Speaker Enclosures Engineered To Acoustically Enhance 
The Performance Of University Speakers ... Tastefully Styled To 

Complement The Decor Of Your Home Rather Than Dominate It 

EN -15 
The best features of rear horn loading, 
phase inversion, and direct radiation are 
integrated to result in a highly efficient, 
extended range enclosure capable of 
unusual power handling capacity and 
excellent transient response. Ideally 
suited for the Model 312 or Model 315 
Triaxiot speakers, or any of the other fine 
12" or 15" University speakers. Avail- 
able in cherry or blond mahogany et no 
extra cost, or unfinished. 

The EN -15 comes equipped with adapter 
boards for mounting 2 or 3 -way combino - 
tiens of Un rersity woofers and tweeters. 

EN -8 
Utilizes a combination of rear horn loading for 
unexcelled power handling and distortion con- 
trol,end tuned horn mouth for phase inverter 
action for increased bass efficiency. The perfect 
enclosure for the Model 308 Triaxial speaker 
or Diffusicone-8. Available in cherry or blond 
mahogany at no extra cost, or in unfinished 
mahogany. 

The EN -8 has cut-out for University tweeters 
for use with 8- woofer or other cones. 

IT'S A 

3 -WAY WONDER- 

MODEL 315 TRIAXIAL 

BY 

Reproduces the entire range, from 30 cycles to inaudi- 
bility with such amazing clarity and presence that the 
superiority of t -ris unit is readily obvious. Bui'f around the 
sensational C15W woofer assembly, mid -range is pro- 
vided by the patented "Diffusicone" device, while the 

clean and brilliant highs are reproduced by a compression 
driver unit with wide angle horn through an L/C electrical 

network crossing over et 5,000 cycles. Impe 
dance 8 ohms, power capacity 50 watts. 

Model 6200 Extended Ronge Speaker 
Full bodied response to beyond 10,000 cycles 
makes it ideal for radio. TV and phono appli- 
cations. Excellent basic nit. Eight ohms 
impedance, 25 watts poweu capacity. 

Dlfluslcone-8" and 12" Coaxial Speakers 
Exclusive patented "Diffusicone" design with 
1000 -cycle mechanical crossover results in full 
fidelity anywhere in the room ... full undis- 
torted response without loss of highs at listen- 
ing points progressively off speaker axis. Eight 
ohms impedance, 25 watts power capacity. 

Model 6201 Dual Range System 
Acknowledged as tie industry's finest value in 
o high quality 12" loudspeaker. Complete with 
coaxial tweeter driver and wide angle horn, it 
is one of the few true dual ronge systems in its 
price class. Built-in L/C network and balance 
control. Eight ohms impedance, 25 watts power 
capacity. 

For complete Information on the entire University high fidelity line, write Desk 50 

I 
80 SOUTH KENSICO AVENUE, WHITE PLAINS, NEW YORK 

INC. 



BE A RADIO -TELEVISION TECHNICIAN 
America's Fast Growing Industry 
Offers You a Bright Future 

I. I. SMITH, Pre. dent, 
National Radio irstltute, 
has trained more men for 
Radio -Television pian any 
other man. Our 40-h Year. 

I Will Train You at Home 
in Spare Time for Good Paying Jobs in 

RADIO -TELEVISION 
I Trained These Men 

INEdo Money in Spire Time 
"Four months after enrolling... +, 
averaged $10 to $15 a week servic- 
ing sets in spare time. Now have 
full-time business."-William 
Weyde, Brooklyp, New York. 

Chief Teohnklan with Large SMp 
*In a year I opened my full-time 
radio shop NRI ti -airing qualified + 
me as Instructor during war Now . 

Chief Radio and TV Serviceman." -r TELEVISION is -P C Brogan. Louisville. HY , Making 
Quit Los o Mart own rusmess 

Good Jobs, Prosperity 
'I decided to quit my job and do Radio. even without Television is bigger 
television work full time I love my than ever. 115 million home and auto 
work and am doing all right P. radios and 3000 Radio Broadcasting 
not just punching a time clock.' Stations give interesting jobs to service 
-Wm F Kline Cincinnati. Ohio technicians, operators, engineers. NOW 

ADD TELEVISION. 25 million TV 
homes and the total growing rapidly. 
200 Television stations on the air, 
hundreds more under construction. 
Color Television soon to be a reality. 
All this adds up to good flay now, a 

Video Control Engineer 
"My position with WNBT is 
video control engineer on the 
RCA color project. I owe a lot of 
my success to your textbooks." 
Warren Deem, Malveme. N. Y. 

You Practice Broadcasting -Servicing 
with Kits of Parts I Send 

America's Fast Growing Industry Offers You 

GOOD PAY- BRIGHT FUTURE - SECURITY 
Training PLUSopportunity is the 
PERFECT COMBINATION for 
job security, advancement. When 
times are good, the trained man 
makes the BETTER PAY, gets 
PROMOTED. When jobs are scarce, 
the trained man enjoys GREATER 
SECURITY. NRI training can 
help assure you and your family 
more of the better things of life. 

Start Seen te Make $10, $15 
a week Extra Fixing Sets 

An important benefit of my Radio - 
Television training is that you can 
start to cash in fast. I start sending 
you special booklets that show you 
how to fix sets the day you enroll. 

bright future for men who qualify. Multitester you build with parts I 
send helps you discover and correct 
troubles, helps you make money 
fixing neighbors' sets in spare time 
while training. Many NRI students 
make $10, $15 a week extra this way. 

Nothing takes the place of practical experience. That's why NRI My training is practical, complete. 
training is based on learning by DOING. My training includes 

I d 
i practical experience on circuits common to both Radio and Tele- 

vision. Shown a left is the low .. wer Broadcasting Transmitter you 
build as part of my Com- 
munications Course. Also 
shown is modern Radio 
you build as part of my 
Servicing Course. My free 
book tells about other 
equipment you build. Mail 
coupon. All equipment is 
yours to keep. 

special y developed kits of parts you use to buil equipment and get 

AVAILABLE TO 

VETERANS 
UNDER GI BILLS 

"APPROVED MEMBER, NATIONAL HOME STUDY COUNCIL" 

You benefit by my 40 years' experi- 
ence training men at home. My well - 

illustrated lesions give you basic 
principles you need, and my skillfully 
developed kits of parts "bring to 
life" things youlearn from the lessons. 

Find Oat About Ibis Tested Way 
te letter Pay -Man Cowen 
Without obligating you in any way, 
I'll send an Actual Lesson to prove 
that my training is practical, thor- 
ough. My 64 -page book, "How to be 
a Success in Radio -Television shows 
what my graduates are doing, earn- 
ing. It gives important facts about 
your opportunities in Radio -Tele- 
vision, tells about kits I furnish for 
practical experience. You don't have 
to leave home or give up your job to 
take NRI course. You learn at home 
in your spare time on terms as low as 
$5 a month. Many of my graduates 
make more than the total cost of my 
training in just two weeks. Mail 
coupon below now to J. E. SMITH, 
President, National Radio Insti- 
tute, Dept. SI3D4,. Washington 9, 
D. C. Our 40tTll Yesr. 

MR. J. E. SMITH, President, Dept. SBD4 
National Radio Institute, Wathington 9, D. C. 

Mail me Sample Lesson and 64 -page Book, FREE. 
,No salesman will call. Please write plainly.) 

Name 

Addreaa 

City- 

VETS Weir* w -. 

Age 

POPULAR ELECTRONICS is published monthly by Ziff -Davis Publishing Company, William B. Ziff, Chairman of the Board (1946- 
19 3) ca at 64 E. Lake St., Chicago 1, III. Entered as second lass matter August 27. 1954 at the Post Office. Chicago. Illinois. 
SUSCRIPTION ; One Year U.S. and possessions, and Canada $3.00; Pan-American Union Countries $3.50; all other foreign 

countries $4.00. 
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TRAIN FOR A FUTURE IN 

IT'S THE ACTUAL SHOP TRAINING AT 
COYNE THAT 

Prepare quickly at Coyne for a with c future! 
Trained men are vitally needed now whether 
17 or up to 45.Get a better rating, if drafted- 
an essential job in industry, if not in A FIELD` 
THAT OFFERS A REAL FUTURE. 

WE TRAIN YOU IN CHICAGO 
Learn the easier, practical way at Coyne, on 
real, full size equipment. No advanced education or previous 
experience needed. You learn better the Coyne way. 
Trdn In the shops of Coyne-where thousands of successful men 
have trained for over 55 years-Coyne is the largest, oldest, best 
equipped school of its kind-established in Chicago in 1899. 

FINANCE PLAN Enroll now. You may pay most of 
tuition later. We have a special plan for men of draft age. 

CLIP COUPON NOW for big new illustrated Coyne 
book. No obligation; no salesman will call. Get vital facts now! 

APPROVED 
FOR 

VETERANS 

A TECHNICAL INSTITUTE CHARTERED NOT FOR PROFIT 
500 5 PAULINA. CHICAGO, Dept. 25-71-H 

ELECTRICITY * RADIO * TELEVISION * REFìIGERATION * ELECTRONICS 

MAKES THE DIFFERENCE! 

Mail ea". 
doe/ 104 

BIG FREE 
BOOK 

Check whether interested IS 
ELECTRICITY or TELEVISION - 

RADIO or both. 

B. W. COOKE Preeldeat 
I COYNE ELECTRICAL SCHOOL 

500 S. Pauline St., Chicago 12, III.. Dept. 2k11 -H 

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

ELECTRICITY J TELEVISION -RADIO 

Name 

Address 

City State 
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ITEMS OF INTEREST 

This Month's Cover 8 

Antenna from Steel Tape 
New Low Cost TV Towers Made of Aluminum 
Solar Energy Operates Midget Transmitter 
Clothespins Provide Pair of "Extra Hands" 
Aluminum Jaws Protect Work in Vise 
Simple Filter Blocks Interference to TV 
R/C Carts Speed Loading in Warehouse 
Radio and TV Pioneers Meet 
An Amazing Receiver 
First Transistorized 20 -Watt Audio Amplifier 
The Why of Hi-Fi 
Hints on Buying U. S. Equipment Abroad 
Easily Made TV Lamp 

NEW PRODUCTS 

36 

47 

47 

48 

68 

79 

80 

80 

90 

92 

100 

III 
113 

New Theremin Makes Music Electronically.. 36 
(R. A. Moog Co., 51-09 Parsons Blvd , Flushing 55, 
N. Y.) 

Economical Kif Builds Hi-Fi AM Tuner.. 47 
(Approved Electronic Instrument Corp., 928 Broad- 
way, New York 10, N. Y.) 

Portable Radio for Loudspeaker or Headphone 47 
(Distributed by R. I. Mendels, Inc., 41 E. 42nd St , 

New York, N. Y.) 

A New Receiver for Radio Control 65 
(American Telasco Ltd., Huntington, N. Y.) 

A Portable Geiger Counter 65 
(Technical Associates, 140 W. Providencia Ave , 

Burbank, Calif.) 

If you are unable to find these listed products locally, 
write direct to the manufacturers at the addresses given. 
Also see the monthly review of new items of interest to 
the electronic hobbyist in "Tools & Gadgets" appearing 
on pages 93 and 94 of this issue of POPULAR ELECTRONICS. 

i 

EMC EXCLUSIVE 

COMING NEXT MONTH 

POPULAR ELECTRONICS 

An Automatic Light Switch for the Home 
A Frequency Meter Monitor for Ham 

Stations 
Power Supply 
What We Hear 
How to Acid Extension Speaker 

Plus More On 
High -Fidelity Audio Kits Radio 
Control Short -Wave Listening 
What's New How It Works How to 
Make It How to Use It Carl & Jerry 

IN THIS MONTH'S 

RADIO & TELEVISION NEWS 

(February) 

A Preselector for the SWL 

"Mobile Meter" of Many Uses 

A 60 -watt "Ultra -Linear" Amplifier 
Radio Licensing and the FCC 

A "Universal" Counter 
Intermodulation Distortion Tester 

BASIC SERVICE SHOP TEST 
EQUIPMENT for only $6855* 

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

=s 

EMC model 106 
VTVM 

Price of this individual unit 
Model 106 (wired and 

tested) $35.90 
Model 106 (in kit form) $23.90 
Accessory probes available 

HOW TO GET IN ON THIS SENSATIONAL OFFER! 
Start your own service shop with professional precision test equipment at solid savings plus the free 
Picture Tube Adaptor and Instrument Stands given in this special EMC offer. 
Go to your favorite local jobber, purchase the above three instruments (Models 106, 500, 208), mail the 
three enclosed guarantee cards to EMC and receive by return mail your free $6.46 worth of 
valuable accessories. This is a limited offer so act TODAY! 

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

for model 208) $4.50 
2 Model IS (Instrument stands) L96 

Total retail cost if purchased $6.46 

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

tested) $29.75 
Model 500 (in kit form) $19.75 

EMC model 208 
Tube Tester 

Price of this individual unit 
Model 208 (wired and 

tested) $24.90 
Picture tube adapter available 

Write Dept. PE -2 for new complete catalog of precision test equipment TODAY! 

BE M ELECTRONIC MEASUREMENTS CORP. 
ano LAFAYETTE STREET, NEW YORK 12. N. Y. 

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

Note these instruments can be purchased 
individually. 
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INVENTORS 
Learn how to protect your invention. The U. S. Patent 

Laws provide that any new and useful art, machine, article of 
manufacture, or composition of matter, or any new and 
useful improvement thereof, may be patented if the act of 
invention is involved. Therefore, every inventor with a 
valuable invention should take advantage of the Patent Laws 
and proceed for patent protection in order to safeguard 
his rights. 

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

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

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

CLARENCE A. O'BRIEN & HARVEY JACOBSON 
Registered Patent Attorneys 

59-B DISTRICT NATIONAL BUILDING 

WASHINGTON 5, D. C. 
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LONG-PLAYING 334 R.P.M. HIGH-FIDELITY I 

MASTERPIECES 
COMPLETE TO THE LAST NOTE! $ 00 
NOT $1 EACH, BUT $1 FOR ALL 8! 

NOW you can get a real start 
on a complete record collec- 
tion. Yes, you get ALL EIGHT 
of these great masterpieces - 
complete to the last note - 
for only $1.00! 

Why We Make This 
Amazing Offer 

We were FORCED to make 
this "give-away" offer - for 
only by putting our records in 
your hands can we demon- 
strate their wonderful quality 
and extreme value. Performed 
by Internationally renowned 
orchestras and artists. Cus- 
tom -pressed on purest vinyl 
plastic. Reproduced with a 
tone fidelity encompassing 
the entire range of human 
hearing...50 to 15,000 cycles! 

Mail Coupon Now 
As a Trial Member of the Mu- 
sical Masterpiece Society, you 
are not obligated to ever buy 
another record from us. You 
do have the right to try - 
free of charge - any of the 
Society's monthly selections 
you wish. You receive prior 
notice of these and pay Netherlands Phil. 
nothing in advance. Those Walter Goehr, Cond. 
you want are sent to you for 
FREE trial. After 5 days, the 
records you decide to keep are billed you at the low Mem- 
bership Price of only $1.50 per disc (average playing time 
40 minutes). You save 2/3 the usual retail price( And, on 
this sensational demonstration offer, you start your col- 
lection with these EIGHT masterpieces for only $1. But 
production capacity 'limits our membership rolls; when 
they are filled this offer must be withdrawn. Avoid dis- 
appointment. Rush coupon with a dollar today! 

Ì Musical Masterpiece Society, Dept. 602 
43 West 61st St., New York 23, N. Y. 

ALL 8 MASTERPIECES-$1.00 
I enclose $1.00 as complete payment. Please send me 

ALL 8 of the masterpieces listed above and enroll me as a 
Trial Member. 

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

In the future, for each selection I decide to keep, I will 
pay special Member's Price of only $1.50 plus a few cents 
for shipping ...saving 2/3 off the usual retail price! 

SCHUBERT 
Symphony No. 8 

("Unfinished") 
Zurich Tonhalle Orch. 
Otto Ackermann, Cond. 

BEETHOVEN 
The Ruins of Athens 

(March and Choir) 
Netherlands Phil. 

Waiter Goehr, Cond. 

BRAHMS 
Academic Festival 

Overture 
Utrecht Symphony 

Paul Hupperts, Cond. 

MOZART 
Piano Concerto in E Flat 
Artur Balsam, piano 

Winterthur Symphony 
Otto Ackermann, Cond. 

BACH 
Toccata and Fugue in 

D Minor 
A. Schreiner; Organ of 

the Tabernacle, 
Salt Lake City 

WAGNER 
Die Meistersinger, 
Prelude, Act 1 

Zurich Tonhalle Orch. 
Otto Ackermann, Cond. 

L 

DUKAS 
Sorcerer's Apprentice 
Utrecht Symphony 

Paul Hupperts, Cond. 

MUSSORGSKY 
Night on Bald Mountain 

Name 

Address 701 

City State 
In Canada, address: 686 Bathurst St., Toronto 4, Ont 

This Month's Cover 
ONE of the world's most fascinating 

and worthwhile hobbies is amateur 
radio. Proof of that statement lies in 
the fact that "hamming" has captured 
the imagination of such a diversified 
group of people throughout the world. 

The amateur roll -call includes all 
age groups from 7 -year -old first grad- 
ers to the real "old timers" in both 
age and radio experience. Clergymen, 
doctors, lawyers, showfolk, engineers, 
students, Boy Scouts and Girl Scouts, 
housewives, businessmen, and lots of 
folks like you and me are proud holders 
of coveted FCC "ham" licenses. 

With the recently adopted Novice 
ticket available, almost anyone can 
qualify for his ham license. No matter 
how limited the space for a "ham" 
shack, you can get on the air. 

This month's issue carries several 
articles of particular interest to the 
ham or would-be ham, including a nos- 
talgic piece "Return of the Prodigal 
Ham" (page 88), construction details 
on a compact unit, "Build this CW 
Transmitter" (page 26) which is suit- 
able as a "first transmitter", and "Go- 
ing on the Air" which is Part 5 of the 
current "So You Want to Be a Ham" 
series (page 53). 

The amateur radio hobby can be as 
elaborate or as simple as you wish, 
you can operate with powers of less 
than a watt or can pour hundreds of 
watts into the ether; your equipment 
can cost thousands of dollars or can be 
built for less than 10 bucks! EDITOR 

(Cover painting by Leo R. Summers) 
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set IN ON 

L. C. lane, B.s., M.A. 
President, Radio -Tele- 
vision Training Asso- 
ciation. Executive 
Director, Pierce School 
of Radio & Television.. 

TRAIN FOR A HIGH PAYING JOB AS A TELEVISION TECHNICIAN 

NO PREVIOUS EXPERIE E NEEDED - study AT HOM "' your SPARE TIM 

Next to the atom and hydrogen bombs, the biggest 
noise being made today is by the booming radio - 
television -electronics industry. 
Now, while the boom is on in full force, is the time 
for you to think about how you can share in the high 
pay and good job security that this ever-expanding field 
offers to trained technicians. 

Just figure it out for yourself. There are more than 400 
television broadcasting stations operating right now 

(.W 1sMPhene 

t,enrm n. 

and hundreds more to be built; more than 30 million 
sets in the country and sales increasing daily. By 1955 
moderately priced color television sets will be on the 
market and the color stampede will be on. 

All these facts mean that good jobs will be looking for 
good men. You can be one of those men if you take 
advantage of my training now - the same training that 
has already prepared hundreds of men for successful 
careers in the radio -television -electronics field. 

No experience necessary! You learn by practicing with professional equipmen 
I send you. Many of my graduates who now hold down good paying technicia 
jobs started with only grammar school training. 

previous Armed Forces or civilian radio experience you ca 

finish your training several months earlier by taking my FM -TV Technicia 
f s°nerxel Course. Train at home wish kits of parts, plus equipment to build BIG SCREEN 

.""'' TV RECEIVER. ALL FURNISHED AT NO EXTRA COST! 

After you finish your home study training in the Radio -FM -TV Technicia 

Course or the FM-TY Technician Course you get two weeks, 50 hours, o 

intensive laboratory work on modern electronic equipment at our associat 

school in New York city, Pierce School of Rodio A Television. 

THIS EXTRA TRAINING IS YOURS AT NO EXTRA COST WHATSOEVER. My 

courses are complete without this extra training, however. It is just an added 

opportunity for review and practice. 

-ta" a (embn n Voi 

RADIO -FM -TV 
TECHNICIAN 

TRAINING 

FM -TV 
TECHNICIAN 
TRAINING 

EXTRA 
LABORATORY 
TRAINING IN 
NEW YORK 

CITY 

AT NO EXTRA 
COST! 

VETERANS 
My School fully approved to train vet- 
erans under new Korean G.I. Bill. 
Write discharge date on coupon. 

Pub. Addrn, cries AmmenrOhmmel<r 

LEARN BY D(f!^fG As part of your training, I give you enough equipment to 
set up your own home laboratory and prepare for a BETTER PAY TV job. You build 
and keep a professional GIANT SCREEN TV RECEIVER complete with big picture 
tube (designed and engineered to take any size up to 21 -inch) . . . also a Super. 

Net Radio Receiver, RF Signal Generator, Combination Voltmeter -Ammeter -Ohmmeter, 
(-W Telephone Transmitter, Public Address System, AC -DC Power Supply. Everything 
supplied, including all tubes. 

EARN WHILE YOU LEARN Almost from the very start you can earn extra 
money while learning by repairing radio -TV sets for friends and neighbors. Many of 

my students earn up to $25 a week . . . pay far their entire training from spare 

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

FREE FCC COACHING COURSE Qualifies you for Higher Pay! Given to all 
my students AT NO EXTRA COST. Helps you qualify for the TOP JOBS in Radia -TV 

that demand an FCC license! Full training and preparation at home for your FCC 

ado eitA, ,otee- ©nalAtt4t9 444Yeu,tt eilt, 
52 AST 19th STREET NEW YORK 3, N. Y. 

license. 
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MAIL THIS COUPON TODAY! 
no salesman will call! 

Mr. Leonard C. lane, President Deft. E-2 
RADIO -TELEVISION TRAINING ASSOCIATION 
52 East 19th 5tr..,, New York 3, N. Y. 

