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AMERICAN BASIC SCIENCE CLUB'S 
E FCTRONICS ¿48 and RADIO COURSE 

All the Equipment for 65 Exciting Projects, including $ 80 
3 Tube Short Wave Radio Microphone and Audio Amp/ifier 

DC Power Supply Signa/ Tracer and many others.,.. on/y 
COMPLETE 
LAB AND 
COURSE I\ 

TROUBLE SHOOTING WITH THE SIGNAL TRACER 

YOU GET A VALUABLE 
ELECTRONICS LAB 

Containing parts by RCA, MALLORY, PYRAMID, 
GE, CENTRALAB, STACKPOLE, TRIM, (INCH ond_ 
other reliable manufacturers. Retail value of 
parts alone is MORE THAN 25 DOLLARS 

PLUS A COMPLETE 
,,'ELECTRONICS COURSE 
Tod REALLY LEARN ELECTRONICS. The 
provressive "learn by doing" American Basic 
Science Club system is the EASI EST, MOST 
THOROUGH and MOST EXCITING way to a 
solid background in electronics. 

NO EXPERIENCE NECESSARY 
Basic enough for beginners. 

Rewarding enough for experts. 
NOWHERE ELSE is a course of this 

scope available at this LOW PRICE! 

ENTHUSIASTIC MEMBERS WRITE: 

"basic principles unforgettably 
learned" ... 
It is only after having completed the experi- 
ments In your kits that I ran say I have truly 
and unforgettably learned the basic principles 
.d electronics. JOHN R. KANIA, 2 Berkeley 

Yonkers 5. N. Y. 

"your kits are interesting and 
rewarding" .. . 

I am an elertronl^s student in the Air Forre 
and find your kits interesting and resvarding. 
We have not covered anything in the school 
that you have not covered in the kits. JOHN 
G. DILL, Keesler Air Force Base, Biloxi, 
Misa. 

"far ahead of friend taking 
another course" .. 
A friend of mine is taking a correspondence 
course In electronics, and I have learned more 
from your first two kits than he has in twenty lessons. RAY P. B I LO D EA U, 139 
Exchange St., Leominster. Mass. 

"the number of concepts presented 
is amazing" 
Four kits offer a range of experiments 
usually performed only in the better high 
school and college laboratories. The number 
of concepts presented, and lite clarity and 
concreteness of their development is amazing. 
R. M. HELM, Professor of Physics, East 
Carolina College, Greenville, N. C. 

Get it All in One Complete Shipment - 
or Divided into these 4 Monthly Kits 

1st KIT - DC AND AC CIRCUITS 
Equipment for 26 Projects Including: 

Electroscope Electromagnetic Relay Galvanometer 
AC Buzzer Magnetizer and Demagnetizer Solenoid 

Coin Tosser Safety AC Power Supply with Isolation 
Transformer. 

Equipment for 18 Projects Including: 
Strobe Light - variable pulse Neon Lamp "freezes" the motion of vibrating or rotating objects and checks RPM Thermocouple Wheatstone Bridge (measures resistance) Extinction Voltmeter DC Power Supply (Transformer, Vacuum Tube Rectifier and 20-20 mfd. Capacitor Filter Circuit.) Provides safe power for electronics. 

FREE with 2nd Kit - 

Subjects Covered: 
Electron Theory 
DC and AC 
Inductance 
Transformer 
Principles 
Electro -Chemistry 

FREE with 1st Kit -"Mystery Shock Box" 
2nd Kit-RESISTANCE. CAPACITANCE AND RECTIFICATION 

Subjects Covered: 
Ohm's Law 
Rectification 
Resistance 
Neon Glow Tubes 
Capacitance 
Filter Circuits 

Electric Soldering Iron 
3rd KIT-AMPLIFIERS AND OSCILLATORS 
Equipment for 14 Projects Including: 

Two Stage Amplifier Capacitance Burglar Alarm Proximity Detector Variable Frequency Ripple Tank 
Wave Generator (Produces standing waves, nodal lines. etc. Invaluable in understanding wave theory) Code Prac- tice Oscillator. 

Subjects Covered: 
Vacuum Tube 
Amplifiers 
Frequency and 
Wase Length 
Wave Theory 
Oscillator Circuits 

FREE with 3rd Kit - "Steps to a Ham License" Manual 
4th KIT - AUDIO AMPLIFICATION AND RADIO 
Equipment for 7 Projects Including: 

Short Wave and Broadcast Radios (3 -tube regenerative. Uses I15V AC house current. Complete with Headset) Car- bon Microphone and Two Stage Audio Amplifier Radio Transmitter Signal Tracer and Continuity Tester (valuable trouble -shooting tools). 

FREE with 4th Kit - Radio-TV Service Manual 

ALL FOUR KITS IN ONE SHIPMENT ONLY$"S°PAID 
OR-YOU CAN GET THE FOUR KITS, ONE A MONTH 
SEND $2 00 WITH PAY 95 PLUS COD POSTAGE ONLYz COUPON ONLY 3 ON RECEIPT OF EACH KIT 

ALL SHIPMENTS ON 10 DAY APPROVAL. 
YOUR SATISFACTION OR YOUR MONEY BACK. 

WE KNOW YOU WILL BE AMAZED AND DELIGHTED. 
USE THIS "NO RISK" COUPON FOR EITHER PAID IN FULL OR MONTHLY PLAN 

AMERICAN BASIC SCIENCE CLUB, Inc., 501 E. Crockett, San Antonio 6, Te,;as 
11 Send me ARSCIub's Electronics Lab in four kits - one a month. I encl..se r r and will pay $3.95 plus COD Postage on arrival of each kit. I understand that all kits will be nn 10 day approval with full refund guaranteed and also that 

1 may cancel unshipped kits at any tinte without obligation. 
Send me ABSCIub's Electronics Lab (all four kits) in one shipment. I enclose $17.811 full payment POSTAGE PAID to me. I understand that this will be on a 10 day approval a itlt full refund guaranteed. 

Subjects Covered: 
Audio Amplifiers 
Radio Theory 
Regen. Circuits 
Tuning Circuits 
Signal Tracing 

NAME 

ADDRESS 

CITY and STATE 



Let L C.S. equip you 

for success in 

radio -TV-electronics 

with professional 

equipment! 