Deer Mr. Lone: Mall me your NEW FREE 5001, FREE SAMPLE LESSON, and 
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TRANSISTOR 
radio 
oscillator and 
amplifier 
CIRCUITS 

with aaVTHEoN cK7s2 

TRANSISTORS 
How'd you like to experiment with a 
circuit that gets its power from the 
illumination in a room or from the 
application of wet paper to 'a dime? Or 
try experiments with radio, amplifier 
or oscillator circuits? 
You can, using a low cost Raytheon 
CK722 Transistor and a few standard 
parts probably available from your own 
"junk" box. Information on how to 
build these circuits is yours for the 
asking. Simply write Department P3. 
Buy low cost Raytheon CK722 
Transistors from your local Raytheon 
Tube Supplier. 

RaYTHEó 

l.1'fV(vtf1 t)t fMrCt')( )!(N 

RAYTHEON MFG. CO. 
Receiving and Cathode Ray Tube Operations 

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

NUCLEONIC TUBES 
RECEIVING AND PICTURE TUBES MICROWAVE TUBES 

10 

LETTERS 
FROM OUR READERS 

THANK YOU KINDLY, SIRI 

"I 
WANT to say your system of printing 
the pictorial diagram opposite the 

schematic has taught me more during the 
two months of reading POPULAR ELECTRON- 
ICS than all the books I have scoured. It 
is my hope you will continue this prac- 
tice...." 

Morgan P. Daniels, Jr. 
Burlingame, Calif. 

We sure will! 

"I 
DISCOVERED your new publication 
while perusing through the supply of 

assorted periodicals at one of the corner 
newsstands. I found that about a nine - 
second flick through its pages was more 
than a sufficient warranty for purchase 
at the very unusual meagerness of twenty- 
five cents. ..." 

A. M. Heosein 
Yeadon, Pa. 

Thank you, A.M.H.! Letters like this are 
still pouring into our offices. Welcome to 
the ever-growing family of readers of 
POPULAR ELECTRONICS! 

* * * 
TV INFO REQUESTED Li about some information on wave 

traps for TV interference and how to 
make TV boosters for both u.h.f. and v.h.f. 

Roger J. Pike 
Montreal, Quebec 

Thanks for the suggestions. We always 
want to know what our readers would like 
to see in POPULAR ELECTRONICS. One of our 
writers has been assigned to work on this 
very subject, and material on it should 
be forthcoming in the very near future. 

* * * 
A.C. BUZZERS 

"I 
S THERE any buzzer that operates on 

115 volts a.c.? I have tried getting 
one but can't seem to locate it." 

Hal Ronstard, 
Evanston, Ill. 

We've received several queries from 
readers on this same point. Actually, we 
never did recommend the use of a 115 
volt a.c. buzzer. We have suggested bells 
which are generally easier to come by. 
But for the record, there is the Edwards 
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340A buzzer which is rated at 120 volts, 
5 amps, 6 watts and lists for $19.00. On 
the other hand, there is the Edwards 720 
buzzer designed for only 6 volts a.c. and 
listing for $1.00. Another point: these 
items are generally found in greater abund- 
ance in electrical supply houses rather than 
at radio parts jobbers. And, of course, items 
rated at 120 volts can be used on a.c. lines 
that supply 110, 115, or 117 volts. 

* * * 
CHANGE IN RELAY SERIES 

" WENT around to a local jobber the 
I other day to pick up a Potter & 

Brumfield plate circuit relay, 5000 ohms 
LS series. The jobber told me that this com- 
pany's LS series had been changed to the 
LB series. I have no reason to doubt the job- 
ber but I thought I'd check with you peo- 
ple on this. Have you heard anything 
about it?" 

Len Stammer 
Boston, Mass. 

The jobber was right! Potter c& Brum- 
field's LS series has been replaced by their 
LB series. Readers who are building any 
units that call for such a relay in the LS 
series are advised simply to revise LS to 
read LB. 

* * * 
CORRECTION ON TUBE TYPE 

" TARTED out to build the pie -case radio 
S described in your December issue 

(pages 50-51), but ran into trouble with 
the tube you have down there. Your parts 
list calls for a type 1S5, and the article 
itself mentions a type 1S5. But according 
to the RCA Manual,' the 1S5 doesn't re- 
semble the tube shown in your schematic. 
I'd say the tube you show looks more like 
a 1T4. Now, should it be a 1S5, and if so, 
what are the connections for it ? Or, can 
another tube be used?" 

Victor Kingsbury 
Edmonton, Alberta 

We "goofed" on this one, and many alert 
readers have called the mistake to our at- 
tention. Reader Victor Kingsbury is quite 
correct: the tube used in the actual set 
described in our article was a type 1T4, 
and the pin connections shown on our 
schematic are for the I7'4 and not for the 
1S5. The simplest thing to do in building 
this set would be to substitute "1T4" for 
"1S5" wherever mention is made of the 
tube used. Of course, other tube types 
could also be used, with proper connec- 
tions. If you have a 1S5, you can use it 
simply by changing the connections shown 
in the schematic as follows: pin 3 be- 
comes pin 4; and pin 2 becomes pin 5. 

Other tube types that could be used, with 
February, 1955 
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CK722 

TRANSISTORS 
for only $350 each 

through your 
RAYTHEON TUBE SUPPLIER 

Only $3.50 opens up the world 
of transistor circuitry for you. With 

the inexpensive Raytheon CK722 
Transistor there are dozens of 

circuits you can build - learning 
about transistors while you do it. 

See your Raytheon Tube Supplier 
about Raytheon CK722 Transistors. 

He carries them in stock and 
you'll find him very helpful in 

planning transistor experiments. 

RAYTH Eo 

t'.,rel%nre iJl e lecl4oNirJ 

RAYTHEON MFG. CO. 
Receiving and Cathode Ray Tube Operations 

Newton 58, Massachusetts 
RELIABLE SUBMINIATURE AND MINIATURE TUBES 

SEMICONDUCTOR DIODES AND TRANSISTORS 
NUCLEONIC TUBES 

RECEIVING AND PICTURE TUBES MICROWA'' TUBES 

II 



çgft 1955 
ALLIED 

TV & RADIO CATALOG 
THE COMPLETE ELECTRONIC SUPPLY GUIDE 

308 nss " " 
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Everything for Experimenters, 
Builders, Amateurs, 

Servicemen, Engineers and 
Hi-Fi Specialists 

Send for ALLIED'S big 308 -page 
value -packed buying guide to 
everything in TV, Radio and 
Electronics! Largest selections 
of custom TV chassis, anten- 
nas and accessories; FM and 
AM tuners; High Fidelity 
systems and components; 
recorders and phono equip- 
ment; Amateur supplies; test 
instruments; builders' kits; 
industrial electronic supplies -plus the world's largest 
stocks of electronic parts, 
tubes, tools and books. Save 
on everything in Electronics 
-send today for your FREE 
1955 ALLIED Catalog. 

VALUE - 
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PAGES 

ultramodern facilities to SERVE YOU BEST 

ALLIED RADIO CORP., Dept. 79-B-5 
100 N. Western Ave., Chicago 80, III. 
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the connections shown in the diagram are 
the 1T4 and the 1U4. Finally, a type 1U5 
could be used, also following the connec- 
tions shown on the schematic, and ignoring 
the diode plate element (pin 4) included 
in the 1U5. 

* * * 
RESISTOR VS CHOKE IN FILTER 

"I 
N THE schematic for the phonograph 
on page 39 of your December issue, the 

filter in the power supply uses resistors 
R,, R,, and R. in series in the high d.c. 
line. I always thought a choke coil 
should go in this place. Are resistors 
used because of the selenium rectifier, or 
what?" 

Al Sanford 
Seattle, Wash. 

R. is the only resistor which might be 
replaced by a choke coil, but in this case 
the current drain is low enough so that 
very little voltage drop will occur even if 
a fairly high resistance is used. A resist- 
ance of sufficiently high value will give 
just as much reduction in the a.c. ripple 
as a choke coil-and the resistor is cheaper. 
R. is a current limiting resistor to protect 
the rectifier. R. is a voltage dropping re- 
sistor to lower the voltage to the value re- 
quired by the tube filaments. 

* * * 
MAGNETIC PHONO PICKUPS 

")HAVE heard a lot about magnetic phono 
cartridges and how they require pre - 

amplification and record equalization in or- 
der to sound good. Well, I'm not from Mis- 
souri, but I still like to be shown, so I re- 
placed the crystal pickup in my record 
changer with a magnetic one. I made no 
other changes. I have my record changer 
plugged into the 'phono' input on my TV set 
which is the way I've been playing records 
up to now. With the magnetic cartridge, 
the sound is much lower than with the 
crystal-but by turning up the volume con- 
trol, I can still hear my records, and some- 
how, they sound 'cleaner.' Now, does this 
prove anything about magnetic pickups ? I 
mean, if the volume output of the TV set 
were stronger, wouldn't the magnetic pick- 
up work without this involvement in pre- 
amplifiers, etc?" 

Ralph Miller 
New London, Conn. 

Sorry, but the magnetic pickup does re- 
quire preamplification and equalization be- 
fore the ordinary amplifier stage in order 
to operate correctly. The output of a mag- 
netic pickup is so weak that it takes a lot 
more than "increasing the volume output" 
of your TV set to hear it properly. The rea- 
son you hear anything at all without using 
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HI FI CABINART CABINET 

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

FEATURING: 

A KLIPSCH 

DIRECT RADIATION OF HIGHS 

BACK RADIATION OF LOWS 

MODEL K-12 
MODEL K-15 

K. 12 36.00 

K. 15 42.00 

All kits include %" white pine, cut to size, baffle 
pre-cut for 12" or 15" speaker, Saran plastic acous- 
ticloth, Kimsul acoustic insulation, assembly and 
finishing instructions, hardware, plastic wood, sand- 
paper and glue. Write for complete catalogs and 
nearest Cabinart kit dealer. 

all prices slightly higher west and south 

e Trade Mark CABINETS 

MODEL 80 

Model 80 has lift I'd, removable panels 
Bass reflex tuned for 12" or 15" speakers 
Overall dimensions, 331/1"H, 23"W, 
16"D. M80 tuner section, inside: 20"H 
213/4"W, 151/1"D. M8112, M8115 baffle 
volume: 6 cubic feet. 

M80 

M8112 

M8115 

equipment cabinet kit $27.00 

12" speaker cabinet kit 18.00 

15" speaker cabinet kit 18.00 

MODEL 61 

corner folded 
horn 19.95 

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

75 North 11th Street 
BY CABINART Brooklyn. N. Y. 
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a preamplifier is that your volume is prob- 
ably turned all the way up. 

We have fooled around with set-ups like 
this ourselves to determine just what would 
happen. The "clean" response you seem to 
be getting is actually due to the fact that it 
is so limited a response. In the first place, 
the output of any pickup unit tends to fall 
off at the high and low ends of the fre- 
quency band; in other words, it is strongest 
or "loudest" in the mid -range of the audio 
spectrum. A properly equalized preampli- 
fier compensates for this and tends to pro- 
vide,a somewhat uniform response over the 
entire audio band. Secondly, the amplifier 
section of your TV set is probably limiting 
the frequency response of whatever does 
get to it. The net result is that you won't 
hear any surface noise or rumble, etc., but 
you actually aren't hearing much music 
either, probably no more than a few octaves 
around the middle of the audio band-and 
straining your ears at that. So, if you can 
obtain the proper type preamplifier for your 
magnetic pickup, the resultant output will 
be worth the added cost. 

* * * 
ARMS FOR RECORD PLAYER 

" 
rOULD you supply some details about 

the tone -arm to be used on the phono- 
graph described in the article 'Build Your 
Own Record Player' on pages 37 through 39 
of the December issue ?" 

Charles Linz 
New Paltz, N. Y. 

Sorry we neglected to include these de- 
tails in the original article, but thanks for 
calling our attention to it. There are sev- 
eral usable arms on the market, and if you 
are not near a parts jobber, a glance 
through a jobber's catalogue will bring you 
up to date on this point. Some arms come 
equipped with a crystal pickup, such as the 
Shure Model 92H, designed for 78 rpm rec- 
ords. Others come without any cartridge 
but will accept many standard pickups, 
such as the Electro-Voice Model 2300. The 
Astatic Model 8D arm includes a dual - 
needle cartridge for playing either 78 rpm 

records or microgroove (45 and 33 rpm) 
records. 

* * * 
SOLDERING PHONO LEADS 

"THE other evening I dropped in on a 
friend who was soldering the tiny leads 

in the tone arm of his phono record player 
that connect to the pickup cartridge. He 
was doing this with the cartridge connected 
to the sleeves that were being soldered to 
the leads-in other words, applying heat di- 
rectly to the cartridge. I nearly flipped 
when I saw this but he calmly ignored my 
protests, saying that the heat would not 
affect the cartridge since it was a magnetic, 
not a crystal, pickup. I argued the point 
but he laughed at my concern. Now, who 
was right ?" 

H. T. 
Brooklyn, N. Y. 

This is a case of both being partly right 
and both being partly wrong. Actually, 
without knowing more details on how your 
friend was going about his task, it would 
be impossible to say whether his laughter 
was justified or whether the laugh was un- 
fortunately on him. Generally speaking, 
the heat from a soldering iron should not 
affect a magnetic pickup, as it would a crys- 
tal unit. However, it is always best to play 
safe, particularly with units as sensitive 
and delicate as magnetic pickups. In this 
case, a good soldering procedure would be: 
first, remove the slip-on clips from the pick- 
up unit; and second, solder them to the 
leads using a small soldering iron. If you 
don't want to bother removing the clips 
first, it is probably safe to solder with them 
connected to the magnetic pickup, provided 
you hold the clip with a long -nose pliers in- 
serted between the soldering point and the 
pickup unit. The metal of the pliers will 
then tend to dissipate the soldering heat 
and prevent any possible damage to the 
pickup. Again, a small soldering iron should 
be used rather than a heavy one or a gun. 
And in the case of crystal units, the slip-on 
clips must be removed prior to soldering, as 
described on page 67 of the November 1954 
issue of POPULAR ELECTRONICS. END 

ATTENTION 
Hobbyists Club Members Study Groups 

Subscriptions to POPULAR ELECTRONICS at special bulk 
rates are available to club members, study groups, 
employee groups, schools, etc. 

For information, write to: 
POPULAR ELECTRONICS 

Dept. 1016 366 Madison Ave. New York 17, N. Y. 
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The data that launched thousands of careers 

and advanced hundreds of amateurs is yours... 

REVEALS HOW YOU CAN GAIN QUICKER SUCCESS 

OR TURN YOUR HOBBY INTO A WELL - PAID CAREER 

IN RADIO ... TELEVISION . ELECTRONICS 

INTERESTED IN GREATER CAREER SUCCESS? 

You may plod along for years, get a paltry increase occa- 
sionally, feel insecure, find your work dull. Then-something 
happens. Earnings rise. Self-confidence returns. Your job be- 
comes exciting. "Luck" or "Contacts.," some may say. But 
you will know the answer: TRAINING! And it all can start 
happening for you the moment you fill out the coupon request- 
ing your copy of the free booklet, "Your Future in the New 
World of Electronics." It reveals how you can gain career 
success in the booming electronics field. It helps you determine 
just how you fit in, how you can cash in. 

The electronics industries are pleading for well -trained 
men. The industry is expanding tremendously. Téchnicians 
are needed in city after city, coast to coast. And no wonder. 
By 1960 the electronics industries will do no less that $10,000, 
000,000 per year, not counting military orders. Today elec- 
tronics plays a vital role in countless industries and businesses. 
Think of the opportunities in television, for example, in the 
manufacturing, broadcasting and servicing fields alone. There 
are 33,312,714 TV sets; 411 TV stations in operation; color 
TV means virtual replacement of or extensive additions to 
existing sending and receiving facilities. Countless positions 
need filling-with TRAINED men-with electronics engineer- 
ing technicians who at some point took time to gain new 
knowledge to improve their skills. This need is felt all along 
the long line of businesses in which electronics plays so im- 
portant a part. 

CREI has been one of the country's leading technical 
institutes since 1927. Over the years, thousands of 
CREI graduates have been employed in industry here 
and abroad. During World War II, CREI trained ad- 
ditional thousands for the Armed Forces. Today, many 
leading firms enroll employees with CREI for company - 
paid group training. Among them: United Air Lines, 
Canadian Broadcasting Corporation, Bendix Products 
Division, All-American Cables and Radio, Inc. Thou - 

IF YOU CAN COME TO WASHINGTON ... 
CREI also offers resident instruction at the same 
high technical level, day or night, in Washington, 
D. C. Classes start frequently. If this type of instruc- 
tion meets your requirements, check the coupon for 
Residence School catalogue. Qualified residence grad- 
uates earn the degree, Associate in Applied Science. 

INFORMATION FOR VETERANS 

If you were discharged after 
June 27, 1950, let the new GI Bill 

of Rights help you obtain resident 
instruction. Check coupon for full 
information. 

WANT TO CHANGE YOUR HOBBY FOR A CAREER? 
Today, thousands of electronics hobbyists 

have a chance to turn fun into profits. Many 
are now employed in jobs outside of the elec- 
tronics industries, doing something they enjoy 
far less than experimenting, building, transmit- 
ting, receiving. They often are working for wages 
far lower than those received by well -paid elec- 
tronics engineering technicians. They face job 
futures not nearly so bright. And many of these 
men can turn the experience they've gained in 
hobbies into the job qualifications demanded in 
the electronics industry. Most need additional 
training, true. Many have turned to CREI for 
that training. They have acquired the knowledge 
needed to qualify as well -paid engineering tech- 
nicians through CREI home study in their spare 
time (the same hours once used to hobby for 
fun), without giving up their old jobs until ready 
for the new. So, without loss of income, by study- 
ing electronics which may already be your "true 
love," at home and at the pace you set, you too 
can turn a hobby into a well -paid career with a 
bright future. You Start to accomplish this by 
filling out the coupon below. 

sands of individual students are now enrolled. CREI 
home study courses are prepared and administered by 
recognized authorities in electronics education. You re- 
ceive personal supervision, study when convenient. 
There is no finer, more practical way to earn success in 
the electronics field. Decide now that you want that 
success. Fill out the coupon below and mail immedi- 
ately. Your free booklet will be in the return mail, reveal- 
ing "Your Future in the New World of Electronics." 

CAPITOL RADIO ENGINEERING INSTITUTE 
Accredited Technical Institute Curricula Founded in 1921 

3224 16th STREET, N.W. DEPT. 122 0, WASHINGTON 10, D.C. 

Please send me your course outline and FREE Illustrated 
Booklet "Your Future in the New World of Electronics" . 

describing opportunities and CREI home study courses in 

Practical Electronics Engineering. 

CHECK 
D Practical Radio Engineering 

FIELD OF 
D Broadcast Radio Engineering (AM, FM, TV) 

GREATEST 
D Practical Television Engineering 
D Aeronautical Electronics Engineering 

INTEREST D TV, FM & Advanced AM Servicing 

NAMF 

STREET 

CITY lone State 
CHECK: Residence School D Veteran 
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1 1 1 1 1 1 
A PRIMERON CAPACITORS 1 1 1 1 1 1 TTTTTT TTTTTT 

1 1 
T How a Capacitor Works T 
1 (Continued from December Issue) 

J.. 
Now let's take the case of coupling capacitors or "blocking" capaci- T 

1 tors. Here we have two electric circuits which are usually at different 

Td -c potentials, and we must pass an a -c voltage from one circuit to the 
T other through the capacitor. It is important that there be no passage 

I_ of d -c through the capacitor as, for example, from the plate circuit of 1 
Tone tube to the grid circuit of another tube, lest the transfer of voltage T 

cause the lower potential circuit to malfunction or become inoperative. 
1 This is the case in an audio amplifier when a leaky coupling capacitor ..L. 

Tcauses a positive voltage to appear on the control grid with resultant T 
"mushiness" and distortion. 

-- Going back to the crock in our analogy-if the crock were filled 1 Tand the spigot shut off, but continued to drip water, we would have T 
1 the same condition as a "leaky" capacitor. In the case of an electro- 1 T static capacitor, such as a paper, mica, or ceramic, this 

T is usually a few microamperes. This current varies greatly with tem- 
1 perature in the dielectric material as we will show later in this series. J_ TIt is not too greatly affected by the voltage applied. T 

In the case of electrolytic capacitors, the leakage current is of a 1 relatively larger order of magnitude and may be several milliamperes. _L 

THere, too, the leakage current varies with temperature. Moreover, it T 
1 is much more affected by the voltage applied to the capacitor. 

Returning to our tea crock, this would mean that the higher the 
water level, and thus the pressure on the leaky spigot, the greater the T 

1 leakage. 1 Once the rated voltage of an electrolytic capacitor is exceeded, the T 
leakage current rises very rapidly causing internal heating. By over- 

,. voltaging an electrolytic capacitor it is possible to create a runaway 1 
Tcondition, in which the self -heating causes the leakage current to in- T 

crease to such a point that the very thin dielectric will rupture. In 
1 terms of our analogy, this would be the case if the vessel cracked per- J_ 

Tmitting water to run out as fast as it runs in. This corresponds, of T 

course, to a short circuit in the capacitor. 
-To be continued -1 

1 1 1 1 This informative message is No. 3 of a Series contributed by I. 1 1 1 
TTTTSprague, the world's largest manufacturer of capacitors. 

T T T T Write Sprague Products Co., N. Adam., Ma..., for complete Sprague catalog. 
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A SimpIeI~IRadio-Controlled 

:.:: 

Garage Door 
By VERN PRESTON 

Open and close your garage door from your auto with 

the easy -to -build equipment described in this article. 

A LMOST every home -built garage door 
Pi opener seen by the author has been a 
mass of cables, pulleys, levers, and special 
expensive motors. In the unit described in 
this article, any motor from 
horsepower can be used with a gear box. 
A large crank is attached to the gear box 
and this crank travels in a complete cir- 
cle. Now, if one end of a long rod is 
hooked to the top of the garage door, and 
the other end to the crank on the gear 
box and the motor is started, the crank 
will turn and the rod attached to the top 
of the door will either pull up the door or 
push it closed. The motor does not have 
to reverse to close the garage door. 

The gear box is no problem because any 
gear reduction of about 80 to 1 will do a 

The 80 to 1 gear reduction box used by the 
author. Cutting along the line indicated ex- 
poses 1/4" shaft for the large belt -driven wheel. 

fine job. The author used an army sur- 
plus job which was obtained for about 
$5.00. 'If you cannot obtain such a gear 
box inexpensively, you can of course de- 

system employing pulleys 
such as are found in hoist systems. The 
receiver and transmitter described here 
can of course also be used with commer- 
cial electric garage door openers. 

Keep in mind that the door should open 
and close at a moderate speed. After 
selecting/ a gear box, have a 7" piece of 
74" pipe (no smaller) welded into the gear 
box.t/ Thread the other end and attach/ a 
74" "L"; screw a 4 -foot length of 34" pipe 
into the "L." This is the crank mentioned 
previously. 

After the gear box and arm are assem- 

A short piece of pipe is welded onto the bot- 
tom or output shaft of the gear box and be- 
comes part of the revolving crank as shown. 
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Bottom view of the motor and gear box mount- 
ing showing the crank and pipe to the garage 
door in the closed position. Note microswitches. 

Motor and gear box mounting showing the 
loose belt recommended for the drive wheel. 

bled, mount the gear box on a piece of 5 - 
ply plywood, 28 inches wide and 36 inches 
long. Cut a hole in the center of the ply- 
wood and bolt :he gear box into position. 
Bolt a 2 x 4 along one end of the plywood, 
and add another piece of plywood in an 
upright position to the 2 x 4. This is the 
base for the motor. 

Mount a small pulley (about 11/2" diam- 
eter) on the motor and about a 10" pulley 
on the gear -box shaft. Run a loose belt 
from one pulley to the other, not so loose 
that it will come off, but loose enough that 
it can slip if anything should get in the 
way of the door's travel. 

If the belt slips after it is assembled and 
the door has to be rebalanced, be sure that 
you never remove the balance springs with 
the door open. 

If the garage has stringers or rafters, 
mount a couple of 2 x 4's between two of 
them to support the gear box and the 
motor. Don't bolt the unit into position 
until you cut the long 1" pipe that con- 
neets to the top center of the garage -door 
frame to open and close the door. 

To get the approximate length of this 
rod, turn the gear -box arm to the open 
position, i.e., pointing away from the garage 
door, open the door, hold the rod between 
the door top and the end of the crank, 
and mark the rod with a pencil. Then close 
the door and turn the crank to the closed 
p9sition; again mark the rod. Do this sev- 
eral times until you are sure that the 
length is correct. 

Next, measure the travel of the door in 
inches. To do this, close the door and 
mark on the door jamb the position of the 
top left-hand corner of the door. Now 
open the door and measure the distance 
from the door jamb to the same top corner 
of the door. This is the travel of the door. 

One-half of this distance, measured from 
the center of the crank, is the place where 
the push rod is bolted onto the crank. 

Drill a 1/2" hole in both the push rod and 
the gear -box crank. Mount the two to- 
gether using washers and lock nuts. These 
rods should move freely. The opposite end 
of the push rod is connected to the top 
center of the door frame using two bolt - 
on type screw eyes interlocked to act as a 
universal. 

You are now ready to mount the gear- 
box assembly and motor. First, close the 
door and move the crank to the closed 
position. Next, connect the push rod to the 
door and to the gear -box crank. Temporari- 
ly, nail the gear box and motor assembly 
in position. Then, operate the large pulley 
wheel by hand to open and close the door. 
Do this until all adjustments are made. 
Finally, bolt down the gear -box and motor. 

Now, the unit may be plugged into the 
outlet and the door will open and close, 
but you will have to stop the motor; that 
is, unless you want a flat -top car. To stop 
the motor automatically, a normally closed 
"Microswitch" is used. On the regular arm 

View of the crank when the garage door in open. 
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Top view of the receiver showing the arrange- Bottom view of the receiver chassis shown par - 

ment of the parts and the two tuning controls. tially wired to emphasize the parts layout. 

R1-3 megohm, 1/4 w. res. 
Re -10 ohm, 2 w. res. 
R3-3500 ohm, 25 w. adjustable res. 
R4-25,000 ohm 2 w. wirewound pot 
C1-3 to 30 µµ1d. trimmer capacitor 
Ce-.002 µfd. 400 v. capacitor 
C3-100 µµ1d. 400 v. capacitor 
C4-.003 µfd., 400 v. capacitor 
C5-.01 µfd. 600 v. capacitor 
C5-100 µtd. 300 v. elec. capacitor 
C7-10 µtd., 25 v. elec. capacitor 
L1-17 t.. #24 en., tapped 7 t. from the bottom; 

wound on ?'z", slug -tuned coil form (National 
#380 or equiv.) 

Ti-National OSR oscillator coil or equiv. 
RFC, -150 mc. r.f. choke (#22 en. closewound on 

full length of 1 megohm, 124 w. res.) 
RL1-S.p.d.t. 8000 to 15,000 chm relay (Sigma 4F or 

equiv.) SR,-Selenium rectifier, 150 ma. 
S1-S.p.s.t. switch Vi-IS4 tube 

ANTENNA 
6' 16 WIRE 

Receiver schematic and pictorial diagrams with complete list of parts required. 

TO ANT 

Cs 

LINE 
PLUG 

jiD)»))))G 

5.4 
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TUBE 

VI 

6 
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C4 

11:CCII 

6A05 
VI 

6V AUTO 
IGNITION SWITCH 

R5-47,000 ohm. V2 w. res. 
Re -30,000 ohm, I/2 w. res. 
C5-50 µµtd. 600 v. capacitor 
C4-.0001 µfd., 600 v. capacitor 
C5-.015 pfd., 600 v. capacitor 
Ct-.002 pfd., 600 v. capacitor 
C5-.05 µfd., 600 v. capacitor 
XTAL-27.255 mc. crystal (Control Research 

equiv.) 
RFC5-150 mc. choke (see receiver parts list) 
Si-Push-button, normally open 
Vz-6AQ5 tube 

ANT. 

RFCI 

8+ 

On the left is the schematic diagram of the 
transmitter and its parts list. Above is a or view of the transmitter constructed by the 
author and added onto his regular auto radio 
power supply chassis; note the subchassis. 

of the switch, solder an extension arm 
made of brass or tin. The rotating crank 
of the gear -box strikes this arm and opens 
the circuit, shutting off the motor. 

To find the proper place to mount the 
"Microswitch," start the motor so that it 
begins to open the garage door. Shut it off 
just before the door has fully opened. The 
door will coast open. Mount the switch 
where the crank will hit it and stop the 
motor so that the door will coast com- 
pletely open. Do the same for the door - 
closing "Microswitch." Wire up the "Micro - 
switch" circuit as shown in the diagram. 

As an added feature, you can turn the 
lights off in the garage by adding an inter- 
lock switch on the door jamb. Add a small 
lever to the top corner of the "'tor which 
will strike the switch as the dow is closed. 

Radio Equipment 
A hard -tube receiver is used because it 

yields longer life. The life of a gas tube 
is about 300 hours; that is, if it is not 
overloaded. 

To build the receiver, first lay out and 
mount the parts on a 3" x 5" chassis. Try 
to keep the power -supply parts on one end 
of the chassis and the actual receiver cir- 
cuit on the other end. Check all wiring at 
least twice before any voltage is applied. 

After the receiver is wired, place a volt- 
meter across pins 1 and 7 of the 1S4 tube 
socket. Adjust R. to 1 volt. If you don't 
have a meter that will check 1 volt, tem- 
porarily connect a 1.5 -volt flashlight bulb 
across tube socket pins 1 and 7. Adjust 
Re so the bulb just lights and that's all. 
Disconnect the bulb before you place the 

tube in the socket. Turn R. counter -clock- 
wise (minimum). Place the tube in the 
socket and readjust R8 to 1.5 volts. 

With the tube in the socket, adjust R. 
until you hear the plate relay pull in. (It will click.) Then turn the control counter- 
clockwise just past the point where the relay opens. The receiver is now ready to 
operate. 

C, and Li will be adjusted after you com- plete the transmitter. These receivers are 
quite stable and, after they are once ad - 

Wiring diagram for the motor, microswitch. 
and 6 -volt relay circuit. Its function is 
to stop the motor automatically before the 
garage door is completely opened or closed. 

SWITCH 

MICROS WITCH ES 
NORMALLY 
CLOSED 6V 6V. 

RECEIVER 
RELAY RLI 

1-6 volt d.p.d.t. relay 
1-6 volt transformer (Stancor PS -8416 or equiv.) 1-toggle switch 
1-line plug, line cord 
1-1/5th to 1 horsepower motor 
1-gear box with an 80 to 1 reduction ratio 
2-snap-action switches ("Microswitches") 
Miscellaneous lengths of 3/4" pipe 
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XTAI. 

GROUND 
TIE POINT 

CS 

C2 

TO AUTO IGNITION SWITCH 

Pictorial diagram of the radio -controlled garage door transmitter. 

TO 8+ 
(SEE TExTI 

ANT. 
INSULATOR 

justed, they will probably need no other 
adjustments, 

Note that although the transmitter is 

crystal controlled, it uses no tank coil. 

This is designed to keep the signal at a 
minimum. It will still operate the re- 
ceiver at a distance of about 100 feet or 
more on the 27.255 -mc. Citizens band. 

The "B+" voltage needed to operate the 
transmitter is obtained from the car radio. 
The easiest way to do this is to remove 
the audio tube of the car radio from its 
socket. On older sets this will probably be 
a 6K6; most newer sets use a 6AQ5 or a 
12AQ5. If your set uses a 6K6, insert the 
lead from the push-button on the trans- 
mitter into hole 4 on the socket, counting 
counterclockwise from the key on the top 
of the socket. Remove only about 14 inch 

of insulation from the end of the wire be- 

fore inserting it. Then replace the tube. 
If the set uses a 6AQ5 or 12AQ5, you will 

have to use a small lug which will fit onto 
pin 6 of the tube. You can make such a 
lug by drilling a small hole for the tube 
pin in a small rectangular piece of brass 
or copper. Affix the "B+" lead. of the 
transmitter to this lug. Be certain to use 
insulating tape on the lug to keep it from 
shorting to the chassis. Slip the lug on to 
pin 6 and re-insert the tube into its socket. 

The heater of the transmitter tube is on 

all the time that the key is turned on in 

the car, since the heater voltage is ob- 

tained from the ignition switch. The "B+" 
is keyed through a push-button on the dash 
of the car. 

To use this transmitter, you will have 
to write to the Federal Communications 
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Commission, Washington 25, D. C., and ask 
for Form #505. Fill it out and return it 
to them. No test is required. 

Any auto -radio antenna will do. Be sure 
that it is well insulated from the frame 
or body of the car. 

Don't install the transmitter in the car 
until you try it first on the bench with 
the receiver. Place the units about 6 or 8 
feet away from each other, then turn on 
the receiver and wait for about 30 sec- 
onds. Turn on the transmitter and the 
relay should close. If it does not, rotate C, 

and the slug in Li in the receiver until you 
can close the relay every time you key the 
"B+" voltage on the transmitter. Now 
move the transmitter farther away and 
retune the receiver so that it will operate 
reliably at a normal car -to -garage distance. 
That's all there is to it. Erm 

Motor -gear mechanism and rotating arm. 
Note the extension on the -Microswitch." 
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There are many 

By L. E. JOHNSTON 

interesting side issues when it comes 
to high fidelity-do not let your neighbor confuse you. 

THE other evening, the wife and I dropped 
over to a friend's house to see the Hi-Fi 

rig he'd been bragging about for several 
weeks. And what an outfit it turned out 
to be; the amplifier was a beauty, the 
turntable was a dream of precision, and 
the loudspeaker system darned near took 
up one whole corner of the room. It looked 
like a million bucks. 

"But wait'll you hear it," my chum said, 
as he started to fish through a stack of 
records. "Ah, here's the one I want." And 
with a flourish, he put it on the machine, 
gently lowered the tone arm into position, 
twirled a few dials, and turned to us with 
a look of pure rapture. 

Well, I never heard the likes of it! From 
reading the label afterward, it seems that 
this particular disc was first taped on the 
banks of the Hudson River as The New 
York Central's Twentieth Century Limited 
went by on the main line. And talk about 
fidelity; I almost dove under the sofa, it 

-sounded so real! 
As the evening wore on, we heard others 

too : one of a rusty hinge with a truly 
superb squeak; another of the call of a bull 
moose, complete with treble and bass, at 
Glacier National Park; and finally, some 
excellent music over pie and coffee. All in 
all, it was very interesting. 

But on the way home, I found out that 
my good spouse thought differently. "The 
music was fine," she said, "but those noises 
were terrible. What in the world was he 
trying to prove? Sarah's husband, Sam, is 
the same way; he keeps playing the first 
few bars of Stravinsky's Firebird Suite 
over and over again, just to hear the sound 
of the chime. If that's what Hi-Fi means, 
you screwbirds can have it, but keep it 
out of the living room!" 

Well, I didn't think much more about it 
until the next day when some of the boys 
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at the office took up the same chorus. Their 
ideas about Hi-Fi were equally confused; 
one thought he had it in his new $19.95 
table radio because the instruction book 
said so, and another agreed with my wife 
almost verbatim. None of that racket for 
him. 

I did find a soulmate, though, in the new 
man from across town. "You know," he 
said, "I've become interested in this thing 
too. I like music would like know 
more about Hi-Fi, but I'm so confused by 
guys like your friend, and all the ads in 
the magazines, that I'm not even sure what 
it means." 

He had a point too, and at the expense 
of my bread and butter, I kicked the whole 
problem around in my mind for most of that day. I mentally examined Hi-Fi from 
all the angles I could think of-the tech- 
nician's idea of it, the advertising man's 
approach to it, the salesman's pitch, the 
artist's view, the stand taken by the record 
companies, and finally the interest of the 
buying public. Once this was done, the 
pieces of the puzzle seemed to fall into 
place-and the picture made sense. 

When you think about it, the interests 
don't really conflict; they supplement each 
other. Sound technicians, for example, are 
basically interested in reproduction as a 
science. Perhaps they like music or per- 
haps they don't, but either way, it's a sure 
bet that they are interested in developing 
machines that will reproduce it as it was 
originally played. Their ultimate goal is to 
bring all of the rich tones and the full 
depth of a symphonic performance into 
your living room without change or distor- 
tion. It's their job. 

The odd noises you hear played in the 
labs and on experimental sets, the deep 
rumbles and the high frequency squeaks, 
are intended to be used for testing only. 

POPULAR ELECTRONICS 
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The engineer or the home experimenter 
figures that if he can design a system 
which will accurately reproduce both of 
these extremes of tone, then chances are 
that it will do the job asked of it on the 
music too. These people aren't "sound - 
happy"; they're just using the tools of their 
trade. 

However, most of us would rather hear 
music, and consequently prefer to judge 
Hi-Fi for the music -handling ability alone. 
This is our standard: "Fie on the hoots and 
hollers, we want to play Brahms or Benny 
Goodman." And that's OK too! In fact, 
most sound engineers who have given the 
public's confusion about Hi-Fi any thought 
at all, wish we'd forget about everything 
else but the music. They're the ones who 
will play Tchaikovsky for you-even in the 
lab-and they're the first to tell you to 
forget the experimental activities and en- 
joy your favorite records. There should be 
more of this kind! 

The record companies have a pretty ma- 
ture approach to the problem, but even 
they tend to add some confusion to the 
issue. For example, not long ago I wan- 
dered into my favorite record shop and the 
girl behind the counter almost broke her 
neck waving me over to the Hi-Fi booth 
in the back. With great to-do, she said, 
"I've been waiting all week to play this 
record for you; with your interest in Hi-Fi, 
you should go for it in a big way." The 
record, for all this enthusiasm, wasn't the 
music you'd expect, but the words, Espe- 
cially Recommended for Hi-Fi Fans, ap- 
peared under the title on the record jacket. 

As it turned out, I didn't buy the record, 
but I did give it some thought later. Those 
words could communicate at least two 
ideas to the reader. They could say: 
"Here's a record with some music on it, 
but more important, just unit till you hear 
the way it's put there. Come all you Hi-Fi 
fans, crank up the gain and give a listen 
to this one." 

Or, to give the author and the record 
company the benefit of the doubt, it could 
be taken to say: Here's a record of some 
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excellent music-played and recorded in 
such a way t t you folks with Hi-Fi 
outfits will aprreciate it. In fact, that's 
probably the way it was intended, but, 
nevertheless, the first confusing impression 
was too easy to get. Let's hope that this 
statement gets reworded. 

Then, last but not least, come the huck- 
sters-the people who write ads and com- 
pose sales talks. To some few of them, 
and thank God there are only a few, all 
of this honest confusion is a golden oppor- 
tunity. It means that they can use the 
public's acceptance of the Hi-Fi idea and 
apply it to any old piece of junk that 
makes noise. These are the characters who 
label the $19.95 AM table radio a high 
fidelity model in hopes that the magic 
words will sell a few of them to an unsus- 
pecting public. These are the confusion 
mongers who make the most of a good 
name at the expense of everyone else. 

Phooey! 
But in the final analysis, all of this boils 

down to one thought : Hi-Fi should be 
judged only as it affects the individual 
judging it. If you are a scientist, you'll 
probably want to hear the creaks and 
groans. If your interest is in music, you'll 
want to hear a good record and compare 
it to the same performance "in the flesh" 
or on the old console. Or if you have dual 
interests, perhaps you'll want to hear both. 
But in any case, don't let the other fellow's 
point of view and interests confuse you. 
Take it as you will use it, and forget the 
rest. 

Hi-Fi is wonderful anyway, regardless of 
your tastes-mechanics or music. Once 
you've heard it, you're a goner for sure, 
and it's only a matter of time until elec- 
tronics catalogues will take their place on 
the living room table along with the funny 
papers. 

If you don't believe it, just ask me! I 
can be found most any time down in the 
local record store, or down in my base- 
ment wiring up the new amplifier kit that 
just arrived-while listening to the old 
one at the same time. Erm 
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How Magnetic Tape is Made 
THE public's enthusiastic and ready ac- 

ceptance of tape recording has rather 
overshadowed the "miraculous"' quality of 
this new medium. We all, more or less, take 
our tape machines and recording tape for 
granted. 

A lot of time, money, research, and engi- 
neering ingenuity goes into each reel of 
tape you so casually purchase over the 
counter. As an example of the painstaking 
care lavished on this product, the manufac- 
turing operation of ORRadio Industries Inc. 
is pictured on these pages. This firm, which 
makes the "Irish" brand magnetic tape line, 
is primarily a tape maker so its operation 
will be described. 

Research and development play an im- 
portant part in the operations of most elec- 
tronic firms and the tape industry is no 
exception. Continuing efforts are made to 
improve the product and one such opera- 
tion is the experimental formulation for 
dispersion in a laboratory scale grinding 
mill. 

When the laboratory has OKed a new 
formula or procedure, the technique is in- 
corporated in the manufacturing process. 
Mass production of the magnetic coating 
lacquer is accomplished by huge grinding 
mills which are capable of delivering 500 
gallons of coating. A slow and continuous 
grinding results in a uniform dispersion of 
the iron oxide particles in the lacquer type 

Huge batches of the magnetic coating lacquer 
are mixed in 500 gallon mills like this one. 
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A laboratory technician prepares an experiment- 
al formulation in a laboratory grinding mill. 

base. Special wetting agents and highly 
effective lubricants are incorporated during 
the grinding process. 

The precision coating of the magnetic 
lacquer on the plastic film is the most deli- 
cate operation in the manufacture of mag- 
netic tape. The coating machinery required 
for this operation is manufactured to 
watchmaker tolerances. The company's tape 
is coated to a tolerance of a half of 1/10,000 
of an inch since a variation of less than 
1/10,000 of an inch in thickness may vary 
the amplitude of the audio output as much 
as one decibel. 

The next step in the operation is the pro- 
duction of 1/4" tapes from coated rolls. This 
is done by the slitter operator who cuts the 
12" coated rolls into Y/4" tapes and winds it 
on 1200 foot reels, the standard 7" reel of 
the industry. 

After the tape is wound on the reels, it is 
subjected to a thorough audio analysis. Pro- 
fessional recording and test equipment is 
used for this operation. The tape is tested 
for frequency response, amplitude variation, 
signal output, and noise level. 

The final step in the manufacturing proc- 
ess before shipment to distributors is the 
careful visual inspection of the tape. This 
inspection is made under fluorescent light- 
ing with the operator checking for incon- 
sistencies in the winding and slitting of the 
tape and for fractures and molding imper- 
fections in the reel. 

The next time you casually pop a reel of 
tape on your recorder, stop just a second 
and consider the "little miracle" you hold 
in your hand. Erin 
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The tape coating operation is 
extremely critical. It is per- 
formed on precision machines. 

Producing ?/n" tapes from the 
large coated rolls is a re- 
sponsibility of slitter operator. 

A thorough audio analysis is 
made on each production run 
of the tape made by factory. 

The final visual inspection of the 
tape is made by skilled operators 
who use fluorescent lighting boxes. 
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The novice cw trans, 
mitter with the crystal 
and coil for 80 meters 
plugged in. It Is 
ready to go when the 
antenna is connected. 
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BOTTOM VIEW OF 
COIL FORM 

COIL TABLE 
80 meters: L,-28 turns No. 22 enameled wire close. 

wound on I -inch diameter 4 -pin form 
L.-5 turns No. 22 enameled wire closewound 

t/s inch from ground end of L, 

40 meters: Lí-15 turns No. 22 enameled wire close. 
wound on 1 -inch diameter 4 -pin form 

La -4 turns No. 22 enameled wire closewoun 
3/16 inch from ground end of L, 

Use any conventional 4 -pin. 1" dim. form. 
Winding spacing is measured between 
lower edge of L, and upper edge of 

Before winding the calls. drill holes 
through form to pass ends of windings. 
Space holes to allow for width of each 
winding and distance between windings. 

Remove enamel for about half an inch 
from end of wire. Pass wire through proper 
hole in side of form and corresponding base 

pin. Solder wire to p:n. Wind required 
number of turns around form, keeping wire 
taut and leaving no space between turns. 
Cut off wire. leaving a few inches to work 
with. Pass end through proper hole in 
form. Remove enamel from end of wire 
and pass it through pin in base. Carefully 
pull wire taut, then solder end of wire to 
pin. Use coil cement over windings to pr 
vent loosening. 

Note that two different coils must be built to cover both the 40 and 80 meter bands. 

this Novice CW Transmitter 
By RUFUS P. TURNER 

THE beginner in ham radio with a novice 
license should become active as quickly 

as possible with a low -powered telegraph 
(cw) transmitter. Operating this rig as 
often as he -can will give valuable on -the -air 
experience in handling the code and in cor- 
rect operating procedure. The best way to 
learn is by doing. 

A novice's first transmitter should be 
both simple and inexpensive. A good idea 
is to use the lower frequency bands. There, 
the new operator usually will find more 
"rag -chewers" and local contacts than on 
the higher frequency long-distance bands. 
In the 80 -meter band, novice c w opera- 
tion is permitted between 3700 and 3750 
kc. In the 40 -meter band, the novice's 
territory is 7175 to 7200 kc. Crystal con- 
trol must be used. 