Brand-new "Electronic Laboratory," now 

being offered for the first time, can help you 

land in this big money -making field-FAST! 

Here's an opportunity for you to turn spare time 
into cold cash, or begin a whole new career - in 
a field where the rewards have never been greater. 
And you don't need previous experience to do it! 

International Correspondence Schools has just 
developed a new I. C. S. Electronic Laboratory you 
can construct in your own home. Includes series of 
training kits, plus the new I. C.S. VTVM-the pro- 
fessional quality vacuum tube voltmeter shown 
here. With it comes complete course instruction 
combining all the fundamentals with practical 
knowledge you can apply at once. And best of all 
you build your own professional test instrument! 

I. C.S. instruction gets you going 
with equipment you can really use! 

A famous manufacturer of nationally known elec- 
tronic testing equipment worked closely with 
I. C. S. to develop the Electronic Laboratory and 
the VTVM itself. Everything you get is geared to 
increase your skill and knowledge step by step. 
Until finally, you've completed a precision testing 

unit you can use for practically any kind of experi- 
mentation, design or servicing work. 

Hére's how I. C. S. instruction works. You begin 
with basic study lessons. Texts are clearly worded 
and easy to follow. At the same time, you "act 
out" what you learn with simple experiments. 
Then, in 3 easy stages, you assemble your own 
precision testing unit. Throughout, your instructor 
gives you expert, professional help. You learn at 
home, in spare time, as fast as ability permits. 

Coupon brings full details on your 
future in this fast-growing field! 
Make up your mind right now to find out how 
I. C. S. training in Radio -TV -Electronics can pay 
off for you. See how it can help you cash in on 
the tremendous demand for men skilled in instal- 
lation, maintenance and servicing of radios, TV 
sets, hi-fis, computers, automation systems and a 
host of other space-age devices. Clip and mail 
the coupon below. You'll receive 3 valuable 
free booklets-including sample lesson. They'll 
show how you can land in this 
big money -making field fast! 

Coupon brings 3 valuable FREE 
booklets. Mail it today! 

INTERNATIONAL CORRESPONDENCE SCHOOLS ICS 

BOX K9009J, SCRANTON 15. PENNA. 

Please rush me "How to Succeed," sample 

RADIO -TV -ELECTRONICS 
Electronic Fundamentals 
Electronic Technician 
F.C.C. License 

D General Electronics 
D Industrial Electronics 

Instrumentation, Servos, 
Automation Electronics 

D Radio-TV Servicing 

In Hawaii reply P. O. Box 418, Honolulu. In Canada, I.C.S. Canadian, Ltd., Montreal 

s udy lesson and opportunity book et in the field I've checked below. 

ELECTRICAL OTHER FIELDS 
D Electrical Drafting 

Electrical Engrg. 
D Elec. Engrg. Technician 
D Electric Light &, Power 
D Practical Electrician 
D Professional Elec. Engr. 

D Architecture -Building 
D Art 
D Automotive 
D Business 
D Engineering 

High School 
IF NOT LISTED, PLEASE SPECIFY 

Name Age Home Address 

City Zone State Working hou re A M to P M 

Employed by Occupation 

Special low rotes fo members of U. S. Armed Forces 
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HAS HAM RADIO 
THEORY GOT YOU ALL 

Then you need a great new book from ARRL, g 

UNDERSTANDING 
AMATEUR RADIO. 
Step by step, in 16 chapters, easy to read with hundreds 
of photos, charts, tables and diagrams, the book covers all 
the radio theory you need to pass the amateur exams, and 
tells how to build, set up, trouble -shoot and test low- and 
medium -power amateur stations from crystal to antenna. 
Pick up a copy for $2.00 at your favorite radio store, or 
order directly from: The American Radio Relay League, 
West Hartford 7, Conn. 

To: AMERICAN RADIO RELAY LEAGUE 
WEST HARTFORD 7, CONNECTICUT 

You bet I want UNDERSTANDING AMATEUR RADIO. 
Here is my check or money order...... for $2.00. (Sorry, 
no C.O.D.'s please.) 

SMEE-63 

NAME 

STREET or BbX 

CITY and STATE 
J 

FOREIGN JOBS 
Foreign employment offers men and 
women choice of 19 countries-free 
transportation-special tax benefits- 
bonuses-liberal vacations-And a most 
unique way of life in government ca- 
reers or with American companies, 
their subsidiaries. Over half a million 
Americans work and live exceptionally 
well outside the U.S.A. You can earn 
up to $1,600 per month paid in U.S. 
currency. For complete information 
send $2 to Foreign Projects, P. 0. Box 
1945, Beverly Hills, Calif. 

CALIFORNIA JOBS 
Thousands of new job openings now in 
Southern California in all fields. Per- 
manent job security. Send $2 for job 
information, names and addresses to 
California Jobs, P. 0. Box 1944, Beverly 
Hills, Calif. Money back guarantee. 
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RCA introduces 

a new easy way 

to learn 

electronics at home 
Learn faster, remember more with this revolutionary new 

"learning method". And RCA Institutes, Inc. is first to bring it to you! 
Forget all your old ideas about learning! The newest 
method, RCA "Autotext", uses the latest scientific devel- 

opment in the field of home training! RCA "Autotext" is 

a system of programmed instruction, accurately planned 
so that as you read a series of statements, questions, 
and answers, you learn almost without realizing it! It's 
fun to learn this new RCA way! 

We'll prove it to you! .... RCA Institutes now offers you a 

complete Home Training Course using RCA "Autotext" 
called "Introduction to Electronics." In addition, you get 
a complete set of experiment lessons, service practice 
lessons, and all the kits you need. You learn electronics 
theory faster with less effort. 

FREE OFFER! 
We'll send you complete information on the amazing 
new RCA "Autotext", along with a FREE SAMPLE of a 

Home Training lesson to prove to you how easy it is 

to learn this new way. Check "Autotext", and infor- 
mation will be rushed to you. 

RCA INSTITUTES, INC., Dept. EA -93 

A Service of Radio Corporation of America 
350 West 4th St., New York 14, N. Y. 

Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif. 

The Most Trusted Name 

in Electronics 

WIDE CHOICE OF HOME TRAINING COURSES: In addition to 
Introduction to Electronics, RCA Institutes offers this com- 
plete selection of Home Training Courses: 

Electronics Fundamentals* Communications Electronics 
TV Servicing FCC License Preparation 
Color TV Mobile Communications 
Transistors Automation Electronics 
Electronic Drafting Computer Programming 

*Also available in Spanish 

All RCA Institutes Home Training Courses are complete 
step by step easy -to -understand units. You get prime 
quality equipment in the kits furnished to you to keep 
and use on the job. In addition, RCA's liberal tuition plan 
affords you the most economical possible method of home 
study training. You pay for lessons only as you order them. 
If you should wish to interrupt your training for any 
reason, you do not owe one cent. Licensed by the N. Y. 

State Department of Education. Approved for Veterans. 

CLASSROOM TRAINING AVAILABLE IN NEW YORK CITY, LOS 

ANGELES, AND CHERRY HILL (NEAR CAMDEN) NEW JERSEY. 

Check "Classroom Training" and we will rush information. 

RCA Institutes, Inc. Dept. EA -93 
350 West 4th St., New York 14, N. Y. 
Pacific Electric Bldg., 610 S. Main St., Los Angeles, Calif. 
Please rush me FREE illustrated book with information checked 
below. No obligation. No salesman will call. 
"Autotest" Home Training 
Classroom Training (choice of city) 

Name Age 

Address 

City Zone State 

CANADIANS: Take advantage of these same RCA Institutes Courses 
at no additional cost. No postage, no customs, no delay. Fill out 
this coupon and send in envelope to: RCA Victor Ltd., 5581 

LRoyal Mount Ave., Montreal 9, Quebec. 
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These Opportunity 

Packed Fields 

Need YOU! 

Space & Missile 
Electronics 

Television & Radio 

Microwaves 

Automation Electronics 

Radar 

Communications 

Computers 

Broadcasting 

Industrial Electronics 

DeVry Stands Behind Every Man It Trains 

Count-down, blast-off, orbital communication! Back of every space-age 
achievement is the magic of electronics. And back of most electronic 
applications - in space, in the industrial plant, studio, or laboratory - is 
the electronics technician. Thousands of technicians have been trained by 
DeVry Technical Institute since 1931 and back of each man stands the 
school that has trained him. Yes, DeVry Tech backs him with continuing 
Employment Service through the years of his career; DeVry backs him 
with its practical Consultation Service, helping him solve technical prob- 
lems he may meet, on his job, at any time. All this tops off DeVry's prac- 
tical training: at home in spare time, or full or part-time in DeVry's 
modern, well-equipped training centers in Chicago or Toronto. If you're 
17-55, find out all that DeVry has to offer you in the exciting field of 
electronics. 

YOU'VE NOTHING TO LOSE, YOU'VE MUCH TO GAIN! MAIL COUPON NOW! 

Accredited member of Notional Horne Study Council 

DeVry ___Tops in Electronics 

Chicago - Toronto 

DeVRY TECHNICAL INSTITUTE 
4141 Belmont Ave., Chicago 41, III., Dept. EE -1-T 

Please give me your two free booklets, "Pocket Guide to Real Earn. 
ings" and "Electronics in Space Travel"; also include details on how 
to prepare for a career in Electronics. I am interested in the following 
opportunity fields (check one or more): 

Space & Missile Electronics O Communications 
Television and Radio Computers 
Microwaves Broadcasting 

10 Radar Industrial Electronics 
Automation Electronics Electronic Control 

Name Age 

Address Apt 

City Zone- State 
Check here if you are under 16 years of age. 

Canadian residents: Write DeVry Tech of Canada, Ltd. 

2083 970 Lawrence Avenue West, Toronto 19, Ontario 
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LAFAYETTE 
mGló_l 

ELECTRONICS 

1 964 CNO A640 

LAFAYETTE 

Ei.ECTRONitCS W're, 

422 
GIANT - 

SIZE 

PAGES 
LAFAYETTE GIVES 

YOU MORE IN '64 
MORE CATALOG-it's the biggest in our 43 -year 
history; 422 giant -size illustrated pages. 
MORE SELECTION-if it's in hi-fi or electronics, 
it's at Lafayette ... tape recorders, C.B., hi-fi 
stereo, ham gear, test equipment, tools, radios, 
cameras-more than ever before. 
MORE SERVICE-more and more orders fully proc- 
essed in 24 hours. 
MORE BUYING POWER - choose from Lafayette's 
three Easy -Pay credit plans. NO MONEY DOWN, 
Up to 24 Months to Pay. 

43 Years of Dependable Service at 
Lafayette's Traditionally Low Prices from the 

"World's Hi-Fi & Electronics Shopping Center" 

LAFAYETTE Radio ELECTRONICS 
Dept. DEE.s, P.O. Box 10 
Syosset, L. I., N. Y. 
Please send me the FREE 1964 422 giant -size 
page Lafayette catalog. 

Name 

Address 

1 ity Zone State 

Mail the Coupon 
for Your FREE 1964 

Lafayette Catalog 

1 

1 

1 

1 

1 

eJ 

FOR MORE 80A TING 

KNOW-HOW 
ON SALE DURING 

September, October and November 
(or use coupon below) 

THE FALL LAY-UP 
C C5 Beat DecemmeslmMeg 

THE AIRSUAT-The 
Boat That Rides an Oaw 

IS RADIO EQUIPMENT 

FOIE SMALL ttoots' 
Rs Mystery to Choosing 
the Right Propeller 

9ttArtlif aew 
CAMPtEtá PLANS 
FOR THE 
ea« ApPIAJURT... 

BOATCRAFT contains a complete knowl- 
edge of boating-it is a veritable how -to-do 
almost everything guide and idea -book, 
plus a superior library -reference source of 
boating information. 

SCIENCE & MECHANICS / Handbook Division 
505 Park Avenue New York 22, N. Y. 

Enclosed is $ Please send me 
copies of BOATCRAFT at $1 

each (includes postage and handling). 
Allow four weeks for delivery. 