The transmitter shown here was made 
especially for beginners. While it is low - 
powered, it will give a good account of it- 
self when operated with a good antenna. 
It does not take up much room, since it is 
built on an aluminum radio chassis box 
(Bender Type 145) 7" long, 5" wide, and 3" 
high. 

To reduce expense and to keep hum- 
producing power equipment off the trans - 
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mitter chassis, no power supply is built 
into the transmitter. This allows the ex- 
perimenter to use any external unit sup- 
plying 250 volts d.c. at 50 to 65 ma. and 
6.3 volts a.c. or d.c. at 1 ampere. Most ex- 
perimenters keep a small power supply of 
this type on hand for general use. Such 
units also can be bought cheaply in sur- 
plus. The necessary a.c. and d.c. voltages 
often can be drawn from the receiver used 
with the transmitter. For portable use, a 
6 -volt storage battery can be used in con- 
junction with 180 to 225 volts of "B" bat- 
teries or a vibrator -type 250 -volt supply. 

Transmitter Circuit 
The schematic diagram shows the cir- 

cuit of the transmitter. A 6AQ5 tube (Vi) 
is used in a crystal oscillator circuit. This 
particular circuit keys quite well. 

A shunt -fed plate circuit is employed. 
That is, the output (tank) circuit, consist- 
ing of coil Li and tuning capacitor 07, is 
isolated from 'the d.c. plate voltage of the 
tube by' capacitor C.. ' This arrangement 
keeps _d.c. voltage off the coil and protects 
the operator from electric shock. Never- 
theless, switch Si should be thrown to its 
"off" position before changing coils, since 
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the r.f. voltage may burn the fingers quite 
painfully just the same. 

The key is plugged into jack J1. The two 
"Antenna" binding post terminals are con- 
nected to the antenna. 

Construction 
An 8 -pin octal tube socket is mounted 

on the left end of the chassis to hold the 
crystal. Socket pins 1 and 4 receive the 
pins of the crystal holder, while other pins 
of this socket are used as tie points for 
resistor R1, capacitors C. and C2, and leads. 
A 1W' hole is needed for the crystal 
socket. 

A 7 -pin miniature tube socket for V. 
is mounted in a %"-diameter hole near the 
center. At the right-hand end of the 
chassis, a 4 -pin tube socket is mounted in 
a 15k" hole to hold the plug-in coil. 

Directly behind this coil socket is the 
insulated 2 -terminal binding post block for 
antenna connections. This block assembly 
is a National Type FWH. The insulating 
blocks fit into %"-diameter holes drilled 
54" apart on centers. 

Switch Si, jack J1, and tuning capacitor 
C1 are mounted, from left to right, with- 
out insulation, along the front lip of the 
chassis. The jack and tuning capacitor re- 
quire %" mounting holes. The toggle 
switch (Si) requires a 1/z" hole. Four in- 
sulated binding posts are mounted along 
the rear lip of the chassis for connections 
to 6.3 volts and 250 volts. 

The two coils are wound on conventional 
1" -diameter, 4 -pin, phenolic plug-in forms. 
The accompanying coil table gives in- 
structions for winding these coils. Each 
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Inside view of the completed transmit. 
ter, showing assembly and wiring. Make 
all of the wires as short as possible 
and twist the heater wiring, as shown. 

consists of a main coil L. and a coupling 
coil L2. The ends of L. are fed into 
the two large pins of the form and sol- 
dered. The ends of L2 are fed into the two 
small pins and soldered. 

For adjusting the transmitter, make a 
test lamp by forming a 11/4" -diameter loop 
of insulated hookup wire and soldering its 
two ends to the terminals of a 6 -volt pilot 
lamp. 

Obtain an 80 -meter crystal on any fre- 
quency between 3700 and 3750 kc. and a 
40 -meter crystal on any frequency between 
7175 and 7200 kc. Several crystals in each 
frequency range will allow movement 
"around the band" when interference sets 
in. 

The simplest antenna to use with this 
transmitter is the center -fed type (cut for 
40 or 80 meters) with coaxial or low -im- 
pedance ribbon feeder. Antenna dimen- 
sions and building instructions may be 
found in any amateur handbook. Other 
types of antennas may require a coupling 
coil and tuning capacitor external to the 
transmitter. 

Operating Instructions 
To place the transmitter into operation: 

(a) Plug in an 80 -meter crystal. (b) Plug 
in the 80 -meter coil. (c) Connect the 6.3 v. 
and 250 v. power supply. (d) Throw the 
switch S. to "on." (e) When the tube has 
heated, plug the key into jack J1. (f) Hold 
the loop of the test lamp over the top of 
the coil. (g) Depress the key; while hold- 
ing it, adjust tuning capacitor C, until the 
lamp lights. Back away with the lamp if 
it is burning too brightly. (h) Tune capaci - 
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R1-100,000 ohm, 1/2 w. carbon res. 
Rr-33,000 ohm, 2 w. carbon res. 
CI -10 µµtd. mica capacitor 
C7-150 µµfd. mica capacitor 
Ca, Cs, C5-.005 µfd. mica capacitor 
C6-100 µµfd. mica capacitor 
C7-140 Md. midget variable capacitor (Hammar- 

lund MC -140-S) 
)r-Midget open -circuit phone jack 
Lt-Li-Plug-in coil unit (See Coil Table) 
RFC), RFC)-21/2-mhy. r.f. choke (National R100) 
Sr-S.p.s.t. toggle switch 
Xtal-Quartz crystal, 3700-3750 kc. or 7175-7200 kc. 
V1-6AQ5 tube 
Other parts you will need: One aluminum chassis, 

7" x 5" x 3" (Bender Type 14.5); one knob with 
pointer; one 8 -pin octal socket; one 7 -pin minia- 
ture socket; one 4 -pin socket; two 4 -pin plug-in 
coil forms; four binding posts; one double bind- 
ing post assembly; screws, nuts, wire, and 
solder 

PLUG-IN 
COIL UNIT 

Note: One side of the tube heater and B- are connected together. To avoid bypassing Sr or short- 
ing the heater supply, use a power supply which does not have B- connected to the heater circuit. 

When wiring the transmitter follow both schematic and pictorial diagrams closely. 

tor C7 for brightest lamp response. (i) Tak- 
ing care that the key is in its up or "off" 
position, connect the antenna leads to the 
"Antenna" binding posts. (j) Again, close 
the key, hold the lamp loop near the coil, 
and retune capacitor C7 for brightest lamp 
response. 

The transmitter now is tuned -up on 80 
meters, and is ready to go. The signal 
may be monitored for smoothness by listen - 
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ing to it with a receiver (minus antenna) 
or on a c w monitor. 

To tune up on 40 meters, repeat the 
entire process with a 40 -meter crystal and 
the 40 -meter coil plugged in. 

If you do not have any of the power 
sources mentioned in the early part of this 
article, you can use this transmitter with a 
power supply to he described in the next 
issue of POPULAR ELECTRONICS. END 
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1 
Absence of sound -absorbing materials on stage during this Mercury Records 
recording session helps achieve richer, more spacious sound on final records. 

2 
Magnetic tape is used for the original 
recording. Improvement in the original 

Is possible, when necessary, by editing 
and corrective re-recording. Photo shows 
Ampex machines being used in ses- 
sion directed by Columbia's Mitch Miller. 

3 
Conductor Dimitri Mitropoulos listens 
critically to playback of his last "take." 

Playback speaker system is Altec-Lansing's 
"Voice of the Theatre." Mistakes detected 
by ccnductor will be corrected before tape 
Is approved for use in making records. 

RECORDS 
By D. Hoefler 

IllWHEN the .irrent iii erest ii high fidel - 

ty began a few years agc, the record 
industry seemed indif'_erert. This was nct 
the first time the hi -f idea tad cropped 
up, and there seemed 1 ttb reason to sup- 
pose it would Outlive pr?.vints, similar fad,. 

(Co-tinued -ni pcge 32) 

4 
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4 
Finally approved, the tape original is 
re-recorded onto a lacquer disc, here 

undergoing inspection by Dr. Peter Gold- 
mark and William S. Bachman. These men 
are responsible for the development of Co- 
lunbia's microgroove long -praying record. 

After visual and aural tests, the lac- 
quer master disc is placed in an elec- 

troplating tank whose contents are con- 
trolled by chemical analysis. Not too 
many years ago, the bash was tested by 
dipping a finger into it and fasting itl 

ARE BETTER THAN EVER 

7 
Meanwhile the plastit. record material 
is prepared from a precise combina- 

tion of tngredientts in large heated mix- 
ers. It then goes to the rollers shown 
below which produce "biscuits" of uniform 
thickness and correct size for records. 

6 
The lacquer master disc is separated 
from its plated metallic coating, which 

is a perfect negative impression of the rec- 
ord grooves. This coasting, known as a 
"metal master," may be reinforced and used 
to stamp records, or it may be plated again 
to provide a positive metal mold known as 
a "mother." The "mother," in turn, is elec- 
troplated to form a "stamper" which is 
used to make the actual records we hear. 
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Q 
Printing of labels, jackets, etc. under - 

U goes careful editorial scrutiny. Copy 
must be grammatically and factually ac- 
curate. Color registration must be per- 
fect. Labels are printed on large sheets 
and then cut to size on this machine. 

In fact, the evidence indicated that the 
public really preferred low fidelity. Record - 
makers and broadcasters had learned this 
lesson through years of sad experience. 

But when public interest and demand 
made it apparent that high fidelity was 
here to stay-and grow-the industry re- 
sponded with an alacrity and vigor that it 
had not shown in years. The hi-fi "revolu- 
tion" is now in full swing. New techniques 

10 
Excess plastic after pressing is 
trimmed off by white -gloved opera- 

tor. She then stacks discs tor final inspec- 
tion and packing. Spacers are placed on 
the spindle between the discs so that re- 
corded surfaces will not touch each other. 

9 
The metal stampers, labels, and heated 
"biscuits" come together in the rec- 

ord press, which resembles a huge waffle 
iron. Hot steam, followed by cold water, 
is forced through the press to assure cor- 
rect formation of the plastic discs. 

and quality controls are still being intro- 
duced at every stage of record manufac- 
ture. 

As a result of this stepped -up activity on 
the part of record manufacturers, the 
phonograph record of today is a vast im- 
provemer.t over the noisy, fragile, short - 
playing model of yesteryear. Some of the 
reasons for this are shown in the accom- 
panying Photographs. END 

1 
Thousands of dollars' worth of skills 
have been applied to creating the 

hi-fi record held here by TV actress Pat 
Percy. She shows her appreciation of this 
fact by holding the disc at its edge, 
never touching the recorded surfaces. 
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In the "reflex" circuit of this 
receiver, one tube does the work 
of two and good loudspeaker vol- 
ume is produced with two tubes. A TWO -TUBE 

BROADCAST BAND 

RECEIVER 

OLD-TIMERS remember the reflex circuit 
fondly. Newcomers probably never 

heard of it. The reflex receiver was very 
popular when radio was young and tubes 
were high-priced, because it allowed one 
tube to do the work of two. 

We get this unusual action by feeding 
the signal through the tube twice. The 
first time around, for example, the tube 
acts as an r.f. amplifier. We can then de- 
tect the amplified signal with a crystal 
and feed the crystal output back around 
through the same tube which now acts 
as an audio amplifier. That is exactly 
what happens in the little set described 
in this article. 

You can hook up this receiver and have 
fun observing how the reflex circuit works. 
Aside from its educational value, this set 
makes a handy little battery -operated 
tuned r.f. portable. It tunes fairly sharply 
over the entire broadcast band and will 
give good volume on all local stations. 
When using an outside antenna and a good 
ground, stations 100 miles away have been 
received well. 

Explanation of the Circuit 
Refer to the schematic diagram, which 

gives the complete circuit of the reflex re- 
ceiver. 

Two tubes (one 1U4 and one 3S4) and 
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one 1N34 crystal diode detector are used. 
The 1U4 serves as both r.f. and ist audio 
amplifiers. The 3S4 is the audio output 
amplifier. A 11/2 -volt "A" battery and a 
671/2 -volt "B" battery supply all power re- 
quired by the tubes. 

The signal coming in from the antenna 
and ground is tuned in by means of vari- 
able capacitor C1 (which is one half of the 
dual ganged capacitor C1 -C7) and the an- 
tenna coil, L1. The signal then is fed to the 
1U4 control grid. R.f. amplification of the 
signal takes place in the 1U4. The ampli- 
fied signal appears at the secondary coil' 
of the r.f. transformer, Ti, which is tuned 
by the second half, C7, of the ganged tun- 
ning capacitor. 

This amplified signal then is applied to 
the 1N34 diode detector, CR1, through the 
blocking capacitor, Ce. The detector de- 
livers an audio signal which, after it passes 
through the filter (R1, R2 and Ce), is fed 
to the 1U4 control grid. 

Now, this time the 1U4 acts as an audio 
amplifier and builds up the audio signal 
coming out of the detector. The amplified 
audio signal is taken from the 1U4 through 
coupling capacitor C. and the volume con- 
trol potentiometer, R,. It then is fed to 
the control grid of the 3S4 output amplifier 
tube which drives the loudspeaker. 

Readers who have studied receiver cir- 
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In the circuit shown in the schematic diagram above, V, acts as both radio -frequency and 
audio -frequency amplifier. See the text for an explanation of how this is accomplished. 

cuits may be puzzled as to how the first 
stage of this et can operate simultaneous- 
ly as an r.f. and audio amplifier. The follow- 
ing points should clarify this. The r.f. signal 
applied to the 1U4 control grid is prevented 
from going back into the detector stage 
by the R, -R, -C6 filter. The small capacitor, 
C6, in the 1U4 output bypasses the circuit 
for r.f. but not for audio. The primary of 
T1 thus is grounded for r.f. Resistor R3 
serves as the plate load resistance when 
the 1U4 is acting as an audio amplifier. At 
this time, the bottom of the T1 primary is 
"high" (because capacitor C. has a high 
impedance at audio frequencies) cies) and audio 
output can be taken from the junction of 
R8 and C6. 

Editor's Note: The reason reflex recei- 
vers are not used as much as they once 
were is that interaction in the reflex stage, 
between the r.f. and audio signals, pro- 
duces undesirable effects. Strong signals 
may be distorted. Minimum volume may 
not occur with the volume control at its 
minimum setting, and may also be ac- 
companied by distortion. 

Control grid bias for the 3S4 tube is ob- 
tained from resistor R6, which is bypassed 
by the electrolytic capacitor, C9. The au- 
thor used a 4 -inch PM dynamic speaker 
with a 3.2 -ohm voice coil. The Stancor A- 
3823 universal output transformer, T2, is 
connected to supply this particular voice 
coil. That is, the brown pigtail is connected 
to the 3S4 plate, red pigtail to screen and 
"B -plus," blue pigtail unused, and the 
speaker connected to taps 1 and 3. The 
34 

reader can use any other speaker he may 
have on hand. The A-3823 transformer has 
sufficient taps (and a complete chart of 
instructions for connecting) to enable 
matching a particular speaker to the 3S4 
tube. 

The "on -off" switch, Si, is in the "A - 
minus" lead. The "B" battery does not 
have to be switched. The switch is com- 
bined with the volume control potentiom- 
eter, R,. 

Construction 
The author built his set in an aluminum 

chassis box, 7" long, 5" wide, and 3" high 
(Bender 145). This chassis later is slipped 
into a wooden case along with the loud- 
speaker and batteries. But you do not 
have to follow this type of construction. 
You can build your set directly into a 
radio cabinet, cigar box, or any other type 
of enclosure that appeals to you. You can 
even assemble the parts on a wooden bread- 
board if you wish. 

On top of the chassis, the 1U4 tube is 
to the front, the 3S4 to the rear. In the 
left front corner is the adjustment screw 
of the ferrite -adjusted antenna coil, L,. 
The left knob controls the tuning capaci- 
tor, and the right knob the combination 
volume control and "on -off" switch. A 
card marked off in kilocycles in the broad- 
cast band is placed over the tuning knob 
when the set is installed in its case. 

The under -chassis view shows construc- 
tion and wiring. The various components 
can be identified by comparing with the 
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RI, Re -500,000 ohm, 1/2 w. carbon res. 
R,-100,000 ohm, 1/2 w. carbon res. 
R4-500,000 ohm pot, audio taper, with switch S, 
R;-820 ohm, 1 w. carbon res. 
Ci-C7-Dual 365 µµEd: per -section, midget tuning 

capacitor (Miller 2112) 
Ci, Ca -25 µµtd. mica or ceramic capacitor 
C4-.01 µEd. mica capacitor 
Ci -470 µµtd. mica or ceramic capacitor 
C,-100 µµid. mica or ceramic capacitor 
C,-.1 .Aid., 200 v. tubular capacitor 
Ca -10 Ad., 50 v. midget tubular elec. capacitor 
CR/-Type 1N34 germanium crystal diode 
Li --Adjustable ferrite antenna coil (Miller 6300) 
S, -S.p.s.t. switch on Ri 
Tr-Tuned r.t. 540-1750 kc. coil (Miller 20 -RF) 

T. Universal audio output trans., single or push- 
pull plates, 4000-14,000 ohms to voice coil (Stan - 

cor A-3823) 
Vi -1U4 tube 
V,-354 tube 
l-"A" battery, 1.5 V. (Burgess 2FBP) 
1-"13" battery, 67.5 V. (Burgess XX45 or Eveready 

467) 
1 -4 -inch, 3.2 -ohm PM speaker 
Other parts you will need: one aluminum chassis, 

7"x 5" x 3"; two knobs with pointers; two 7 -pin 
miniature sockets; one 5 -lug screw -type terminal 
strip; two 2 -lug screw -type terminal strips; one 
5 -lug tie -point strip; one 1 -lug tie -point strip; 
five ground lugs; screws, nuts, wire, solder. 

You can follow this pictorial diagram in wiring the reflex receiver. Be particularly care- 
ful about the connections of the tubes, capacitor C,,, r.f, coil T. and transformer T2. 

SPEAKER 
TERMINAL 

STRIP GND 
LUG 

(r - 

S PST POWER 
SWITCH (SI) ON 

VOLUME CONTROL 
(R41 

II/2V GND 
LUG 

ANTENNA 
TERMINAL 

STRIP 

GND 
LUG 
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This bottom view of the reflex receiver shows 
the author's arrangement of the parts. It 
should be used with the pictorial and sche- 
matic wiring diagrams in constructing the set. 

pictorial wiring diagram. Note the screw - 
terminal strips for connection of antenna, 
ground, batteries, and speaker. A ground 
screw is provided on the battery terminal 
strip. This is for convenience in ground- 
ing the metal frame of the speaker when 
this is needed to prevent whistling. Whis- 
tling is not experienced in every case, but 
sometimes it does occur when the speaker 
must be mounted close to the 1U4 tube. 

After the wiring has been checked as 
correct, connect the batteries and loud- 
speaker, and switch the receiver on. Turn 
the volume control all the way up. If you 
have a modulated signal generator, set it 
to 1700 kc. and connect it to the antenna 
and ground terminals of the receiver. Set 
the receiver tuning capacitor about 1/2 

from completely open and adjust the tun- 
ing screw in antenna coil Li for loudest 
sound from the speaker. Adjust the trim- 
mer capacitor on the frame of C, for 
further increase in loudness. Use the low- 
est generator output that you can. still 
hear, since the low signal allows more' ac- 
curate adjustment. - 

If you don't have a signal generator, use 
a broadcast station instead. Do this by 
connecting an antenna and ground to the 
receiver. Set the tuning capacitor and 
volume control as just explained, and ad- 
just the screw of coil Li to tune in a sta- 
tion operating on some frequency at the 
extreme high end of the broadcast band 
(somewhere between 1500 and 1700 kc.). 

After the initial adjustment, the set is 
operated simply by adjusting the tuning 
and volume control knobs. Best pickup is 
afforded by an outside antenna and a good 
ground (a cold water pipe usually is very 
good). But the set will operate also with 
a 5- to 10 -foot length of wire inside the 
house or "on location." The hank of wire 
commonly called an a.c.-d.c. antenna will 
suffice. 

The batteries shown with the receiver 
are one Burgess Type 2FBP (11/2 v.) and 
one Burgess Type XX45 (671/2 v.). END 

NEW THEREMIN MAKES MUSIC ELECTRONICALLY 
MOVING her hands around the antenna, the young lady 

at the left is playing music on the Theremin, 
an electronic musical instrument. The volume 
and pitch are controlled by hand movements; the 
performer never touches any buttons or keys. 
Top unit contains oscillator and control circuits; 
lower unit is amplifier and loudspeaker. This 
model is made by the R. A. Moog Company. 

ANTENNA FROM STEEL. TAPE 
AFLEXIBLE s t e el 

tape makes a fine 
adjustable antenna, as 
-shown in the photo at 
the right. One screw 
through the cent e r 
eyelet mounts it. In- 
sulated washers where 
the screw enters the 
cabinet will prevent 
shorts. For high fre- 
quency uses, mount the 
tape with a stand-off 
insulator. 
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Mobile 
Telemetering 

Unit 

Housed in a truck trailer, this equipment measures 
and records performance of test plane 100 miles away. 

AFIAMISTS 
can now be furnished 

an accurate picture of the vital 
functions of an airplane under test 100 
miles away by means of an electronic tele- 
metry unit housed in a Fruehauf truck 
trailer. - 

Now in use at A. V. Roe Canada Limited, 
manufacturers of jet planes, the new 
equipment enables ground technicians to 
observe and record 67 separate items of 
data while a test flight is in progress. 

From the aircraft, the variables to be 
measured are converted into electrical 
signals by a special transducer. These sig- 
nals are transmitted to the ground unit. 

Among the data thus sent are air and 
liquid pressures, accelerations, rotary and 
linear motions, temperatures, and various 
applied forces. 

These signals are received in the trail- 
er by an elaborate FM unit and recorded 
on high speed recorders. The receiver is 
actually 94 pre -tuned 67 -channel set. Each 
channel .iv fed independently to o»te of 67 
discriminator circuits which will handle 
only its predetermined signal, ignoring all 
the others. The output of each discriminator 
varies with the frequency of the particular 
signal fed into it, similar to the action in 
a home FM radio set. END 

Interior of trailer showing telemetry equipment used for checking performance of airplane in flight. 
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Fig. 1. The larger of these electrostatic cath- 
ode-ray tubes is made of glass and measures 
5 inches. The smaller is a 1 inch metal tube. 

How 
the Cathode -Ray Tube 

Works 
Fig. 2. Construction details of an electrostatic type cathode-ray tube. 
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This analysis of both electrostatic and magnetic type tubes 

provides better understanding of TV picture tube operation 

TO MANY, the cathode-ray tube is sym- 
bolic of the entire television industry. 

There is little question that if it were not 
for this tube, the industrial giant of mod- 
ern television could never have come into 
being. However, while it is true that a 
cathode-ray tube is used in every TV re- 
ceiver and that thousands of others are 
used in TV broadcast stations, its use is 
not limited to this field alone. These tubes 
&re used in radar, in medical electronic 
apparatus, in test equipment, in atomic 
research, in industrial electronic equip- 
ment, in fact, in all phases of present-day 
industry and science. To understand the 
operation of the cathode-ray tube, then, is 
to be in a better position to understand 
the entire field of modern industrial tech- 
nology. 

Fundamentally, the cathode-ray tube (or 
CRT) is nothing more than a special type 
of indicating device. Just as a loudspeaker 
converts electrical signals into sound 
vibrations, and a meter changes electrical 
energy into the mechanical movement of 
a needle pointer, the CRT is an instruxhent 
used to change electrical signals into pat- 
terns of light. 

Cathode-ray tubes are made in numerous 
sizes and shapes and for many special pur- 
poses. However, most cathode-ray tubes 
can generally be divided into two broad 
classes-"electrostatic" tubes and "elec- 
tromagnetic" tubes. This classification is 
based on the means used for deflecting 
(moving) the electron beam which "paints" 
the light pattern on a fluorescent screen. 
Each class of tube has certain advantages 
as well as certain limitations, and these 
advantages and limitations have resulted 
in each type of tube being used in specific 
applications. 

Electrostatic tubes use an electrostatic 
field for controlling the electron beam. This 
field is built up between a pair of elec- 
trodes called "deflection plates" by the 
application of moderate a.c. and d.c. volt- 
ages. Electrostatic tubes are generally 
made in small sizes, with screens from one 
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inch to about ten inches in diameter. They 
have a good frequency response and are 
widely used in cathode-ray oscilloscopes, 
medical electronic equipment, industrial 
equipment, and in some types of radar 
work. 

Electromagnetic tubes use a magnetic 
field for controlling the stream of elec- 
trons. Two pairs of coils are used for 
building up this magnetic field. The coils 
are external to the tube proper and are 
generally mounted in a single assembly 
called a "deflection yoke." Electromagnetic 
tubes are made with screen sizes from five 
inches to thirty inches in diameter. Al- 
though they have a comparatively narrow 
frequency response, these tubes do permit 
the formation of large size, sharply focused, 
bright images and are used in tremendous 
quantities in television receivers and as in- 
dicators in radar systems. Virtually al] 

Fig. 3. Photographic illustration of the elec- 
tron gun assembly of cathode-ray tube. 

Fig. 4. In an electromagnetic type of tube, 
deflection coils are placed on the outside. 

HORIZONTAL 
OE PL. ecTAN COIL 
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modern TV receivers employ electromag- 
netic tubes. 

Since most people find it easier to under- 
stand the operation of the electrostatic 
cathode-ray tube, we shall discuss this 
type first. Once a clear understanding of 
the electrostatic tube has been acquired, 
the electromagnetic tube is easy to master. 
The basic construction of an electrostatic 
CRT is shown in simplified form in Fig. 2. 

An a.c. voltage is applied to the filament 
of the tube, heating it to a bright glowing 
red. The filament, in turn, heats the cath- 
ode which is placed close to it. The 
cathode is covered with materials which 
"boil out" electrons when heated, and 
these electrons gather in a cloud close to 
the cathode. 

A high positive voltage is placed on the 
accelerator anode and this voltage attracts 
the negatively charged electrons, causing 
them to move in a stream toward the front 
of the tube. The electron stream passes 
through a narrow hole in a cylindrical 
shaped electrode called the grid. Although 
not shaped like a conventional grid, it is 
given this name after the grid in an am- 
plifier type vacuum tube because it serves 
the same function ... it controls the 
number of electrons which can pass 
through. 

The electron stream next passes through 
a group of two or three cylindrical elec- 
trodes which have different d.c. voltages 
applied to them. The accelerating anode 
may be one of this group. The d.c. volt- 
ages applied as well as the shape and size 
of these electrodes set up an electrostatic 
field which narrows the electron stream 
and focuses it into a sharp beam. Because 
of this action, one of the electrodes may 
be termed the focusing anode. 

Next, the sharply focused electron beam 
passes through a pair of flat electrodes ar- 
ranged in a horizontal plane with respect 
to the tube. If a d.c. voltage is applied to 
these plates, the electron beam will be at- 
tracted toward the more positive plate and 
repelled from the negative plate, bending 
either up or down, depending on how the 
d.c. voltage is applied. If an a.c. voltage 
is applied, the beam will move up and 
down alternately. Since the beam moves 
in a vertical direction, these electrodes 
are called the vertical deflection plates. 
The horizontal deflection plates are a simi- 
lar pair of electrodes, but arranged at 
right angles to the vertical plates, and 

Fig. 5. The photograph shows a typical 
deflection yoke of a modern TV receiver. 

serve to move the beam either to the left 
or right. 

After passing through the deflection 
plates, the electron beam goes on to strike 
the front of the tube, which has been cov- 
ered with chemicals which glow when 
struck by the electrons. This action is 
termed "fluorescence" and, therefore, the 
film of chemicals on the face of the CRT 
is called a fluorescent screen. The choice 
of chemicals used in making the fluores- 
cent screen determines the color of the 
glow and how long the glow continues 
after the electron beam strikes the screen. 
This latter characteristic is called the per- 
sistence of the screen. 

Most of the cathode-ray tubes used in 
oscilloscopes have a medium persistence 
green screen. Zinc orthosilicate is fre- 
quently used for such screens. Television 
receivers generally employ a medium per- 
sistence white screen. Various mixtures 
may be used to produce a white screen, 
including a combination of zinc sulphide 
and zinc beryllium silicate. For high speed 
photography, a CRT using a short persist- 
ence blue screen is desirable. Such screens 
may be made from calcium tungstate. 

Since the purpose of a cathode-ray tube 
is to obtain a pattern of light on a screen, 
the fluorescent screen is often considered 
one of the most important parts of the 
tube. This is shown by the fact that a 
tube's size is given in terms of its screen 
diameter. A "seven inch tube" has a screen 
with a diameter of approximately seven 
inches. 

In a cathode-ray tube, the assembly of 
electrodes which produces the stream of 
'electrons, not including the deflection 
plates, is called the "electron gun." The 
electron gun of a typical CRT is shown 
in Fig. 3. 
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An electromagnetic CRT is somewhat 
simpler in construction than an electro- 
static tube since it does not have deflec- 
tion plates. However, it still has an elec- 
tron gun assembly, although the focusing 
anodes may be missing. The beam of elec- 
trons sent out by the electron gun is de- 
flected by a magnetic field set up, in turn, 
by two pairs of curved coils mounted 
around the neck of the tube close to the 
bulge of the "funnel." See Fig. 4. The 
coil assembly, or deflection yoke, of a typi- 
cal television receiver is shown in Fig. 5. 
Note how the two sets of coils are mount- 
ed at right angles to each other. 

Electromagnetic cathode-ray tubes which 
do not have focusing electrodes in their 
electron gun assembly employ an exter- 
nal magnet to produce a magnetic focusing 
field. Such magnets may be either elec- 
tromagnets or permanent magnets, or a 
combination of both. Thus, electromag- 
netic tubes may be subdivided into , two 
smaller classes; those employing electro- 
static focusing and magnetic deflection 
and those employing both magnetic focus- 
ing and magnetic deflection. 

The shape of the light pattern formed 
on the screen of a CRT depends on the 
type of electrical signals applied to the 
deflection elements (whether coils or elec- 
trostatic plates). If steady d.c. voltages 
are ° applied, a dot will appear on the 
screen, with its exact position determined 
by the relative sizes of the applied deflec- 

tion voltages. If a.c. signals are applied, 
a line or pattern will be formed, with its 
shape and size determined by the elec- 
trical waveforms and amplitudes of the a.c. 
signals. In a television receiver, the light 
pattern forms a raster made up of a series 
of horizontal lines. 

Varying the voltage applied to the grid 
electrode in the electron gun assembly 
will change the number of electrons that 
can pass through and strike the screen 
and hence the instantaneous brightness of 
the glow. In a television receiver, the video 
signal is applied to the grid -cathode circuit 
of the CRT and changes the evenly glow- 
ing raster into a pattern of light and dark 
segments which, in turn, makes up the 
picture. 

The vast majority of present day cath- 
ode-ray tubes employ a single electron gun 
assembly and a single set of deflection ele- 
ments. However, tubes have been made 
with a number of electron guns, includ- 
ing some of the tubes designed for color 
television. Cathode-ray tubes have also 
been made with several complete electron 
guns plus deflection elements. Such tubes 
are virtually several independent cathode- 
ray tubes with a single screen. One such 
tube is shown in Fig. 6. 

Special purpose cathode-ray tubes, color 
television picture tubes, TV camera tubes, 
and other types of cathode-ray tubes will 
be discussed in other issues of POPULAR 
ELECTRONICS. END 

Fig. 6. This industrial multi -gun cathode-ray tube has five electron gun and deflection assemblies. 
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ONE of the oddities of the radio control 
hobby is the persistent underestimation, 

even by some manufacturers, of the prob- 
lems of installing the airborne equipment. 
Most directions stop with a wiring diagram 
and the "dope" on tuning. It is no wonder 
then that the beginner's first R/C installa- 
tion is a rat's nest of wires, or that the 
radioman's first model often is torn up by 
loose batteries and catapulting equipment 
on the first really hard landing. 

A shipshape installation is accessible, re- 
movable, facilitates proper functioning of 
the radio, protects the equipment, and, just 
as important, protects the airplane from 
the equipment in a crack-up. If these re- 
quirements are not met, the best radio in 
the world is rendered unreliable. 

If this sounds like making a mountain 
out of. a molehill, consider the unnecessary 
damage that happens to a relay when the 
receiver bangs around inside a cabin. The 
heavy coil may deform the frame, causing 
delicate pivots to bind. This will result in 
skipping and sticking, eventually causing a 
bad crack-up or a fly -away. This is just 
one of the ways a poor installation en- 
dangers the equipment. 

Let's take the requirements in the order 
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given. First is accessibility. This, like 
Sergeant Friday, covers a lot of territory. 
Just because the freq ency trimmer can 
be reached with a tuning wand doesn't 
mean that the receiver is accessible. A 
slug tuner which requires tightening of a 
lock nut so that vibration will not cause 
detuning, isn't accessible when the lock 
nut is under the receiver chassis! Or, you 
may want to reach the relay to clean a 
contact, or to adjust spring tension, or 
reset a contact. Battery voltages often 
must be read on the field, or batteries may 
have to be replaced, or the escapement or 
servo checked. Anything that requires ob- 
servation or adjustment should be readily 
accessible. 

Equipment should be removable. Main- 
tenance alone requires that all principal 
parts of the radio system be removable, 
that is, battery packs, receiver, and actua- 
tor. Exhaust smoke from the engine and 
dust on the field penetrate cabins, eventu- 
ally causing leakages of capacitors, etc. It 
certainly is worthwhile to keep the re- 
ceiver chassis clean. Soldered joints need 
regular inspection-components may have 
been pushed out of place, perhaps to the 
point of shorting out. Tubes may be loose, 
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a burr might have developed on the revolv- 
ing arm of the escapement, or the arma- 
ture of a servo motor may require cleaning. 
The radio model is, after all, a real air- 
craft and, like a real aircraft, requires 
periodic checks. It is not uncommon for 
an active hobbyist to log a hundred or 
more flights a year. If the equipment is 
not inspected regularly, the model will be- 
come a casualty before that many flights 
can be racked up. 

How well the receiver does its job de- 
pends on the neatness of the installation 
and the provision included against the ill 
effects of engine vibration upon the relay. 
The beginner tends to place batteries, re- 
ceiver, and escapement wherever con- 
venient, then to run wires, like as not 
through space, point to point. Wires can 
be grouped or cabled. Those wires that 
connect the switch, potentiometer, jack, 
sockets, and other stationary components 
that remain in the plane, regardless of the 
removability of the receiver, batteries, or 
actuators, should be fastened to the struc- 
ture, led along the corners between walls 
and floor, or' by bulkheads (crosswise par- 
titions) and walls. 

The stationary wiring can be constricted 
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into a very small area by a compact ar- 
rangement of the permanently installed fix- 
tures. By using miniature socket -type 
plugs, the receiver can be provided with 
a plug-in cable, and the battery pack with 
another. Either or both can be removed 
by slipping out the plug. Standardize your 
receiver cable connections to make receiv- 
ers interchangeable between ships. One big 
advantage of this practice is that friends 
can cooperate by sharing receivers when 
necessary, provided the hook-ups are stand- 
ard. On the five -pin plug the following 
connections are suggested : pin 1, "A+"; 
pin 2, "B+"; pin 3, common minus; pins 
4 and 5, relay. 

Damping of vibration is accomplished 
by a variety of shock mounting systems, 
the two most common ones being a rubber - 
band suspension of the receiver in a hori- 
zontal position, or the placement of the re- 
ceiver upon a block of foam rubber, either 
vertically or horizontally. If vertically 
mounted, the receiver has an infinitel 
greater immunity to crack-up damage. In- 
deed, it is possible to destroy the airplane 
without detuning the receiver or even 
knocking the relay out of adjustment, when 
vertical mounting is used. Heavier and 
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Example of battery installation in the belly of an airplane under the hardwood floor. 
The forward box contains a hearing -aid "B" battery, the rear compartment contains the batteries for the receiver filaments (11/2 volts) and the escapement requiring 3 volts. 

larger receivers sometimes rest upon 
two blocks of sponge, one at either end, 
or at either side, as the case may be. 
The rubber is faced with 1/16 -inch thick 
plywood (using rubber cement) and the 
chassis ends or mounting lugs are attached 
to the plywood with small wood screws. 

Good shock absorption is essential to good 
relay operation. The writer has seen cases 
where a 10,000 -ohm sensitive relay con- 
sidered shock proof would not pull in when 
mounted firmly on wood with a powerful 
engine shaking the airplane. Contact pres- 
sures may not be sufficient to hold a rud- 
der in one position as the plane shudders 
out of a dive. Probably the manufacturers 
themselves don't know what happens to a 
relay armature during repeated signaling 
in the presence of a severe harmonic vibra- 
tion, as only modelers seem to create it. 
If a good installation is able to employ the 
means of damping vibration to provide 
crash protection as well, you are ahead of 
the game. 

Last, but not least, is the protection of 
the airplane from loose equipment. This 
means that all heavy objects, notably the 
batteries and the receiver, should not be 
permitted to gather momentum before 
coming to rest against a bulkhead. Bat- 
teries should always rest snugly against 
a bulkhead. This bulkhead should be 
strengthened across the grain with cross 
members or plywood to prevent splitting. 
Its ends, or joints with the floor or walls, 
should be butted against forward move- 
ment that would tear out the joints. Bat- 
teries should not be fastened down upon 
flooring, and never held loosely in place. 
A vertically -mounted receiver that rests 
against a firm bulkhead, with appropriate 
strengthening against splitting and move- 
ment, causes little or no structural damage 
and is itself unhurt by hard knocks. 
44 

Horizontally -mounted receivers which 
depend on rubber -bands from the four 
corners of the chassis may, on a short stop, 
penetrate a ply bulkhead with well im- 
agined results to electronic equipment. A 
tether cord attached to the chassis and 
anchored behind the chassis to some strong 
point, prevents the receiver from traveling 
too far, although the back travel, like re- 
coil of a gun, should be similarly damped 
for safety. Even though the horizontal 
mounting may hold in a crash, it is likely 
that the Sigma 4F -type relay will be de- 
formed. Tubes will pop out, and every- 
thing that isn't tied down, like chokes, 
quench coils, and capacitors, will move out 
of position. 

Escapements and pushrods take special 
handling to prevent crash damage. Escape- 
ments that simply are cemented against a 
balsa partition will tumble into the cabin 
when the plane bangs onto its nose. A 
pushrod may take off like a javelin, pull- 
ing loose the linkage assembly and the 
rudder. 

With such considerations in mind we 
can tackle the four typical installations 
given in the illustrations. First is the old 
fashioned rubber -band mounted receiver, 
accessible in this case by means of two 
large access doors in the sides of the 
ship. A is the plywood bulkhead; B is a 
thick sheet -balsa floor or a thin plywood 
floor. The batteries are stacked against 
the bulkhead or laid flat on the floor with 
their front edgês flush against the bulk- 
head. The switches, potentiometer, jack, 
etc., line up along the lower edge of the 
cabin on the left side, facing a right handed 
launcher. (This is more or less standard, 
so the arrangement of accessories, switch- 
es, etc., will not be detailed in subsequent 
examples.) 

The receiver is suspended by rubber - 
POPULAR ELECTRONICS 



One method for mounting a receiver horizon- 
tally is shown here. Batteries and the 
socket for receiver cable a:e well forward. 

R/C model plane with the receiver mounted 
horizontally. The batteries are in the nose, 
mounted on a piece of plywood and inserted 
through the floor for easy accessibility. 

bands (two light bands to each corner 
stretched to about one-third their limit). 
C is a tether cord attached to the rear 
wing hold-down dowel, D. F is a small 
chassis mounting two sockets, one to ac- 
cept the battery cable lead, the other the 
receiver cable. Note the structural cross 
members, G, that reinforce bulkhead A. 
The section forward of this reinforcement 
is double skinned on each side, with the 
inner, thicker skin -3/16 or 1/4 -inch thick 
sheet balsa, butting against bulkhead A. 

A popular mounting method is to have 
both receiver and batteries vertical. This 
provides excellent accessibility to the radio 
from the open top of the cabin, and to the 
battery pack from the removable top of 
the nose section. A is a 14 -inch sheet -balsa 
bulkhead; B is either a 1/s -inch plywood or 
a 14 -inch sheet -balsa bulkhead, whose 
grain runs across ship. Note that the im - 
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pact of the batteries is against this bulk- 
head; that of the receiver, partly snubbed 
by foam rubber, is transmitted through 
A. The impact of the snug fitting batteries 
is transmitted to the key bulkhead B. 
Switches, potentiometer, and jack line up 
as before, well out of the way should the 
receiver swing from side to side. C is a 
foam rubber block, against which the re- 
ceiver is anchored by small rubber bands. 
The tension of the bands is just enough 
to prevent the receiver from hanging loose- 
ly or swinging back and forth on landing. 
The battery cable D comes through bulk- 
head A, and plugs into a socket on chassis 
E. The receiver cable plugs into a similar 
socket. Note that the escapement is fully 
accessible. 

The beauty of the torque rod linkage to 
the rudder is that the linkage cannot dam- 
age the escapement in a crack-up, where - 
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Removable box containing batteries, receiver, 
and actuator. This allows for easy removal 
from a plane and interchange between planes. 

as the pushrod type transmits a blow to 
the escapement assembly. Pushrods and 
bellcranks also put a dead weight on the 
escapement, which can be a handicap when 
the nose is down. Pushrods usually re- 
quire heavier rubber drive for safety and 
this in turn makes escapement and per- 
formance more critical. 

A variation of the vertical -type mount- 
ing is also shown. Here, a plywood floor A 
extends between bulkheads C and D. Ob- 
serve that the floor continues forward of 
bulkhead B, so that the battery weight can 
be carried far enough toward the nose for 
correct balancing. Battery boxes bolt di- 
rectly to the floor, and are accessible by 
means of a large bottom hatch. The Acme 
Products Company makes sturdy battery 
boxes for all popular battery combinations 
including hearing aid "B" batteries. If de- 
sired, a large "B" battery may be dropped 
into place between bulkheads B and D, 
with D then requiring the usual forward 
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structural support. Escapements, switches, 
etc., are mounted as before. The large ply- 
wood floor is ideal for anchoring the 
heavier motor -driven servo -type actuators. 

Still another arrangement having very 
special advantages is the removable box 
method. This box contains the batteries, 
receiver, and even the servo or escape- 
ment. By detaching the linkage from the 
actuator, the box can be lifted from the 
plane without disconnecting a wire. More- 
over, it can be dropped into another plane. 
It is unnecessary to have an actuator in 
every plane with this set-up. The batteries 
are packed in a forward compartment in 
the box; the actuator is mounted at the 
rear, but in such a manner that it does 
not snag the adjacent bulkhead when the 
box is lifted out. Switches, potentiometer, 
jack, etc., have to be on the bottom of 
the box, and are reached through holes 
in the bottom of the ship when the box is 
in place. In fact, the toggle switch han- 
dle extends from the bottom. Usually more 
confined than a wide open cabin, the box 
requires that some receivers be beam 
mounted, that is, placed upon two blocks 
of foam rubber at either end, or along 
the sides. 

It is not intended that these examples 
be followed to the exclusion of the reader's 
own ideas. Rather, it is hoped that this 
resume of a few of the better kinds of in- 
stallations will assist the newcomer in the 
successful operation of his new plane. 

It would be well to draw upon these 
comments in sketching in any installation 
upon the plan that comes with your air- 
plane kit-before cementing a piece of 
wood. Few kits detail installations, mere- 
ly saying, put the batteries here, etc. Nor 
are they always wise in the location .:Of 
some items such as an escapement. The 
average modeler is a great individualist, 
especially in radio control. So don't be 
afraid to "gild the lily." END 
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ECONOMICAL KIT BUILDS HI-FI AM TUNER 
RECOMMENDED as one of the initial 

units for a binaural or hi-fi installation 
is the new V-5 AM tuner being sold in kit 
form directly from the manufacturer, Ap- 
proved Electronic Instrument Corporation. 
928 Broadway, N. Y. 10, N. Y. 

Features of the unit are: self-contained 
a.c. power supply; tuning range, 530-1650 
kc.; sensitivity, 5 microvolts; iron core 
tuned coils; tuned r.f. stage; and 3 section 
variable capacitor. Dimensions are 9e." x 
5"x57/a". 

The complete kit of parts including tubes 
and pictorial and schematic diagrams is 
priced at $24.50. 

NEW LOW COST T V TOWERS 

MADE OF ALUMINUM 
NEW economies in cost per unit as well as 

building costs are being realized with the 
new aluminum TV antenna tower being 

erected in the 
photo. Made 
b y Alprodco, 
Inc., Mineral 
Wells, Texas, 
the light 
weight tower 
is assembled 
from six-foot 
sections a n d 
raised with 
another sec- 
tion of alumi- 
num tower 
acting as a 
boom. Five 
men did the 
job in one day. 
Similar t o w - 

ers have been 
installed in 
many areas. 