Enclosed is $3. Enter my special 4 
issue subscription of BOATCRAFT. 

Name 
(Please print) 

Address 

City Zone State - 
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Get Your First Class Commercial F.C.C. License 

In a Hurry - Or at Your Own Pace! 

Is the Course Proven? 
A high percentage of Grantham resident stu- 

dents get their 1st class FCC licenses in the short 
period of 12 or even 8 weeks from the time they 
start the course. Many others choose home study, 
completing the course and getting their licenses 
at their own convenience. 

Is the Course Complete? 
Not only does the Grantham course cover all 

required subject matter completely; it grows 
and changes and expands in phase with change 
and expansion in the electronics field generally. 
With the Grantham course, you are assured of 
modern, up-to-the-minute instruction. 

Is the Course "Padded"? 
The streamlined Grantham course is designed 

specifically to prepare you to pass FCC exami- 
nations and examinations given by electronics 
firms. What you need to know to achieve these 
goals, you are taught completely and in detail. 
The course is not "padded" with information you 
will not need. 

Is It a "Coaching Service"? 
The weakness of the "coaching service" or 

"Q & A" method employed by some schools 
and individuals is that it presumes the student 
already has a knowledge of basic electronics. 

The Grantham course is presented from the 
viewpoint that you have no prior knowledge of 
the subject; nothing is taken for granted where 
your training is concerned. We "begin at the 
beginning" and progress in a logical, step-by- 
step manner from one point to another, with the 
necessary math taught as an integral part of the 
course. Every subject is covered simply and in 
detail; the emphasis is on making the subject 
easy to understand. 

With each lesson you receive an FCC -type test 
so that you can discover after each lesson just 
which points you do not understand and clear 
them up as you go along. In addition to the les- 
son tests, ten comprehensive Review Exams are 
given throughout the course. 

grItelffeliffliffengigefflorºaramegM 
FIRST ca.ASs . 

Grantham School of Electronics is accredited by 
the Accrediting Commission of the National Home 
Study Council. 

Is It a "Memory Course"? 
Grantham School has never endorsed the "memory" 

or "learn by rote" approach to preparing for FCC 
license exams. This approach may have worked in the 
early days of broadcasting, to the extent that a man 
could get his license that way; but, Heaven help the 
employer who expected this man to be able to demon- 
strate abilities implied by possession of the license! 

Fortunately for all concerned, it is no longer pos- 
sible for a man to pass FCC exams by spilling out 
memorized information which is essentially meaning- 
less to him. Advances in the field of electronics-and 
the desire of the FCC to have the license really mean 
something - have caused upgrading of the exams to 
the point where only the man who is able to under- 
stand and reason electronics can acquire the 1st class 
FCC license. 

Learn to thoroughly understand basic electronics 
from the school whose graduates are successfully em- 
ployed by virtually every major electronics firm in the 
United States. Why not join them through Grantham 
training? 

For further details concerning F. C.C. licenses and our training,send for our FREE booklet 

GRANTHAM 
SCHOOL OF ELECTRONICS 

(Moil in envelope or poste on postal card) 

To: GRANTHAM SCHOOL OF ELECTRONICS 
NATIONAL HEADQUARTERS OFFICE 
1505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 

Please send me your free booklet telling how I con get my corn. 
merciol F.C.C. license quickly. I understand there is no obligation 

Train through home study or at one of our four 
convenient resident locations shown below: 

Name Age 

Address 

City Stole 
1505 N. Western Ave. 408 Marion Street 3123 Gillham Road 821 -19th Street, N.W. 

I am interested in: 
Los Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, D.C. 

O Home Study, O Resident Closet EE -3_j 
(Phone: HO 7.7727) (Phone: MA 2.7227) (Phone: JE 1.6320) (Phone: ST 3.3614) L 

ELEMENTARY ELECTRONICS 7 



LEARN ALL ABOUT NEW 

TRANSPIRE 

TRANSISTOR IGNITION 

. . AVAILABLE AS EDUCATIONAL 
KIT WITH INSTRUCTIONS 

And YOU can have AI.I, the FUTURISTIC ADVANTAGES of TRANSISTOR ELECTRONIC IGNITION NOW at LOWEST COST by assembling this TESTED KIT yourself. COMPLETE set of Ports to build WARD circuit In February 1962 Science and Mechanics. Includes POWER TRANSISTOR(S), ZENER DIODE(S), FINNED aluminum HEAT SINK, High -ratio COIL, TRANSPIRE DECAL, ballast, leads, and all hardware. EVERYTHING needed for a PROFESSIONAL JOB: Makes a $70 Conversion at HALF the Cost. 
TKX-2 with 250:1 coil. 30kv output TSKX-2 with 400:1 coil. 40kv output TKX-1 I transistor with 400:1 coil. 30kv TSKX-1 1 transistor with 400:1 coil. 40kv Above kits wired and plastic potted-add $15. Negative -ground only. Paint insulation kit for positive -ground -92.50 PP. TX250 heavy duty Coil 250:1 (3 lhs.) $9.95 T400 High -efficiency Coil 400:1 (3 lbs.) $14.95 

$34.95 
$39.95 
$27.95 
$41.95 

Ready -to -install Conversions 
You can also get TOP MILEAGE. HIGHEST PERFORMANCE, LONG POINT AND PLUG LIFE, IMPROVED STARTING with one of our wired TRANSPIRE systems. These include HERMETICALLY SEALED AMPLIFIER, 400:1 COIL, and necessary BALI.AS7' resistors. 

Model T 6 or 12 v. Negative -ground 30kv $39.95 Model T2 Two -transistor model T $44.95 Model TS Special 40kv Negative -ground $59.95 Model T52 Two -Transistor Model TS $49,95 Model TP 30kv 16 or 12 v. Positive-ground,i $54.95 Model TPS 40kv DIRECT INSTALLATION. 7 $69.95 Marine and other models available too. Custom Designs. Full line of parts at LOWEST PRICES. Free lists. Dealer Opportunities. Specify car, voltage, and grounding when ordering. $5 deposit COD's. 

PALMER ELECTRONICS LABORATORIES, INC. 