PORTABLE RADIO FOR LOU 
NOVEL feature of the new Rimenco 415A 

portable radio, shown at the left, is a 
single earphone which plugs into a socket 
and cuts out the loudspeaker when oper- 
ating on batteries. Reversing the plug per- 
mits earphone and loudspeaker to be used 

simultaneously. 
In a.c./d.c. op- 
eration, the 
loudspeaker op- 
erates regard - 
1 2ss of the pho- 
no plug posi- 
t :on. The set is 
e xtremely com- 
pact, weighing 

SOLAR ENERGY OPERATES 

MIDGET TRANSMITTER 
SOLAR energy is used to power this 

midget experimental transmitter built 
by Edward Keonjian, General Electric 
engineer at Syracuse, N. Y. 

Self -powered and about the 
size of a package of cigarettes, 
the unit uses transistors instead 
of vacuum tubes, and selenium 
solar energy converters instead 
of batteries. When light rays 
strike the selenium, enough elec- 
trical energy is delivered to the 
transistors to operate the midget 
experimental transmitter. 

The transmit - 
t e r currently 
has a range of 
about 100 feet 
which could be 
improved, 
Keonjian says, 
by adding more 
selenium units, 
or by using ger- 
manium or sili- 
con instead. 

DSPEAKER OR HEADPHONE 
only 3 lbs., 11 oz. The Rimenco 420A, 
shown at the right, is an all battery port- 
able smaller than the 415A. It features 
a unique switching arrangement which 
permits the set to operate at reduced 
power drain while the batteries are new. 
As they age , 

a flick of the 
switch in- 
creases the set's 
g a i n. Distrib- 
uted by R. I. 
Mendels, Inc., of 
N. Y., they are 
made by Mat- 
sushita, Japan. 
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A Solderless B.C. Crystal Receiver 

THIS crystal broadcast receiver, although 
available in kit form, can be built from 

readily -available parts in virtually less time 
than it takes to read about it. Its most 
outstanding features are, of course, its 
simplicity and low cost. Its selectivity 
and sensitivity are obviously not as good 
as in other more elaborate crystal -type 
receivers. 

The tuning coil mounts on the wooden 
base by means of two nails, driven from 
the underside of the base, and some air- 
plane glue. The base should be grooved 
out to conform to the contour of the coil. 

After winding the coil, as specified in 
the parts list, it will be necessary to re- 
move the enamel over that portion of the 
wire on which the slider rests. A simple 
method of doing this would -be to move 
the slider back and forth across the coil 
to wear a path through the enamel insula- 
tion. 

As can be seen in the illustrations, the 
crystal supplied With the kit is a, "cats - 
whisker" type. This is available from the 
company as a separate item. You can, 
however, use a standard 1N34 crystal diode 
in its place. 

Connect the various components as 
shown in the schematic diagram. After 
completion, simply connect an antenna, 
ground, and a pair of earphones-and the 
set is ready for operation. The antenna 
and ground should be the best available 
in order to provide maximum sensitivity. 
The headphones should be of the high -im- 
pedance type, preferably 2000 ohms or 
higher. 

Tuning is accomplished by moving the 
slider across the coil. 

C,-.001 Aid. tubular ceramic capacitor 
L,-250 t. closewound #32 en. wire on 3/4' dia. 

wooden form 
CR,-Steel galena crystal assembly (see text) 
1-Pair high -impedance headphones 
4-Fahnestock clips 
5-#6 wood screws 
I-Wooden base 
1-Slider and contact (made from thin conductive 

metal strips) 

For those who prefer to work from a kit 
of parts, the receiver is available as the 
"Peppy Pal" from Radi -Ore Labs, 38 Onei- 
da St., Lynn, Mass. The kit, which retails 
for $1.50, contains all necessary compo- 
nents (earphones not included) and in- 
structions. A photograph and diagram, if 
required, are available for an additional 
30 cents. All prices apply to continental 
Ü.S. END 

CLOTHESPINS PROViDE PAIR 
OF "EXTRA HANDS" 

THE couple of "extra hands" so often 
I needed to hold a critical piece of work 

can be approximated by a couple of pairs 
of clothespins bolted back-to-back, as 
shown in the photograph. They can be 
made rigid, or be devised to bend in any 
direction. Any slender upright rod-wood 
or metal-Can act as a support. Here, a 
wooden dowel has been inserted into a 
flat base. Further rigidity could be ob- 
tained by screwing the base itself onto 
the workbench. Note how the improvised 
"fingers" hold the delicate work while the 
technician's two hands are occupied.:.,,E.R. 
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THE brief flare of an ordinary kitchen 
match at a distance of five feet triggers 

this sensitive little light -operated relay 
with startling decisiveness. Its response to 
small changes in light intensity, coupled 
with versatility, compactness, and low cost, 
is attained by a rather novel circuit design. 

The arrangement has quite a few attrac- 
tive features: (a) No transformers or high 
wattage resistors are needed. Hence a tiny 
31/4"x41/2"x2" chassis may be used. (b) Be- 
sides the phototube, only one vacuum tube 
is required-a 117L7GT, operating directly 
from the a.c. lines. (c) Either a gas -filled 
or a vacuum type of phototube may be 
utilized. Direct interchangeability without 
alteration of circuit wiring or pin connec- 
tions is made possible by incorporating a 
voltage divider which permits only half the 
line voltage to be applied to the electrodes 
of the phototube. This adaptability for 
phototube substitution provides a wide 
range of sensitivities to varying light val- 
ues. (d) Either positive action (increased 

Sensitive 

Low -Cost 

Photo Relay 

By HARVEY POLLACK 

light actuates controlled device) or nega- 
tive action (decreased light actuates con- 
trolled device) is obtainable by moving a 
single external wire from one binding post 
to another at the rear of the chassis. 

Positive action is desirable for garage 
door operators, floodlight actuators, auto- 
matic house lighting controls, etc. Burglar 
alarms, door annunciators, safety devices 
on machines and other similar applications 
are best handled by negative action which 
occurs when a beam of light is interrupted. 

Construction 
After the chassis has been drilled and 

punched, mount the octal sockets so that 
the keyways are facing toward each other. 
The sensitivity control, R2, and the binding 
posts or rear terminal block should be se- 
cured to the chassis next. If binding posts 
like those on the model are used, their 
mounting holes should be drilled at least 3 

inch in diameter, to make it easy to in- 
sulate them from the chassis. 
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RECTIFIER. 
SECTION 

1/2 II7L7GT 
VIA 

S,NVING POSTS, 

BEAM POWER 
SECTION 

1/2 II7L7GT 
vie 

Schematic wiring diagram of the 
light -actuated relay. Two meth- 
ods of connecting the relay to 
the controlled equipment are dia- 
grammed on the opposite page. 

Bottom view of chassis showing placement of 
major parts. 

R,-50,000 ohm, 1/2 w. res. 
M-100,000 ohm pot, linear taper 
Rs -250,000 ohm, 1/2 w. res. 
Ry-1 megohm, 1/2 W. res. 
Rs -250,000 ohm, 1/2 w. res. 

Ci -8 µ1d., 450 v. elec. capacitors (not dual 
capacitor with common terminal) 

RL. -5000 ohm plate circuit relay, s.p.d.t. (Potter 
and Brumfield Type LB5) 

V1 -117L7 tube 
Vi-Either 925 vacuum type or 1P40 gas -filled type 

phototube, depending on sensitivity requirements 
Miscellaneous parts: One aluminum chassis, 31/4"x 

41/2'x2", ICA Type 29077; two octal tube sockets; 
one knob with pointer; three binding posts, sup- 
plied with shoulder washers to permit positive 
insulation from chassis; line cord and plug; ma- 
chine screws and nuts, wire, and solder. 

Pictorial wiring diagram. Some terminals on the V2 socket are used as wiring tie -points. 

OCTAL 
SOCKET 
II7L7GT 

TUBE 
VI 
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Begin the wiring by joining pins #1, #2, 
and #5 of the 117L7GT tube socket (right- 
hand socket in the photograph showing the 
bottom view of the chassis) by means of 
short lengths of uninsulated wire. Next, 
connect pin #7 to pin #8 of the same socket 
with bare wire. The remainder of the wir- 
ing may be handled as the builder sees fit, 
provided that he bears two precautions in 
mind: uninsulated leads are not to touch 
the chassis; and the polarities of the two 
electrolytic capacitors are to be carefully 
observed. Mention is also made of fact that 
lags #2, #5, and #6 on the phototube 
socket are used as tie -points. 

After the construction is complete, check 
your work visually to spot obvious errors 
or short circuits, if any. Using an ohm- 
meter or other continuity checker, make 
certain that all three binding posts are 
completely insulated from the chassis and 
that no short circuit exists between the 
prongs of the a.c. line cord. 

Choke of Phototube 

If you don't have a stock of phototubes- 
and how many people do ?-you will want 
to purchase either a 925 or a 1P40. The one 
you buy depends upon the intensity of light 
to be used for control purposes and the 
light differential anticipated during the 
control cycle. 

The 925 is a vacuum type; it is octal 
based and light sensitive on the concave 
side of the big cathode. (See drawing). 
The 1P40 is identical in all respects save 
one: it is filled with an inert gas which 
adds measurably to its sensitivity. 

Use the 925 when you expect to have an 
intense source of light available. The 925 
is a safe tube as it is not affected by short 
exposures to even very bright light. 

If a low -intensity source is to be used, 
however, the 1P40 can be counted upon to 
provide the additional sensitivity necessary 
for reliable relay operation. It does have a 
weakness, though, which makes it some- 
what more precarious to use. Exposure to 
intense light-even for a brief period of 
time-may deactivate its sensitive cathode 
surface or seriously change its character- 
istics. 

The completed photo relay: binding 
posts shown are connected to the 
circuit which is to be controlled. 

Binding post connections to open a circuit (A) 

and to complete one (B), when light increases. 

NEGATIVE ACTION 

POSITIVE ACTION 

(A) 

(8) 

ICI 

BATTERY 

FLOOD 

117 V A.C. 
LIGHTS 

Testing and Adjustment 

Insert the 117L7GT in the proper socket, 
but leave out the phototube temporarily. 
Rotate the sensitivity control fully clock- 
wise, then apply power. Allow about 30 
seconds for warm-up. 

Now, as the sensitivity control is slowly 
backed off in a counter -clockwise direction, 
a point should be found where the relay 
clicks in. Moving the control back and 
forth past this point should cause the relay 
to pull in and drop out with positive action. 

With this condition established, darken 
the room or cover the phototube with a 
small cardboard carton and insert it into 
the remaining octal socket. Adjust the sen- 
sitivity control to the point where the relay 

Proper orientation of phototube is with con- 
cave side of its cathode toward light source. 

ANODE 

' 0 ' PROPER DIRECTION OF 
INCIDENT LIGHT , \ PHOTOCATHODE 

GLASS ENVELOPE 
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just fails to pull in. This is the setting for 
maximum sensitivity. Incidence and inter- 
ruption of light falling on the sensitive 
cathode surface should now cause relay 
operation. 

Trouble -shooting 
Assuming that the wiring is correct and 

that the values of the components are not 
in error, there is very little else that can 
go wrong. 

If the relay fails to pull in at all, with or 
without the phototube in its socket, meas- 
ure the voltage between the plate and 
cathode (pins #3 and #8) of the 117L7GT 
with an a.c. voltmeter when the sensitivity 
control is fully clockwise. A reading of 75 
volts or higher indicates that the relay is 
all right; in this case, the tube (beam 
power section) is probably defective. 
Should relay operation be normal tior move- 
ments of the sensitivity control but in- 
operative for changes of light intensity, the 
phototube should be suspected if an a.c. 
voltmeter reading shows from 40 to 50 
volts between pins #4 and #8. 

Another type of trou:,le that may de- 
velop, especially with the gas -filled photo - 
tube, is positive latch -in of the relay with 
any light intensity or no light at all, and 
at any setting of the sensitivity control. If 
this occurs, the trouble lies in the photo - 
tube; it may be improperly "gassed," a de- 
fect which sometimes occurs in manufac- 
ture and which causes high gas currents. 
even under dark conditions. 

Look for extraneous light reaching the 
photo -cathode if operation is erratic. In 
some applications it will be necessary to 
provide the phototube with a little light- 
proof box having a window about one inch 
square directly in line with the cathode. It 
will be found that such a light shade im- 
proves sensitivity as well as stability. 

Positive or Negative Action 
The model was wired so that the center 

binding post, #2, was connected to the 
armature contact of the relay. This bind- 
ing post is the "common" one on which the 
control wire remains for either positive or 
negative action. 

When the photo relay is to be used as an 

annunciator, for example, an interruption 
of the light beam across the doorway 
should cause a chime or bell to operate. 
This is negative action involving the use of 
binding posts #1 and #2 as shown in the 
sketch. 

An application in which positive action is 
required as, for instance, where the head- 
lights of your car activate the photo relay 
as you drive into your doorway to turn on 
floodlights, binding posts #2 and #3 are 
used. This is also shown in the sketch. 

Principle of Operation 
The rectifier section of the 117L7GT.is 

used in "backward" connection; that is, it 
is hooked up in a manner such as to provide 
negative voltages across the sensitivity con- 
trol. This is used as bias potential, adjust- 
able by means of R,. 

The first adjustment sets the bias just 
below the pull -in plate current. When light 
impinges upon the photo -cathode, a tiny 
current flows up through part of R,, 
through R,, and to the upper leg of the a.c. 
line through the phototube and R5. The 
voltage drop across R. is applied as a posi- 
tive voltage to the control grid of the 
117L7GT, cancelling enough of the bias to 
increase the plate current beyond the pull - 
in current of the relay. 

Resistors R8 and R. comprise a "5Q-50" 
voltage divider that never permits- more 
than half the line voltage to appear across 
the phototube, keeping the potentials well 
within the rating of the gas filled 1P40. C, 
maintains the bias constant during the 
half -cycles of the a.c. line voltage when the 
rectifier section is non -conducting, while C, 
prevents relay chatter. 

The use of the rectifier to provide bias 
has two very important advantages, both of 
which contribute to improved sensitivity 
and stability: (a) Line voltage fluctuations 
do not tend to trigger the relay because 
both plate voltage and screen voltage rise 
in a positive direction while the bias volt- 
age goes in a negative direction and vice- 
versa. (b) Since there is no cathode re- 
sistor used for bias, degeneration is 
completely eliminated making much better 
sensitivity possible with the same circuit 
components. END 
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Typical transmitters for "ham" use are 
shown here. Check all the models you 
can and choose one that meets your needs. 

So You Want 
To Be A Ham' 

GOING ON THE AIR 
By ROBERT HERTZBERG, W2DJJ 

Part 5. Choosing your transmitting equipment-both kits 
and assembled units can be had in a wide range of prices. 

AFTER you've taken the ham license ex- 
amination, and while you're waiting for 

your ticket to come through the mail from 
Washington, you will start to think seri- 
ously for the first time about a short-wave 
transmitter. "Seriously" is the right word 
because the price range of sending equip- 
ment is quite wide. 

You can easily find something to suit 
your pocketbook and your tastes. Some 
transmitters are sold only in kit form, 
some only as factory -assembled jobs, and 
others in both forms. If you decide on a 
kit, you will have a lot of fun putting the 
components together, you will learn some- 
thing about transmitter design and con- 
struction, and you will save as much as 
$80. In the way of tools you need only 
a pair of pliers, a screwdriver, a couple of 
socket wrenches, a soldering iron, and 
about a yard of rosin -core solder. You can 
assemble and wire a small transmitter in 
about three evenings. One of the larger 
kits may keep you quite busy for a week. 

"Isn't a transmitter rather complicated 
February, 1955 

for a beginner?" Every new ham seems to 
ask this question. The answer definitely is 
"No." The diagrams and instructions in- 
cluded with the kits are clear and explicit, 
and if you follow them step by step, you 
can hardly go wrong. Transmitters are 
much easier than receivers, not only to as- 
semble but also to put into operating order. 
With an inexpensive little crystal plugged 
into the oscillator stage, you can tune up 
all the succeeding stages of even a big 
transmitter in a few minutes. To line up 

53 



Telrex two -meter beam antenna is repre- 
sentative of a type used by many "hams." 

the numerous circuits of a receiver, you 
need service -type test equipment that can 
cost as much as the receiver itself and for 
which you will have no further need after 
you've done the job. 

Ready-made transmitters are, of course, 
a great convenience. Many hams prefer 
them because of their impressive appear- 
ance and because they are ready to go on 
the air as soon as connections to them are 
made for power, antenna, and key or mi- 
crophone. It's a real thrill to unpack a new 
transmitter at 2:00 some afternoon and 
work your first station at 2:30! 

The regulations of the Federal Com- 
munications Commission limit ham stations 
to a maximum of 1,000 watts input to the 
plate circuit of the final amplifier stage. A 
full one -kilowatt rig makes a very, very 
large signal on the amateur bands. Rela- 
tively few hams are able to take advantage 
of this generous allowance, simply because 
the power wiring in ordinary homes is not 
nearly heavy enough to feed the complete 
transmitter. As a general rule, a trans- 
mitter draws about four times as much 
power from the a.c. line as the nominal 
power rating of the final amplifier stage 
alone. On a common 115 -volt line, a power 
demand of four kilowatts, at a reasonable 
power factor, means a line current of about 
50 amperes. Individual circuits in a home 
are usually fused for 15 amperes and the 
main fuse is rarely more than 30 amperes. 
To operate a "full gallon," as hams often 
refer to a one -kilowatt transmitter, you 
need a special power circuit, preferably at 
230 volts to minimize the line current and 
hence the size of the required service 
wires. 

Transmitters rated at 400 to 500 watts 
are about as big as you can run safely in 
a home or apartment without burning up 
the place. A typical unit rated by the 

manufacturer at 435 watts input draws 
12% amperes at 115 volts from the line. 
This is about as much of a load as is taken 
by a standard electric iron. Although 500 
watts is only half of the FCC allowance, it 
is still considered "high power" in ham 
circles. The majority of hams run much 
less -10 to 25 watts at first, and 100 to 150 
watts after they acquire some operating 
experience. 

As you might expect, the price of a 
transmitter is pretty much in proportion 
to its power. To give an idea as to what 
can be bought for specific sums of money, 
the following is a review of representative 
transmitters of the popular and generally 
available makes : 

Heathkit Model AT -1: A kit job, with 
all parts down to the last nut and washer 
included, this transmitter is ideal for the 
new ham. It is intended primarily for c.w. 
work and does not include modulation 
equipment for voice transmission. However, 
a separate modulator can be added any 
time, a connector plug being provided for 
the purpose. The power rating is 25 to 30 
watts. Plug-in crystals or a separate vari- 
able frequency oscillator can be used for 
frequency setting. Bandswitching is pro- 
vided, and the user has the choice of the 
popular 10, 11, 15, 20, 40 and 80 meter 
bands. Three tubes are used : a 6AG7 os- 
cillator -multiplier; a 6L6 amplifier -doubler; 
and a 5U4G rectifier. Grid and plate cir- 
cuits are metered. The finished transmitter 
is housed in an attractive metal cabinet 
measuring 8 x 13 x 7 inches. Kit price, 
$29.50, tubes included. 

Heathkit Variable Frequency Oscillator 
VF -1: This is an accessory for the Model 
AT -1 transmitter, and like it, is sold only 
in kit form. It uses a 6AU6 oscillator tube 
and an 0A2 voltage regulator, and obtains 
its heater and plate power from a take-off 
socket on the AT -1. It can readily be 
adapted to drive any low -power trans- 
mitter that now uses crystal control. Kit 
price, $19.50, tubes included. 

Viking "Ranger" Transmitter -Exciter: 
Used by itself, the Ranger is a self-con- 
tained 75 watt c.w. or 65 watt phone trans- 
mitter, with 100% AM modulation and pi - 
network antenna load matching from 50 
to 500 ohms. With suitable antennas, it 
operates in the 10, 11, 15, 20, 40, 80 and 
160 meter bands, with either crystal con- 
trol or from its built-in variable frequency 
oscillator. Complete shielding and filtering 
eliminate any tendency to cause inter- 
ference in nearby television receivers. 
All controls and adjustments are conven- 
iently located on the front panel. Band - 
switching, frequency shifting, and all other 
circuit tuning can be accomplished in 
minutes. 
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If the owner of a Ranger gets bitten by 
the high -power bug, he can use the unit as 
an exciter for a full one -kilowatt amplifier 
stage. 

The Ranger is available in kit form at 
$179.50, less tubes, crystal, key and mike, 
and completely assembled and wired at 
$258.50. The kit is designed for easy as- 
sembly. Wiring harness, punched chassis, 
all: parts and hardware, step-by-step in- 
structions, pictorial diagrams and operat- 
ing instructions are included. The com- 
pleted transmitter is very compact, meas- 
uring only 15 x 11 x 9 inches. 

Globe Scout Model 40A: This is a gen- 
eral-purpose 50 watt c.w., 40 watt phone 
bandswitching transmitter, working on 10 
through 160 meters. It is intended to fill 
the need for a compact unit in the low - 
power field for either fixed station or 
mobile use. The unit contains six tubes, 
including rectifier. It is crystal controlled, 
or can be driven by any external variable 
frequency oscillator (v.f.o.). Built-in an- 
tenna tuner permits use of any standard 
type antenna. For mobile use, a suitable 
dynamotor or vibrator power supply is 
connected through an auxiliary socket. 
Dimensions are 8 x 16 x 8 inches. In kit 
form, $89.95; factory wired, $99.95. 

Globe Champion: This is a compact two - 
unit 150 watt transmitter for c.w. and 
voice which stands only 191/2 inches high 
in a strong steel cabinet. It uses 17 tubes 
and two meters and operates in bands from 
10 to 80 meters. In kit form, $329.50; face, 
tory wired, $349.50. The two units are 
also sold individually, so you can start with 
the r.f. section, work on c.w., and then add 
the modulator later when you have the 
money. C.w. transmitter only, kit form, 
$165; factory wired, $175. Modulator only, 
kit form, $159; wired, $169. 

Globe King: This is classified as a "me - 

Flat 300 -ohm transmission line shown below 
can be fashioned into a simple, "half -wave' 
dipole antenna that will get you on the air. 

dium high power" transmitter, being rated 
at 435 watts. It consists of three sections 
in a 281/4 inch TVI shielded steel cabinet. 
From top to bottom, they are the r.f. unit, 
the speech modulator with power supply, 
and the dual power supply for the r.f. sec- 
tion. A total of 18 tubes is employed. A 
special wooden crate is used for shipping 
purposes. The complete transmitter in kit 
form is $495; assembled, $515. The indi- 
vidual units are available as follows: r.f. 
section, kit, $189.50; wired, $199.50; power 
supply, kit, $119; wired, $129; speech 
modulator, kit, $189.50; wired, $199.50. 

Barker & Williamson Model 5100: One 
of the newest transmitters on the market, 
the Model 5100 is of striking appearance. 
In spite of its compactness-it measures 
only 22 x 11 x 14/4 inches-it is rated at 
150 watts for c.w. and 135 watts for phone. 
It features full bandswitching through six 
bands, v.f.o. or crystal operation, pi -net- 
work output, TVI suppression and built-in 
low pass filter. The unit uses 18 tubes. 
Factory -assembled only, this is a high- 
grade instrument and sells for $442.50. 

Hallicrafters HT -20: Designed in mod- 
ernistic style to match the well-known 
Hallicrafters receivers, the HT -20 is a 100 - 
watt table type c.w.-phone transmitter of 
rugged construction. The cabinet size is 
20 x 121/4 x 171/4 inches. Twelve tubes are 
used. Sockets are provided for 10 crystals. 
An external v.f.o. can be employed if de- 
sired, a power take-off socket being in- 
cluded on the rear of the chassis. A single 
meter indicates current values in eight dif- 
ferent parts of the circuit. Tight shielding 
and extensive filtering make the unit TVI- 
proof. Factory -assembled only, at $449.50. 

Collins 32V-3: Although this compact 
table -top transmitter sells for $775 without 
accessories, it is probably the most sought- 
after instrument of its kind in the ham 
game. This admittedly high price for a rig 
rated at 160 watts c.w. and 140 watts 
phone pays for the following features: ex- 
treme accuracy and stability of the vari- 
able frequency oscillator; double shielding 
of the r.f. section; very thorough filtering 
and shielding to eliminate TVI; flexibility 
of operation; full bandswitching; and gen- 
erally rugged construction. Overall dimen- 
sions are 21 x 12 x 14 inches. The weight 
is 113 pounds, which gives some idea as to 
the quantity and quality of components 
contained inside. Factory assembled only. 

Antennas: Ham antennas 'assume weird 
and devious shapes. To get on the air 
quickly, easily, and cheaply, the best bet is 
probably a simple "half -wave" dipole made 
of flat 300 -ohm transmission line. You can 
use common TV lead-in, but this is usually 

(Continued on page 119) 
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New Electronics Experimenters Kit 
Without using solder or tools, your youngster 
can build fourteen real circuits with this Kit. 

ANEW and different approach to learn - 
ing electronics is embodied in the unique 

kit shown above. While it will serve 'for 
any beginner regardless of age, it is espe- 
cially recommended for your son or other 
beginner who is interested in learning this 
subject. 

Without the need for soldering or the 
use of any tools, and with the aid of spe- 
cial templates, a child can construct four- 
teen different circuits, from a simple crys- 
tal receiver to a one -tube radio receiver. 
Of special interest is a code practice trans- 
mitter that can be built. This unit sends 
signals that can actually be picked up, if 
desired, by any nearby receiver, such as 
the one in your living room. 

Complete in every respect, the kit con- 
tains all necessary parts including the 
batteries that are used as power, a vacu- 
um tube, crystal, headset, antenna and 
ground wires, connecting leads, and even 
a code sending key and base. 

All connections are made by patented 
"Jiffy" clips which are simple, easy, and 
foolproof in operation and eliminate the 
need for soldering or using any tool. The 
"Jiffy" method of circuit hook-up is used 
in electronics courses in many high schools 
and colleges and has been found to be 
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practical and simple for circuit building. 
The templates are especially valuable to 

youngsters for their educational function. 
For each circuit that the kit can build 
there is a separate template showing the 
point to point connections between compo- 
nents. This not only facilitates the actual 
construction, but teaches the builder some- 
thing of the electronic theory behind the 
circuit. After he has built a circuit with 
the aid of the template, the youngster can 
then try to construct the circuit without 
the template, following only a conventional 
schematic. The instruction sheets that are 
included in the kit show the symbol, pic- 
ture, part number, and name of each part 
in the kit. 

This is not a "dead-end" kit that be- 
comes useless when all its fourteen cir- 
cuits have been built. Rather, additional 
parts may be added to expand the kit's 
usefulness so that it will function in ever 
widening areas of electronics. The kit is 
designated as Model T-100 and may be 
purchased for $14.95 direct from the manu- 
facturer, Science Electronics, Inc., 485 
Main St., Cambridge, Mass. A free sam- 
ple "Jiffy" connector as well as descrip- 
tive literature are available on request to 
the manufacturer. END 
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Electronics 
Shapes Home 
of the Future 
THE increasingly important role played 

by electronics in our daily lives is indi- 
cated by the household items shown here. 
Presented by the National Broadcasting 
Company during its "World of the Future" 
telecast of the Home Show, these elec- 
tronic devices are not science-fiction fanta 
sies, but actual possibilities, which are now 
or will be marketed to the public. END 

"Chef Phillip" demonstrates Raytheon's new 
"Radarange." It roasts a turkey in an hour, 
broils steaks in three and a half minutes, 
cooks corn and bakes potatoes in a few seconds. 
Home models are expected early this spring. 

Hugh Downs shows actress Ar- 
lene Francis and artist Jack Gog- 
gins a mock-up of a new compact 
television set being developed 
by General Electric. The screen 
is light enough in weight to be 
hung on the wall. The set elim- 
inates the bulk of the picture 
tube and its electronic gun. 
Transistors will replace conven- 
tional tubes. Color sets designed 
along these lines will prob- 
ably be available in ten years. 

Being marketed now is the pocket 
radio held by Mr. Coggins. Made 
by RCA, it utilizes transistors. 

Microphone and loudspeaker cot nected to the 
base of this telephone enable you to answer it 
from a distance without lilting he receiver. 
Developed by Bell Telephone Laboratories, it 
s the first remote telephone on the market. 
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For proper archival storage of tape in can, dried blotting 
paper must be cut to fit inside the can on top and bottom. 

LONG TERM archival storage of mag- 
netic records should differ from tempo- 

rary storage of the same medium. In addi- 
tion to the physical conditions of storage, 
archival recordings should be recorded 
somewhat differently from those intended 
for short period storage. Engineering data, 
legal matters, and Junior's first immortal 
words (to his parents) might be the subject 
matter of long term storage-over a year 
from our point of view. Dictation to be 
transcribed within a few days, capers at a 
party for the absent guest, and radio or TV 
sound programs for the husband who was 
working at the time are examples of short 
term or temporary storage. 

Before considering the physical conditions 
of storage such as humidity, temperature, 
and exposure to magnetic fields, the echo 
effect common to both tape and wire records 
should be discussed. 

Perhaps you have rubbed a screwdriver 
against a magnet and have learned that it 
too becomes a magnet. Or perhaps you put 
the screwdriver in a leather tool pouch with 
a TV ion trap against the pouch and found 
a few days later that the screwdriver had 
become magnetized. Actual contact is not 
required for one magnet to magnetize an- 
other. The amount of magnetism induced 
in the screwdriver depends on several pri- 
mary factors such as : Magnetic intensity, 
the magnetomotive force in the ion trap in 
this example; Distance, where the path is 
broken by an air or other nonmagnetic gap; 
and Time, time in proximity to the source 
of magnetomotive force. 

A magnetic record behaves similarly to 
the simple example of the screwdriver and 
the ion trap. First, the process of record- 
ing produces a magnetic field on the record. 
This magnetic field varies with the sound 
which is recorded. Second, each individual 
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turn on a reel of recorded tape is near other 
turns. Its predecessor and the turn follow- 
ing it are separated by the thickness of the 
plastic base-a small distance. Further- 
more, turns of tape several thicknesses 
away are still near magnetically speaking. 
The tape will remain wound on the reel for 
a period of time which is relatively long in 
archival storage. 

A strong magnetic impression on the tape 
or wire may cause other unwanted mag- 
netizations of nearby turns with the passage 
of time. Such "secondary" magnetizations 
are called "echo effects." As many as seven 
distinct echoes have been noted from a 
strong initial magnetization in a year. 

Several things can be done to minimize 
echo effects. Firstly, we can record at a 
lower level to reduce the magnetic intensity 
of the recording-the lower the level the 
better. A simple procedure is to set up the 
recorder with the tape stopped, bring the 
microphone near the source of sound to be 
recorded until the peaks enter the overload 
range of the meter or indicator, and then 
move the microphone back-away-to three 
times the distance. By so doing, the play- 
back volume will have to be advanced, but 
far less echo effect will be observed. Now, 
rewind the tape or wire loosely. If possible, 
rewind by hand on another reel. This in- 
creases the separation between adjacent 
turns of the tape and greatly reduces the 
magnetic effect of one turn upon its pre- 
ceding and succeeding neighbors. In this 
rewinding procedure, a separator may be 
used, such as a blank tape or leader tape. 
Rewinding the tape each year will also re- 
duce the echo effect. 

Effects of Temperature and Humidity 
Both high temperature and high humid- 

ity have their adverse effects on long term 
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of Magnetic Recordings 
tape recordings and wire records. It is easy 
to see how these agents cause corrosion of 
wire. Older wire made of iron can rust, 
although most recording wire is stainless 
or plated to be rust resistant. Tape base 
may be a good place for fungus growths to 
settle down and reproduce themselves, 
thereby damaging the plastic base of the 
tape and loosening the magnetic coating. 
Moisture may also cause the adjacent turns 
of the tape to stick together so firmly that 
the tape will break. At temperatures over 
about 85° F. the tape may lose its limpness 
-it has a special lubricant which helps it 
keep limp to conform to the contour of the 
heads. It will become somewhat brittle, 
adding to the possibility both of breaking 
and flaking off of the magnetic coating. 
About 50 per -cent relative humidity is the 
best moisture content in air at a maximum 
of 60 to 65 degrees Fahrenheit. Even lower 
temperatures and humidities are satisfac- 
tory. 

Storage Containers 
Archival records should be stored in cans 

similar to those used for motion picture 
film. The diameter of the tape with its reel 
will fit snugly in such a can, but will leave 
space in the depth (photo). This space can 
be used for some form of desiccating agent 
such as ordinary blotting paper cut in half. 
Several of these blotting sheets should be 
dried out in a vented oven to permit water 
vapor to escape and have been allowed to 
cool in the oven. These cool sheets are cut 
in half and placed on top of the reel of tape. 
While silica gel is a better desiccant, it has 
the bad feature of shaking out of the bags 
and making some parts of the tape too dry, 
thereby impairing its limpness. Blotting 
paper or any other unfinished paper stock 
will do as well. The cover is put on as soon 
as the paper is placed over the tape on its 
reel and is sealed with surgical adhesive 
tape or black electrician's tape. 

Storage in such containers minimizes the 
possibility of exposure of the record to stray 
magnetic fields. The metal container acts 
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as a shield. Nevertheless, the tins should 
not be stored on or near electric power 
lines or other wiring which might generate 
a relatively powerful magnetic field. Even 
a weak magnetic field me cause deleterious 
effects over a long time interval such as 
several years. Some film storage companies 
will provide storage facilities for such con- 
tainers. Most safe deposit companies will 
store them in their vaults at a fee which is 
less than the charges for a safe deposit box. 
Such space is called "silver storage" in 
some banks. Most safe deposit vaults are 
cool with low relative humidity. However, 
the container should not come into contact 
with a power line or even an extension cord. 

Recapitulation 

1. Record at the minimum level consis- 
tent with a desired reproduction of the 
weakest sound passages. Loud passages 
will become partially demagnetized with 
time, but very little change will occur in 
the weaker intensities of the record. The 
playback may be made on a machine 
equipped with an expansion control in or- 
der to correct the relatively greater loss of 
high intensities, and a tone control for 
some minor pitch changes with time. 

2. Store in reels which have been re- 
wound by hand, preferably with a blank 
spacer tape in between. 

3. Dry the container and the film with 
paper-dry paper-as the desiccating agent. 
The metal cans may be dried in an oven 
also if necessary. Cool the paper (cans too) 
prior to placing the tape and its reel in the 
container. If the tape is moist, seal up as 
described for a couple of days, open, remove 
paper, reinsert dry paper and reseal the 
can. If very wet, the process may be re- 
peated as often as required until the tape 
is perfectly dry. 

4. Seal the lid to the can proper with a 
good grade of relatively waterproof tape. 

5. Store at 50 to 75 degrees Fahrenheit, 
away from magnetic fields. Rewind every 
year or two if possible. Erin 
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RECORD NOISE 
WHEN a person attends a "live" concert, 

music is heard at its purest and best. 
Outside of the occasional cough or sneeze 
or the rustling of a program there is no 
background noise which distracts attention 
from the music. When one is listening to 
the "concert-hall-at-home"-a good Hi-Fi 
system, one is all too unhappily aware of 
any number of noises which intrude upon 
the music. These include rumble and hum 
from the system itself and noise generated 
by the recording. While most Hi-Fi fans 
eventually get rid of the hum and rumble 
problem, it does take time-and usually 
money. Your musical enjoyment can be 
greatly enhanced at little expense by the 
elimination of record noises. This can best 
be accomplished by careful selection of the 
records you buy, how you play your rec- 
ords, and how you care for and store the 
records. 

There are two main causes of noise on 
the modern long play record. One is the 
accumulation of static charges which are 
heard as "popping" and "crackling" sounds 
superimposed on the music. The other is a 
cyclic "scratch" and "hiss" and other 
noises caused by physical deformities of the 
record. The very first corrective measure 
you can apply to these problems is in the 
selection of the records you purchase._ .Ex- 
amine the records most carefully for nicks 
and scratches. Vinylite is such a soft ma- 
terial that it is almost impossible to get a 
record which is entirely free of all blem- 
ishes. Fortunately, unless the nick or 
scratch is deep enough to cause a "furrow," 
it will not be heard. Test the suspected 
scratch by gently running the tip of one of 
your fingernails across the scratch in the 
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direction of record travel. If you can "feel" 
the scratch with your nail, it will surely 
cause a big "click" or "pop." Loo4 partic- 
ularly for what appear to be tiny humps or 
bubbles in the record surface. Even with 
the light 5-6 grams pressure of your pick- 
up, the stylus will eventually break 
through these bubbles and Cause a huge 
"pop." Do not accept record. which are full 
of fingermarks. They may not mean a 
thing, but chances are me than likely 
that the record was demonstrated a num- 
ber of times, in the listening booth of the 
store. The styli in the playback equipment 
of the average store are usually osmium or 
at best, sapphire-both of which are usual- 
ly worn to a chisel edge, and which will 
literally gouge the music from the record 
groove. If it is at all possible, do not listen 
to the recording you select at the record 
store. Most good record stores will allow 
you to take the record home with you to be 
played on your own system and return for 
credit or exchange if you find it defective. 

Check the record for warpage and for an 
eccentric or off -center spindle hole. These 
off -center records will cause any sustained 
tones, such as are found in piano, organ 
and violin music, to "wow" or waver in 
pitch. The off -center record is a really big 
problem today and you must be constantly 
on guard for it. 

Observe your pick-up arm on the record 
while it is being played. A "swinger," as 
they are called in the trade, will cause your 
arm to waver to and fro in a lateral motion 
across the disc. Hiss and static charges can 
best be taken care of by the use of anti- 
static preparations and devices now on the/ 
market. Most commonly used are liquids 
which are wiped or sprayed on the disc. 
Most of these work fairly well, but be care- 
ful to use the material sparingly and wipe 
off any excess. Too much of these liquids 
applied too often can result in the grooves 
of the disc becoming "gummy" with subse- 
quent reduction of the high frequency re- 
sponse. There is a concentrated liquid 
known as "K-33," which is a very efficient 
record cleaner and anti -static agent. The 

(Continued on page 112) 
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By BERT WHYTE 

DISC REVIEW 
THIS month we will continue with the survey of 

high fidelity recordings of works that should be 

in everyone's basic library. You will recall that 
the records are chosen on the basis of sound qual- 
ity. I do not mean to patronize anyone when I 

say that an appreciation of performance can only 
come with musical maturity. If the recording I 
list is concomitantly a good or a "best" perform- 
ance, I will so state. After all, not everyone can 
have the discrimination of the musically trained 
person, but nearly everyone can tell the difference 
between a good or bad sounding recording. As 

with the previous column, works will be chosen 
from three major musical eras-the classical, the 
romantic and the modern. 

Perhaps the most cheerful and melodic of all 
Beethoven symphonies is the Sixth, the Pastorale. 
It is also one of the few Beethoven works to which 
a "program" has been ascribed. If you have been 
fortunate enough to have seen Walt Disney's 
Fantasia, you may recall the almost perfect graph- 
ic example of Greek mythological figures cavorting 
in the fields and forests of the lush countryside 
and scurrying for cover when the storm breaks. 
When the storm is over the unicorns, winged 
horses, and other fabulous creatures reappear, and 
all is peaceful and serene again. There are current- 
ly sixteen recorded versions of this symphony. Of 
this number, six can truthfully be described as 
Hi-Fi in quality. Erich Kleiber's reading on Lon- 
don LL916 is, in my opinion, the best sounding of 
the six. Exceptionally smooth strings, very "live, 
breathy" woodwinds, and clean percussion are 
combined with just the right amount of hall rever- 
berance for maximum "presence." Mr. Kleiber's 
performance is also first rate. Between Steinberg 
on Capitol P8159, Beecham on Columbia ML4828, 
Scherchen on Westminster 5108, and Von Karajan 
on Angel 35080, there is little to choose. All are 
good sounding recordings, with Steinberg's a shade 
better than the others in sound and with Von 
Karajan giving the best performance. Lastly we 
have the redoubtable Toscanini on Victor LM1755. 
While this recording barely qualifies as Hi-Fi, it is 
by all odds the best performance. Of course the 
final judge is your ear. Listen to all six of these 
recordings if you can. You can purchase any of 
them and feel certain that you are getting a mod- 
ern, good -sounding recording. 

One of the best known of all symphonic works 
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is Tchaikovsky's Nutcracker Suite. This too, was 
depicted in Disney's Fantasia, making the work 
familiar to countless thousands of people. Hardly 
a day goes by that this suite is not played some- 
where in the world. And no wonder, for this is 

music with a universal appeal. Full of gay lilting 
melodies and brightly orchestrated dances, the 
various sections like the "Waltz of the Flowers" 
and "Dance of the Sugar -plum Fairies," are as 
well known to most people as the "pop" ballads 
of the day. Because of its wide audience, the work 
has been the subject of many recordings. No less 

than twenty-three versions exist, some of which 
are real "clunkers"! Five of the twenty-three can 
be considered Hi-Fi recordings. The best sound 
and incidentally the best performance is Stokow- 
ski's version on Victor LM46. There are a great 
many tricky little effects in the Nutcracker Suite, 
which are important to the over-all quality of the 
sound. Absolute clarity must be obtained from 
the triangles and celeste, from the high flute and 
piccolo passages, and the pizzicato of the strings. 
Stokowski has demanded and received this kind 
of recording from his engineers. Throughout, this 
recording is very clean and free of "fuzziness" in 

the strings which mars several otherwise good re- 
cordings. The other recordings, while all good 
enough to be Hi-Fi, have faults here and there 
which keep them out of the top spot. In order of 

quality they are: Fistoulari on London LD9130; 
Ormandy on Columbia ML4729; Von Karajan on 
Angel 35004; and Desormiere on Capitol P8140. 
One other recording should be mentioned. You 
may have noted that this work is listed as the 
Nutcracker Suite. This is because the music is 

actually taken from a complete ballet called the 
Nutcracker. This ballet contains all of the music 
in the suite and much more that is interesting and 
very colorful. Dorati and the Minneapolis Sym- 
phony have recorded the complete ballet on Mer- 
cury OL -2-101. This is a fabulous recording with 
the sections of the suite sounding even better than 
the Stokowski. Super wide frequency response and 
dynamic range in this recording, with tremendous 
bass drum and tympani sounds, combining with 
stunning cymbal clashes. Really Super -Fi, this 
one, and if you can afford the 2-12" LP's the 
work occupies, this is it. A superb "show-off" re- 
cording, that will tax the capacities of any system. 

(Continued on page 124) 
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ESCAPEMENTS 

& SERVOS 
---ti_ THE more advanced the radio -control hob - 

FORD, JR. í 1 byist becomes, the more functions he 
seeks to control on his model airplane, 
boat, or racing car. To effect multiple 
control operations, complicated escape- 
ments have been designed. Some of these 
will be explained in this article. 

The escapement illustrated in Fig. I. was 
created in order to obtain direct control 
over two physical functions using a single - 
channel type receiver. In model aircraft, 
for example, it is used to control both rud- 

,,.....,,, der and elevator. One particular advan- 
tage of this unit is that it only deflects the 
control surfaces in the "on" signal posi - 

9, 
tions and returns both to neutral in the _._. "off" signal positions. This is a safety fea- 

onsiderable merit. \,' N tij that this escapement consists of 
t -finger escapement arms and catch - 

>H/."/ M-.gnlw/ 

RUBBER 
BAND 

/T 
CONTO ROL 

SURFACE 

Fig. 1. A type 2 compound escapement in which 
one standard two -linger escapement is used to 
actuate two separate control loops via a cam. 

LOOP L. 

RUBBER 
BAND 

TO 
CONTROL 

SURFACE 

RUBBER 
BAND 

STANDARD 
TWO FINGER 
EUCAPEMENENT 

TO RECEIVER 
RELAY AND BATTERY 
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points located on a single plate with a cam 
mounted between them. The cam has a 
small pin extension C. In the drawing, a 
small spring is shown holding catchpoints 
2 and 3 firmly against the cam wheel caus- 
ing 1 and 4 to rise up and intercept fingers 
A and D. This is the starting neutral posi- 
tion. 

If now, a signal is sent causing the stand- 
ard two -finger escapement to move finger 
F to position 6, the cam is caused to ro- 
tate 90 degrees counterclockwise pushing 
catchpoint 2 forward causing catchpoint 1 

to move down, releasing A. As A rotates 
clockwise, finger B is intercepted by catch - 
point 2 and held. Loop N is deflected to 
the left. 

Now assume that the signal ceases. The 
arm on the standard escapement rotates 
another 90 degrees until G is intercepted 
by 5. Through loop L, the cam is rotated 
another 90 degrees, allowing catchpoint 2 

to be pulled back by the spring and forc- 
ing 1 up to intercept B. Loop N is again 
at neutral. 