CARLISLE, MASS. Dept. EE -39 617 -AL 6-2626 

FREE 
CAREER BOOKLET 
to guide you to 
a successful future in 
Engineering and 
Engineering Technology 

Write for your copy! 

MILWAUKEE SCHOOL 
OF ENGINEERING 
Dept. PS -463, 
1025 N. Milwaukee St., Milwaukee, Wis. 
Tell me about an engineering career through 
residence study in: 

Electrical D Mechanical 
Name 

Address 

City 

L 

Age 

State 
EE -910 

'Mat" 9«ee 
EGietry 

p`4ote ez4uar 
a FALL 1869 

LE RICAL 
HANDBOOK 

Overcoming the "" "' l 

Overload Problem 

CODE BNOWHOW 

Breathing Out 

With Mara Circuits 

TOOLS OR THE JOB 

Make Your Home 

Prowler -Proof 9 

THEATRICAL MIRROR 

S35 tight Control: 

Bu)M it far $5 

ELIMINATING 

SHOCN NAZAROS 

How to Care ter 
throttle 6anhets 

EMOTE $000TING 

AUTOMATIC DRYERS 

An indispensable guide for the home 
owner or apartment dweller who wants 
to know how to make, install or repair 
electrical equipment safely. 

ON SALE DURING 
September, October and November 

(or use coupon below) 

SCIENCE & MECHANICS / Handbook Division 
505 Park Avenue New York 22, N. Y. 
D Enclosed is $ Please send 

me copies of ELECTRICAL 
HANDBOOK at $1 each (includes 
postage and handling). 
Enclosed is $3. Enter my special 4 
issue subscription to ELECTRICAL 
HANDBOOK. 

Name 
(Please print) 

Address 

City Zone_State 
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BUILD 20 RADIO 
CIRCUITS AT HOME 

with the Deluxe 
PROGRESSIVE RADIO "EDU-KIT"® 

A Practical Home Radio Course 
Now Includes * 12 RECEIVERS * 3 TRANSMITTERS * SQ. WAVE GENERATOR * SIGNAL TRACER * AMPLIFIER * SIGNAL INJECTOR * CODE OSCILLATOR 

only 

$ 695 

* No Knowledge of Radio Necessary 

* No Additional Parts or Tools Needed 

* EXCELLENT BACKGROUND FOR TV 

* School Inquiries Invited * Sold In 79 Countries 

YOU DON'T HAVE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSE 

The Edu-Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a 
rock -bottom price. Our Kit is designed to train Radio & Electronics Technicians, making 
Ilse of the most modern methods of home training. You will learn radio theoryy, construe. 
Lion practice and servicing. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, using regular schematics; how to wire and solder 
in a professional manner; how to service radios. You will work with the standard type of 
punched metal chassis as well as the latest development of Printed Circuit chassis. 

You will learn the basic principles of radio. You will construct, study and work with 
RF and AF amplifiers and oscillators, detectors, rectifiers, test equipment. You will learn 
and practice code, using the Progressive Code Oscillator. You will learn and practice 
trouble -shooting, using the Progressive Signal Tracer, Progressive Signal Injector, Pro- 

igressive Dynamic Radio & Electronics Tester, Square Wave Generator and the accompany- 
ng instructional material. 

You will receive training for the Novice, Technician and General Classes of F.C.C. Radio 
Amateur Licenses. You will build Receiver, Transmitter, Square Wave Generator, Code 
Oscillator, Signal Tracer and Signal Injector ciraitº, and learn how to operate them. You 
will receive an excellent background for television, Hi-Fi and Electronics. 

Absolutely no previous knowledge of radio or science is required. The ' 'Ed -Kit" it 
the product of 

with 
many years of teaching and engineering experience. The Edu-Kit will 

Ou 
a 

.ou 

The Sisnal Tracer alone 
worth' and 

more than the rice of the 
timeskit the low 

THE KIT FOR EVERYONE 
You do not need the slightest background 

in radio or science. Whether you are inter- 
ested in Radio & Electronics because you 
want an interestinghobby, a well payingg 
business or a job wth a future, you will li 
the Edu-Kit" a worth -while investmen 

thousands of individuals of all 

ages and backgrounds have successfully 
used the "Edu-Kit" In more than 79 coun- 
tries of the world. The 'Edu-Klt' has been 
carefully designed, step by step, so that 
you cannot make a mistake. The 'EdW-Kit' 
allows you to teach yourself at your own 
rate. No Instructor is necessary. 

PROGRESSIVE TEACHING METHOD 
The Progressive Radio "EduKit" is the foremost educational radio kit In the world, 

Kit I uses the modern educational principle 
in the 

Learn by Doing."of 
ics 

Therefore youTconstruct. 
learn schematics, study theory, practice trouble shooting-all In a closely integrated pro- 

gram designed to provide an easily -learned, thorough and interesting background in radio. 
You begin by examining the various radio parts of the EduKit." You then learn the 

function, theory and wiring of these parts. Then you build a simple radio. With this first 
set you will enioy listening to regular broadcast stations, learn theory practice testing 
and trouble -shooting. Then you build a more advanced radio, learn more advanced theory 
and techniques. Gradually, in a progressive manner. and at your own rate, you will 
find yourself constructing more advanced multi -tube radio circuits, and doing work like it 
pr 

nc 
clonal Radio Technician. Transmitter, Code Oscillator, Signal 

I fi des the Edu-Kito course areReceiver, 
Tracer, Square Wave Generator and r Signai Injector Circuits. These are not unprofessional 
"breadboard" experiments, but genuine radio circuits, constructed by means of professional 
wiring and soldering en metal chassis, plus the new method of radio construction known 
as "Printed Circuitry." These circuits operate en your regular AC or DC house current. 

THE "EDU-KIT" iS COMPLETE 
I arts and instructions necessary to build twenty different r io an. 

You will receive al p 
electronics ei cuits, each guaranteed to operate. Our Kits contain tubes, tube sockets, vari- 

able, electrolytic, mica, ceramic and paper dielectric condensers, resistors, tie strips, 
hardware, tubing, punchedr metal chassis, Instruction Manuals, hook-up wire, solder, 
selenium rectifiers, coils, volume controls and switches, etc. 

In addition, you receive Printed Circuit materials, including Printed Circuit chassis. 
special tube sockets, hardware and instructions. You also receive a useful set of tools, a 
professional electric soldering Iron, and a self -powered Dynamic Radio and Electronics 
Tester. The ' Edu-Kit' also includes Code Instructions and the Progressive Code Oscillator, 
In addition to F.C.C.-type Questions and Answers for Radio Amateur License training. You 
will also receive lessons for servicing with the Progressive Signal Tracer and the Progres- 
sive Signal Injector, a High Fidelity Guide and a Quiz Book. You receive Membership in 

you receive ecall 
Free 
parts. tools, lnstruCCtlone, etc. Everything 

Merit 
yours tDiscount keep 

nt Privileges. 

r ----UNCONDITIONAL MONEY -BACK GUARANTEE -----1 
f 

I PRINTED CIRCUITRY 
At no Increase in price. the 'Edu-Kit" 

now includes Printed Circuitry. You build 
a Printed Circuit Signal Injector. a unique 
servicing instrument that can detect many 
Radio and TV troubles. This revolutionary 
new technique of radio construction is now 
becoming popular in commercial radio and 
TV sets. 

A Printed Circuit is a special insulated 
chassis on which has been deposited a con- 
ducting material which takes the place of 
wiring. The various parts are merely plugged 
in and soldered to terminals. 

Printed Circuitry is the basis of modern 
Automation Electronics. A knowledge of this 
subject is a necessity today for anyone in- 
terested in Electronics. 

Reg. U.S. 
Pat. Off. 

Training Electronics Techniciens Since 1946 

FREE EXTRAS 
e SET OF TOOLS 
SOLDERING IRON 
ELECTRONICS TESTER 
PLIERS -CUTTERS 
ALIGNMENT TOOL 
WRENCH SET 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE QUIZZES 

TROUBLE-SHOOTILEVISION 
BOONG 

BOOK 

CONSULTATION TION SERVICE FCC 
HIP IN RADIO-TV 

B' 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

I SERVICING LESSONS 
You will learn trouble -shooting and 

illscin pratiIncea re 
npgrpairs 

one the ansetner. s hat 
you construct. You will learn symptoms 
and causes of trouble in home, portable 
and car radios. You will learn how to 
use the professional Signal Tracer. the 

Radi oe & rElectronal nics Tester.tor hWhillye 
dynamic 

will Iberable too dohimay 
practical rpair lob for 

e your friends and neighbors, 
res c will far the price of 

will help you with anyst chnican $eprob 
lems you may have. 

FROM OUR MAIL BAG 
J. statainis. of 25 Poplar PI.. Water- 

bury. Conn., writes: I' have repaired 
several sets for my friends, and made 
money. The Edu- it' paid for itself. I 

was ready to spend 5240 for a Course. 
but I found your ad and sent for your 
Kit.' 

Ben Valerio. P. O. Box 21, Magna. 
Utah: "The Edu-Kits are wonderful. Here 
I am sending you the questions and also 
the answers for them. I have been In 
Radio for the last seven years, but Ilke 

u 
work with Radio 

Equipment. 
Kind ts. to 

Radio Tsing qupmet. en- 

dente11nithOi raeitke Ifre kits: e S¢al worked with 

fine. Also like to let you know that I 

feel proud of becoming a member of your 
Radio-TV Club." 

Robert L. Shuff 1534 Monroe Ave.. 
Huntington, 

you few lines to 
"Thought saythat 

would 

ceived my Edu-Kit and was really amazed 
that such a bargain can be had at such 
a low price. I have already started re- 
pairing radios and phonographs. My 

get into 
were 

of soegquick ysee The 
Trouble-shooting 

uKlit sisoreallly swell. anr 
that d comes 

finds the 
trouble. If there Is any to be found." 

ORDER DIRECT FROM AD-RECEIVE FREE BONUS 

RESISTOR AND CONDENSER KITS WORTH $7 

L 

D Send "EduKit" postpaid. I enclose full payment of $26.95. 

Send "Edo- Kit" C.O.D. I will pay $26.95 plus postage. 

Rush me FREE descriptive literature concerning "Edu-Kit." 

Name 

Address 

PROGRESSIVE "EDU-KITS" INC. 
1186 Broadway, Dept.501-DJ, Hewlett, N. Y. 
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A El! 77 
TRANSISTOR IGNITIONS . 

READY TO INSTALL 
FACTORY WIRED SYSTEMS 

at the price of 
do it yourself kits 

COMPLETE 6/12 VOLT TRANSISTOR IGNITIONS 
AEC 7E7 ECONOMY: Motorola diffused base type 
2N2528, 10 amp transistors, 30kv. coil $29.95 I 
AEC 77 STANDARD: with G.M. Delco heavy duty 15 
ampere transistors, 40kv. ignition coil 39.95 

(3 AEC 7M7 MILITARY: GOV'T MIL -SPEC, with G.M I 
Delco type 2N1358A, 15 ampere transistors, ana - 
dine gold finish, 40kv. ignition coil 49.95 I D POSIT.VE GROUND (British cars) AEC Silicon 20 I 
amp, Vceo-200-v transistors (direct installation 
without insulated points) add to any above 15.00 I 

Every AEC system uses Motorola type 1N2836B, 50 watt I 
zener diodes for high voltage regulation and transistor pro- tection. Unconditionally guaranteed for 3 full years. I 

PARTS ONLY (free circuit diagram) 
Transistor 77 (400:1) epoxy -oil type, ignition coil.$11.95 I 
Zener diode, Motorola 50 watt type 1N2836B 7.00 I Transistor, Motorola diffused base type 2N2528 7.00 Silicon transistor, 20 amp.-Vceo-200v 29.50 I Ballast resistor, 250 watt variable (.3-1 ohm) ..1.50 Ballast resistor, 100 watt fixed (.55 ohm) 1.00 1 
0-15 Amp D.C. Transistor Tune Up Meter 1.50 I - Please add $1.00 for Postage & Handling! - WRITE FOR FREE BROCHURE 

I 

AUTOMOTIVE ELECTRONICS CO. 
387 PARK AVE. SOUTH NEW YORK 16, N.Y. 