Another "on" signal causes the cam to 
push catchpoint 3 forward to intercept E, 
deflecting loop M to the right. An "off" 
signal sends the cam back to the starting 
point, leaving E held firmly by 4 and loop 
M again at neutral. 

Tracing the action through a second 
revolution of the cam will show that first 
loop N is deflected to the right, then 
brought to neutral, then loop M is de- 
flected to the left, and brought back to 
neutral. It has taken two complete revolu- 
tions of the cam to go through the com- 
plete cycle of operation for both loops. 

Although it is necessary to go through 
the complete cycle in order to effect any 
one desired control and return to the 
original starting position, this is not neces- 
sarily a disadvantage if the operation is 
done fast enough. Other surfaces may 
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MIS BET GONTACTg 

"8" ONLY 

Far left, Fig. 2. Back 
view of an ECCO com- 
pound escapement which 
uses two four -finger 
units and two cam wheels 
to actuate two "Y" 
yokes, each with its 
own shaft. This allows 
two control functions. 
Left, Fig. 3. Simplified 
drawing of the ECCO 
compound escape- 
ment showing how the 
four -finger units op- 
erate separately with 
a single solenoid. 

move, but will not be held in a deflected 
position long enough to affect the steering. 

Another multiple escapement, this one 
sold by ECCO, is illustrated in Fig. 2. The 
back cover has been removed in order to 
reveal the special working parts. It, too, 
allows control over two physical functions. 
It is a single, self-contained unit requiring 
but a single rubber band for power. 

The movement of the two output shafts 
is obtained through the use of the two 
specially shaped cams, the two "Y" yokes, 
and two sets of "four -fingers" which en- 
gage the armature catchpoints. The two 
catchpoints are offset from each other so 
that only one set of fingers contacts the 
"on" catchpoint, the second set contact- 
ing the "off." This is illustrated in Fig. 3. 

If the outer cam of Fig. 2 were to ro- 
tate 90 degrees clockwise because of rota- 
tion of the fingers, the protrusion of the 
cam would force the left half of the "Y" 
yoke to the left. At the same time the 
indented portion of the cam is moved op- 
posite the right half of the yoke, allowing 
motion to the left. Another quarter rev- 
olution returns the "Y" to neutral. The 
third quarter revolution moves the "Y" 
right, and the final 90 degrees returns the 
"Y" to neutral and the cam to its original 
starting position. This action has taken 
place in four steps. 

Since there are two sets of "four -fin- 
gers," mounted as illustrated in Fig. 3, 

there are actually eight catch positions in- 
stead of just four. Thus, with the proper 
placement of the two cams, the signal se- 
quence is as shown in Table 1. 

Notice that the deflection of the yokes 
occur only in the "on" signal positions. 
This again is a fail-safe feature. 

Servos 

First, to remove any mystery that might 
be connected with the word servo, this 
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Fig. 4. Top and side views of a typical servo 

word comes from the Latin and means 
slave. Since slaves were once used to do 
the hard physical work, the word in mod- 
ern electronic parlance has come to mean 
the unit which furnishes physical power 
in a control system; in particular, motors. 

The De Bolt 2PN "Multi -Servo" shown 
in Fig. 4 is an electric motor with asso- 
ciated reduction gears, switches, and anti - 
coast device. It can be used in the same 
manner that the standard two -finger es- 
capement is used to move control surfaces. 
The designation 2PN indicates its opera- 
tion. This stands for "two positions-one 
neutral." 

Examination of Fig. 4 will reveal the 
small brass terminal on the face of the 
fiber disc to which the linkage to the con- 
trol surface is fastened. Notice also the 
two brass switches mounted below and be- 
hind the output disc, and the small fiber 
pins on the inside of the fiber disc which 
open the switches at the proper time. 

Comparipg this unit to escapements 
highlights the following: 

1. No rubber bands are required. 
2. Servos are small and lightweight (2 

ounces). 
3. They have fast response and are re- 

liable. 
4. They require conservative battery 

Fig. 5. Physical drawing indi- 
cating how a servo may be 
used in a radio -control model 
airplane for proportional con- 
trol of the elevator. It can be 
used also for the rudder. 

unit for radio control. Motor is about 1" wide. 

power (2 pen cells or their equivalent). 
5. They are failure -safe in case of re- 

ceiver failure. 
6. They consume no power in any 

control or neutral position. 
7. They are rugged and compact. 
8. They have a simple and definite 

control sequence. The sequence is easy to 
remember and transmit using a standard 
pushbutton, it is "off" for neutral; "on" 
for left; and "on -off -on" for right. 

Fig. 5 shows a typical wiring setup for 
a servo. Notice the fiber disc and the 
fiber shafts labeled N, R, and L. In the po- 
sition shown, neutral, shaft N is depress- 
ing switch 2, opening its connection to D. 
The shaft does not open switch 1 since this 
switch is located lower than switch 2 and 
shaft N is placed nearer the center of the 
disc than L or R. 

Let's trace through a signal sequence to 
see the operation. First an "on" signal is 
transmitted. The armature of the receiver 
relay F is pulled down to make contact 
with G. This lets power flow from the bat- 
tery through the relay to' B of switch 1. 
B is making -ontact with A, so the power 
goes through this switch to one side of 
the motor. The second motor lead is per- 
manently fastened to the battery, so the 
motor runs, turning the fiber disc in a 

ELEVAT 
STANDARD 
LOOP 
LINKAGE 
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clockwise direction until shaft R opens 
switch 1, breaking the circuit and causing 
the motor to stop. As the fiber disc ro- 
tates, it moves loop Z to the right, giving 
down elevator. As long as the signal is 
sent, the loop will remain deflected, but 
since the circuit to the motor is open, the 
servo consumes no power. 

Now the signal ceases. The receiver re- 
lay armature moves from G to E. Power 
now flows through switch 2 to the motor, 
causing it to run again. It runs until shaft 
N opens switch 2, opening the circuit. 
Loop Z is back to neutral. 

To get' up elevator, the sequence is "on - 
off -on," holding the second "on" as long 
as this control position is desired. It is im- 
portant that the sequence be sent at a me- 
dium rate and not too fast. The first "on" 
causes the motor to run as before, but in- 
stead of stopping, the "off" signal comes 
and routes power through switch 2 while 

SIGNAL 
"ON" 
"OFF" 
"ON" 
"OFF" 
"ON" 
"OFF" 
"ON" 
"OFF" 

TABLE 1 

CAM # 1 CAM # 2 

"Y" Left "Y" Neutral 
"Y" Neutral "Y" Neutral 
"Y" Neutral "Y" Left 
"Y" Neutral "Y" Neutral 
"Y" Right "Y" Neutral 
"Y" Neutral "Y" Neutral 
"Y" Neutral "Y" Right 
"Y" Neutral "Y" Neutral 

switch i is being opened up by the shaft R. 
The second "on" comes as L approaches 
switch 1, and since this signal is held, the 
motor stops running when L opens switch 1. 

The loop Z will now be right, giving up 
elevator. When the signal stops, the motor 
again returns the loop to neutral. While the 
illustrated action has concerned the ele- 
vator, it should be mentioned that it works 
as well for rudders or steering wheels. END 

A PORTABLE 
GEIGER COUNTER 
DESIGNED for uranium prospect- 

ing is this new portable, battery - 
operated Geiger counter. It fea- 
tures rugged construction, two sen- 
sitivity ranges, built-in loudspeaker, 
supersensitive lightweight probe, 
and a large count meter that can 
be read at arm's length. The unit 
measures 10" x 4%" x 53'8". Known 
as Model F-6, it is made by Tech- 
nical Associates, 140 West Provi- 
dencia Avenue, Burbank, Cali- 
fornia and retails for $159.50. 

A NEW RECEIVER FOR RADIO CONTROL 

NAMED the "Telecommandei 
951B," this new subminia- 

ture R/C receiver utilizes a 3Q4 
tube in a permeability tuned 
circuit. The built-in 6 -pin plug 
accommodates all external con- 

=nections. A 6 -pin socket is sup- 
plied. This set uses the same 
circuit as Model 951A, but in- 
cludes the P-100 relay. The set 
is ready to install and operate 
and is fully guaranteed by the 
manufacturer. It weighs 3 oz. 
Priced at $21.95, it is available 
from hobby dealers or from 
American Telasco Ltd., Hunt- 
tington, N. Y., the American dis- 
tributor for the manufacturer, 
ECC (Telecommander) Ltd. 
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TWO DETECTORS 

AT JERRY'S INVITATION, Carl had ac - 
companied him to Carter's Feed Store 

on their way home from school. Not until 
they were inside the store did the long and 
rangy Carl learn that his chubby com- 
panion had a reason behind his invitation : 

he wanted help in carrying home some of 
his recording equipment that was at the 
store. Jerry thanked Mr. Carter profusely 
for something-Carl could not make out 
exactly for what-and the two boys 
started home. By some chance Carl found 
himself carrying the tape recorder that 
weighed a good thirty pounds, while Jerry 
padded along carrying a timer clock whose 
weight could be measured in ounces. 

"You know," Carl ruminated aloud, "I 
used to wonder why you didn't take up 
with a good strong packhorse for a chum 
instead of me; but then I realized you 
would have to feed a horse!" 

"Let's not be bitter!" Jerry said as he 
delicately steadied the clock on top of his 
flat -top crewcut with the right forefinger 
while, with his left hand on his hip, he 
minced along with the exaggerated prance 
of a baton twirler beside the trudging 
Carl. "You are a victim of what might 
be called muscle oblige, which is French 
for, 'Them as has muscles have gotta use 
'em.' " 

"That's so nice to know," Carl observed 
sarcastically. "Why did you have this re- 
cording junk down at the feedstore, any- 
way?" 

"I wanted to make a recording of rats 
squealing, and that store has got the rats. 
I nailed a piece of meat to the floor just 
under the microphone and set this timer 
clock to cut the recorder on for fifteen 
minutes around midnight. I figured that 
by that time the rats would be having a 
real ball and I ought to get some dandy 
squealing." 

"And why," Carl patiently pursued, "did 
you want a recording of rats squealing?" 

"For the new party game tape I'm 

working out called Horror Story Sound 
Effects. On this tape will be several sound 
effect strips, each one representing the 
sounds that might have been heard in an 
important scene from a well-known horror 
story. At a party this tape will be played 
in the darkness and the guests will try to 
guess the title of the story represented 
by each sound effect. As an example, I 
rasp a mason's trowel across a brick a 
few times, rattle a chain, and give a muf- 
fled crazy laugh with the microphone shut 
up in my clothes closet. That represents 
the scene where Fortunato is being walled 
up in The Cask of Amontillado, by Poe." 

"Hey, that's keen," Carl applauded. 
"For The Pit and the Pendulum, I want 

to use the sound effect for the story's 
climax where the swinging crescent of 
sharp steel is just about to cut into the vic- 
tim while the rats are squealing and fight- 
ing as they gnaw at his food -smeared 
bonds. Swishing a wood lath back and 
forth in front of the microphone takes 
care of the sound of the swinging knife, 
but nothing sounds like a rat squealing but 
a rat himself." 

"Well," Carl observed as they reached 
the basement entrance of Jerry's labora- 
tory, "We'll soon know what we've got 
on the tape." 

In a few minutes the recorder was set 
up and the boys were listening intently to 
the faint rustling sounds coming from the 
speaker. At first, these were the only 
sounds heard, but after a few minutes the 
rats apparently became accustomed to the 
slight noise made by the running recorder 
and returned to their feast. As they did 
so, their fighting and squealing rose to a 
crescendo which was all Jerry could want. 
He reached over to switch off the reoorder, 
but just as he did so a sound came from 
the speaker that stopped his hand in mid- 
air. It was a man's gruff voice, faint and 
muffled, but clearly understandable: 

"You're late. How come?" 
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"The job took longer than I expected," 
a younger man's voice replied. "She took 
an awful lot of choking before she finally 
died and I had to drag her into the 
garage." 

"No one saw or heard you, did they? 
Those Hollywood types get a lot of at- 
tention." 

"I'm sure they didn't. Now I've got an- 
other problem. The boss says I've got to 
get rid of the body right away. How 
about your helping me dump it tomorrow 
night?" 

"Okay. Do you think we ought to cut it 
up first to make identification impos- 
sible?" 

"That won't be necessary. We can just 
throw the body on your flatbed truck and 
spread a canvas over it and then drive to 
that old abandoned stone quarry west of 
town. Once it's at the bottom of that, no 
one is ever going to find it." 

"All right, I'll be over at your place with 
the truck about twelve -thirty tomorrow 
night; then we can-" 

At this point the slapping of a freed end 
announced that the short tape had passed 
through the machine. 

"Holy cow!" Carl breathed softly, 
"What a time to run out of tape! We've 
been listening to a couple of murderers." 

"And the victim must have been a pretty 
Hollywood starlet," Jerry said, his staring 
round eyes matching his round face. "That 
microphone was hanging just below a win- 
dow that opens out into an alley. Those 
killers must have been standing just out- 
side that window." 

"Well, what are we waiting on?" Carl 
demanded as he jumped to his feet. "Let's 
take this recording down to the police." 

"Hold on," Jerry admonished. "Don't 
forget that since the police found we were 
behind that starling -searing business, we 
are not exactly the fair-haired boys with 
them. If we take this down there now, 
they will think we cooked the whole thing 
up ourselves." 

"Surely you're not going to just sit there 
and let those crooks get away with chok- 
ing that pretty little starlet to death, are 
you?" Carl demanded as he paced im- 
patiently up and down the laboratory. 

"No, but we've got to go at this calmly," 
Jerry announced as he assumed his favor- 
ite position on the couch with his head 
pillowed on his clasped hands. "After all, 
the crime has already been committed, so 
we can't stop it from happening. What 
we want to do is make sure the murderers 
are punished, right?" 

"I guess so." 
"We know they are going to try and 

dispose of the body tonight shortly after 
midnight; and we are both familiar with 
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the quarry where this is to take place. 
All we have to do is let them try to carry 
out their plan and then arrange for the 
police to catch them right in the act." 

"And just how, if I may be so bold as to 
ask, are we going to manage this little 
thing?" 

"Suppose tonight we ride our bicycles 
out to the west edge of town and take 
along a couple of those two -meter walkie- 
talkies our radio club built up for Civilian 
Defense work. One of us can station him- 
self at the stone quarry, and the other 
can stay close to that all-night drugstore 
at the edge of town. That means we'll 
only be about a mile apart and can com- 
municate with each other easily. Then 
when you-I mean when the person at the 
quarry sees the truck turning into the 
quarry gate he can flash the word to the 
fellow at the drugstore. This fellow can 
then telephone the police to send a squad 
car to the stone quarry. After the squad 
car has arrived and caught the cold- 
blooded killers right in the act of dispos- 
ing of the body, we can come forward and 
modestly admit we were the detectors-I 
mean the detectives-who engineered the 
whole clever affair. Any questions?" 

"Just one," Carl said slowly as he glow- 
ered suspiciously down at the reclining fig- 
ure of his chum. "Who stands watch at 
the quarry?" 

"Why, Carl," Jerry said with round -eyed 
elaborate carelessness, "I hadn't even 
thought about that, but I'd better take 
the job. Of course, since I'm short -legged 
and a little inclined to be pleasingly plump, 
I couldn't run very fast if something went 
wrong, and the men would be sure to catch 
me and send me down to the bottom of 
the quarry too, but that's all the more 
reason why I wouldn't want my best friend 
to take any chances, even though he is 
the fastest sprinter oúr high school has 
ever had. After all-" 

"All right, all right!" Carl interrupted. 
"I'll go to the quarry; but don't think 
you suckered me into it. It's just that 
I'd as soon be scared to death as talked 
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to death. I'll get the gear together and 
see you back in the alley about eleven 
o'clock." 

But Carl did not get out of the house 
at eleven. His folks were watching the 
late TV show, and it was impossible for 
him to get out of the house without their 
noticing until almost a quarter to twelve. 
The two boys rode their bicycles swiftly 
to the edge of town and there they parted. 
Jerry took up his vigil in a dark shadow 
beside the drugstore, while Carl bravely 
rode off into the darkness along the road 
leading past the quarry. 

It seemed a long time before Jerry sud- 
denly heard Carl's welcome voice in the 
earphone of the walkie-talkie pressed close 
against his ear: "W9CFI, this is W9EGV 
calling. How do you copy?" 

"Five by nine," Jerry said softly with 
his lips almost touching the mike of the 
transceiver. "Where are you?" 

"Under the bridge that leads off the 
road into the quarry," Carl reported. "This 
ditch is dry and deep enough for me and 
my bike both to get under here. What time 
is it?" 

Jerry cautiously peered around the 
corner of the building at the clock hang- 
ing in the front window before he an- 
nounced, "Twelve forty-five. See anything 
of the murderers yet?" 

"Don't use that word!" Carl said hoarse- 
ly. "I hope this doesn't take long. It's 
not exactly cosy under this bridge." 

"I believe that," Jerr:T said, "because I 
can hear your teeth chattering." 

"Hey, I see a pair of lights coming down 
the road," Carl announced excitedly. "I'm 

going to duck back under the bridge, and 
if you hear the truck pass over, get ready 
to make that phone call muy pronto. It's 
getting closer; now it's slowing down-" 
his voice trailed off at this point, but he 
kept the transmit switch held down, and 
Jerry could distinctly hear the hollow 
rumble as a heavy vehicle passed over the 
wooden bridge. 

It's them," Carl said in a hoarse whis- 
per with a reckless disregard for his Eng- 
lish. "Make that call and ride out here 
as fast as your fat little legs will carry 
you. I may need help." 

Waiting to hear no more, Jerry tossed 
the transceiver into the basket of his 
bicycle and slipped into the phone booth 
of the drugstore. He dialed the already - 
memorized police number and tucked 
his chin down so as to make his voice 
come from his chest, rendering it- 
he hoped-deeper and more mature. As 
soon as a man's voice answered, he care- 
fully intoned: "Listen carefully. Two mur- 
derers are disposing of the body of a victim 
at this very moment at the old stone 
quarry a mile west of town. If you send a 
squad car immediately, you can catch them 
in the act." 

Then, without waiting for an answer, he 
quietly hung up the receiver and slid out 
of the drugstore. Now, ordinarily Jerry 
had an almost pathological aversion to 
exercise in any form, but let it be said to 
his credit that this once he did not spare 
the horse power as he pedaled swiftly 
down the road toward his friend in danger. 
The night was dark, and he kept his 
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Aluminum Jaws Protect Work in Vise 
SMALL metal brackets and other parts 

may get nicked and scratched when 
clamped in a vise. Avoid such damage by 
borrowing a trick from professional ma- 
chinists and provide a set of smooth -face, 
soft metal jaws for the vise. You can make 
them in a few minutes, using the new "Do - 
It -Yourself" aluminum available at hard- 

ware stores. Get an extruded angle 1" x 1" 
x Mg". Cut and bend it as shown in the 
sketch. Make up two pieces and slip them 
over the vise as shown in the photograph. 
Small and relatively delicate parts may 
now be held in the vise without fear of 
damage. L. E. G. 
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àke Use '. 

--z-of Jobbers 
Catalogues 

ANYONE who has ever yearned for a 
piece of electronic equipment that is 

more technically advanced than, say, an 
ordinary lamp cord socket, knows that such 
items as switches, resistors, relays, and 
often tubes cannot be found at local hard- 
ware stores or at the neighborhood service 
shop. The source for parts and components 
-such as you would need to build many of 
the devices described in this magazine-is 
generally a large supplier who sells to the 
amateur and professional technician alike. 
This supplier is known in the industry as a 
"parts jobber." The link between manufac- 
turers and the public, a jobber may carry 
everything from a $1000 sound system to 
round -head screws. 

Knowing what the jobber has means 
knowing what you can get. For this rea- 
son, the jobber's catalogue is of tremen- 
dous service to anyone seriously contem- 
plating the purchase of parts, whether it 
be to stock his own repair shop or to 
build a device for his own amusement. 

A brief run-down on what is contained 
in a typical catalogue, published by one 
of the larger jobbers, will give you an 
idea of how you can benefit by owning 
and consulting it. 

The catalogue contains many pages 
that list parts; components, tools, instru- 
ments, kits, and even technical books 
available for purchase. Descriptions of 
these items include both general and 
technical specifications as well as illus- 
trations. In addition, many include recom- 
mendations for specific use and special 
applications. Simply thumbing through 
the catalogue is an education, since it 
provides you with technical and com- 
mercial insight into these items, gives you 
a broad picture of the parts field, and 
helps you plan toward your own needs. 

In addition, the catalogue contains mail 
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order instructions and provides forms for 
convenient ordering through the mail. 
This is of particular value to those liv- 
ing in rural areas which may be incon- 
veniently located when it comes to direct, 
over-the-counter purchase of parts. The 
catalogue also describes the special serv- 
ices that a jobber will provide on request, 
such as advice on particular problems. 
Finally, the catalogue contains two in- 
dexes-one on the products and one on 
the manufacturers. 

These catalogues are revised and re- 
issued every year. Getting them succes- 
sively enables you to compare new models 
with previous models, check up on 
changes and improvements in various parts, 
compare prices and other trends that af- 
fect the radio -TV industry as a whole 
and that, to an extent, reflect the over- 
all state of the nation's economy. More- 
over, once you are on a jobber's mailing 
list to receive his catalogue, the chances 
are you will receive all subsequent "mail- 
ers" he may send out-many of which 
contain valuable up-to-the-minute in- 
formation. 

Some jobbers are specialists in one 
field of electronics. Their catalogues, in 
hddition to all the material just de- 
scribed, generally include additional in- 
formation on the subjects related to the 
special parts they sell. This is especially 
true of audio and hi-fi equipment houses 
which usually furnish a brief "course" on 
hi-fi in such catalogues. 

Perhaps the sweetest thing about it is 
that these catalogues are usually free. 
They are mailed, with no questions asked, 
to anyone requesting them. For a list- 
ing of parts jobbers who offer such cata- 
logues, may we suggest consulting the 
various advertisements in this and other 
issues of POPULAR ELECTRONICS. END 
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Robot" 

This printed circuit section represents approximately 
50 per -cent of the complete chassis and is produced 
by automatic machines. Result is lower cost TV set. 

Large drawing of circuit layout 
is photographed with huge cam- 
era that reduces it to actual size 
negative. "Picture" is then print- 
ed on aluminized plastic sheet. 

Printed circuits are inspected and retouched wherever needed. Large 
boards are then cut and punched with holes to receive parts and wiring. 
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