GIANT NEW CATALOG 

00's OF BIG PAGES 
CRAMMED WITH SAVINGS 

BURSTEIN-APPLEBEE CO. 
Dept. EE, 1012 McGee St., Ka City 6, Mo. 

Rush me FREE 1964 B -A Catalog. 
Name 

Address 

City State 
I f REE 

MORE MECHANICAL 

KNOW-HOW FOR 

THE YOUNGER MAN 
ON SALE DURING 

September, October and November 
(or use coupon below) 

A xe. MA FMR AMu ArsCNAMC MM..Up 

OW TO BREAK INTO 
MATEUR ROCKETRY 

27 tout/ -IT MEE 110.110HN; 
metitwe KA. MáMM setrner. 

edW Genteel Plum. 5 Mr IIHB.. 
BwC(BO Ide 6001, A Fee 5DItI 
tUS SPECIAL -1fj11ip1 

s,_ « 

eó MD UCI 
05luty CAs6 

A how -to-manual with step-by-step de- 
tails for building mechanical, electrical 
and other projects. Specially written for 
beginners at high school level. 

SCIENCE & MECHANICS / Handbook Division 
505 Park Avenue New York 22, N. Y. 

Enclosed is $ Please send 
me copies of HIGH-SCHOOL 
MECHANICS at $1 each (includes 
postage and handling). 

Name 
(Please print) 

Address 

City Zone State 
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/These men are getting practical training in NEW Shop -Labs of 

- e COYNE 
ELECTRONICS 

ON REAL 
Motors-Generators 

-Switchboards- 
Controls-Modern 

Appliances- 
Automatic 
Electronic 

Control Units 

TELEVISION 
RADIO ELECTRONICS 

ON REAL 
TV Receivers- 
Black and White 

and Color 
AM -FM and 
Auto Radios 
Transistors 

Printed Circuits 
Test Equipment 

in Chicago-prepare for today's TOP OPPOR- 
TUNITY FIELD. Train on real full-size equip- 
ment at COYNE where thousands of successful 
men have trained for over 60 years - largest, 
oldest, best equipped school of its kind. Profes- 
sional and experienced instructors show you 
how, then do practical jobs yourself. No pre- 
vious experience or advanced education needed. 
Employment Service to Graduates. 
START NOW-PAY LATER-Liberal Finance and Pay- 
ment Plans. Part-time employment help for students. 
GET FREE BOOK-" Your Opportunities in Electronics" 
which describes all training offered in ELECTRICITY 
and TELEVISION -RADIO ELECTRONICS-no 
obligation; NO SALESMAN WILL VISIT. 

Coyne Electrical School, 1501 W. Congress Parkway 

Chartered Not For Profit Chicago 1, Dept. 63 

MAIL COUPON 2L127: BELOW 
. I NB 

COYNE ELECTRICAL SCHOOL 
Dept. 63-11 -New Coyne Building 
1501 W. Congress Pkwy., Chicago 7, III. 
Send BIG FREE book and details of all the 
training you offer. 

Nome Phone 

Address Age 

City 

YOU CAN QUICKLY 
BE DOING INTERESTING 

PROFITABLE 
WORK 

LIKE THIS 

State 

IBM 

PLUS Two Weeks Personal Training in our Chicago 

Shop -Labs- FREE of any extra Tuition! 
Coyne-and only Coyne-can make you 
such a sensational offer. No increase in 
cost of home training, but as soon as you 
graduate you are qualified to spend two 
weeks in Chicago, working on actual proj- 
ects, getting personal instruction-with- 
out one cent of extra tuition. Like getting 
a poet -graduate course .free. This offer 
may be withdrawn at any time, but those 
who inquire about Coyne's home training 
now will be guaranteed two weeks of shop 
training at Coyne's expense for resident 
tuition. Send name for FREE BOOK. 

B. W, COOKE, President 

Now, you can quit wishing you had a 

profitable Radio-TV Service Business of 
your own. Now, you can quit dreaming 
about a big pay job in Television-and 
do something to make your dreams come 
true. Start your basic training at home in 
spare time. We train you to do the work, 
and show you how to get the work to do 
-even while you are learning. No costly 
"put together" kits to pay for. Lowest 
tuition-low monthly payments. Free 
employment service to graduates. Send 
name for all facts. No salesman will call. 

Send Name for 
FREE BOOK. No 
salesman will call 

Mr. B. W. Cooke, Pres. 
I HOMETRAININGDIVISION,Dept 63-H 
1 ISO1 W.Congress Parkway,Chiaago7,I II. I 

I Please mail free book and offer of two weeks 
personal training in Chicago without extra 
tuition for home study graduates. Explain 
low monthly payments. 

I Name. 

I Address. 

Chartered as an Educational Institution Not For Profit 
The largest, oldest, hest Melted resident school et Its kind. Founded 1899.1 Clty & 

1501 W. Congress Parkway, Dept. 63-H9, Chicago 7, III. I State. 
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STEP INTO THIS BOOMING 
$19 BILLION A YEAR INDUSTRY 

Hundreds of accidents and 
losses will happen this 
year in your community. 

We'll show you how to 
investigate and adjust 
these losses for insur- 
ance companies, rail- 

roads, government 
offices. You buy NO tools 

or equipment. You do NO 
selling. You need NO prior 

experience or higher education. And you 
can operate out of your own home. Right 

now independent Accident Investigators average $6.44 an 
hour. We'll train you quickly to do the same. Start part- 
time if now employed. Fill the need for an Accident Investi- 
gation specialist in your area. Colorful booklet explains 
everything. Absolutely no obligation on your part. No sales- man will call. Write TODAY for FREE Booklet. 
UNIVERSAL SCHOOLS, SMH-3 6801 Hillcrest, Dallas 5, Texas 

FREE INSTRUCTION MANUAL! 
With purchase of 10 SCALE 
SLIDE RULE - The universal 
computing tool. Only $4.00. 
Illustrated, self -teaching course 
$2.00. Save! Combination only 
$4.95. Post Paid. No C.O.D. 

ALSYNCO 
Dept. EE -1, 171 S. Main, Natick, Mass. 

FABULOUS 

PHOTOS 

YOU'LL 

NEVER 

FORGET! 

:sT0RIE5 
FORMEN 

A book of the most fantastic 
stories, photos and illustra- 
tions you've ever seen; at 
least not since you used to 
pass them along on typewrit- 
ten pages back in the "good 
old days". Straight from the 
rare originals with every de- 
tail intact, every description 
vivid! Your complete satis- 
faction guaranteed! 

MIDGET & THE DUCHESS 
YOUNG LADY & HER DOG 

I WAS CAPTIVE TO SIX WOMEN 
DAY WITH TRAVELING SALES- 
MAN and many others, 

BARGAIN PRICE 

SENSATIONAL $198 
ppd LIMITED EDITION 

Rush cash, check or M.O. Sorry no COD's. 

PRIVATE EDITIONS 
BOX 69856, DEPT. D-49 

LOS ANGELES 69, CALIFORNIA 

THE 
NEW 
LOOK! 

AVAILABLE NOW -500,000 JOBS! 

SCIENCE e MECHA/V/CSW, 
BRAND NEW 
and RED HUI 
S«M's Denise McCluggage 
T the SPITFIRE! 

DU PONT'S MILLION- I HOW TO KEEP YOUR 
DOLLAR "ACCIDENT" TOOLS RAZOR-SHARP 

New in Next Month 

... An "accidental" discovery that will make 
a million dollars! 

. The latest American status symbol-a 
certain plumbing fixture! 

. A gun that every home craftsman should 
have in his tool chest! 

. Exclusive instructions on how to bottle a 

woman! 

.. Trials and tribulations of the tallest man 
who ever lived! 

in the October 

SCIENCE AND MECHANICS 

on sale Aug. 27 

ALL NEW-ALL EXCITING! 
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For information on Classified ads -to be included in our next ELEMENTARY ELEC- 

er Handbooks -write . D. Wilson, Mgr., d er- 
TRONICS 

SCIENCE and MECHANIICS HANDBOOK DEPT., 505 Park Ave., New Yorke 22,4N`. Y. 

ADDITIONAL INCOME 

$100 WEEKLY possible. Compile mail- 
ing lists and address envelopes 'for ad- 
vertisers. Home -spare time. Particulars 
free. National Service 81. Knickerbocker 
Sta., New York City 2. 

WANT Additional Income! Earn Top 
commissions taking orders for Science and 
Mechanics, S&M Handbooks and a host 
of S&M products. National Advertising 
makes your selling job much easier. Send 
$1.00 for details (refunded with your first 
order). Pete Reynolds, Science and 
Mechanics, 505 Park Ave., New York 22. 

MAKE $25-$50 week, clipping newspaper 
items for publishers. Some clippings worth 
$5.00 each. Particulars free. 
Knickerbocker Station, New York 2.1, 

81. 

AGENTS WANTED 

I'LL Send You full-size famous Blair 
home products for Free Trial, to help you 
make more money, spare time or full time. 
Show friends, neighbors, take easy big 
orders, make generous profits. Write 
Blair, Dept. 521 -HT, Lynchburg, Va. 

REAL Diamond Rings. Nationally ad- 
vertised. Sell direct. Make big middle- 
men's profit. No investment. Experience 
unnecessary. Free catalog, details. Gleam - 
light, 111 -IO -1, North Columbus, Mount 
Vernon, New York. 

CHRISTMAS Cards -Business and Per- 
sonal. Earn Really Big Commissions sell- 
ing medium and high-priced cards with 
customer's name imprinted. Free sample 
Album. Process Corp. (Our 42nd Year), 
3422 S. 54th Ave., Chicago 50, Ill. 

ATHLETICBUILDING EQUIPMENT BODY 
EQUIPM NT 

WEIGHT Exercising Equipment. Free 
literature. Ed Jubinville, Holyoke. Mass. 

AUTHOR'S SERVICE 

WANTED: Short stories, books, articles, 
plays of all descriptions for sale to pub- 
lishers, producers. Free Literature! Lit- 
erary Agent Mead, Dept. 33A, 915 Broad- 
way, New York City 10. 

BOATS, MOTORS & MARINE SUPPLIES 

BOAT Plans. Frame Kits, Full -Size 
Patterns! 80 -page catalog illustrating 
over 40 Build -it -Yourself Boats 50$. 
Glen, Dept. 11, 9152 Rosecrans, Bellflower, 
California. 

BOAT Trailers. 6 Different Plans. 
Manual $2.50. Wholesale prices, circulars 
30$. Kamcraft, Box 1153, Milwaukee 1, 

Wisconsin. 

BRITISH Seagull Outboard Motors - 
Shipped Anywhere. Imco, 76 E. Jackson 
Wilkes-Barre, Pennsylvania. 

COMPLETE easy -to -follow plans show 
how to build tested boats at big savings. 
Order your 4 issue subscription of 
"Boatcraft" for only $3.00. Send your 
order and payment to Boatcraft, 505 Park 
Ave., New York 22. N. Y. 

ELEMENTARY ELECTRONICS 

BUSINESS OPPORTUNITIES 

INVESTIGATE Accidents. Earn $750.00 
to $1,000 monthly. Men urgently needed. 
Car furnished. Business expenses paid. No 
selling. No college education necessary. 
Pick own job location. Investigate full 
time. Or earn $6.44 hour spare time. Write 
tor Free Literature. No obligation. 
Universal CMH-3, 6801 Hillcrest, Dallas 
5, Texas. 

VENDING Machines -No selling. Oper- 
ate a route of coin machines and earn 
amazing profits. 32 -page catalog Free! 
Parkway Machine Corporation. Dept. 41, 
715 Ensor St., Baltimore 2. Md. 

LEARN Landscaping and growing of 
plants. Latest information on propaga- 
tion, soil testing, plant growth regulators, 
garden design and color. Many money- 
making opportunities. Free booklet, Life- 
time Career Schools, Dept. SMC-3C. 11826 
San Vincente Blvd., Los Angeles 49, Calif. 

ijow To Write 0 

Classified Ad 

That Pulls 

What to Say and 

How to SaY tt r.... 

Worth Its 

Weight In Gold 
Make your classified ad pay! This hand- 
book tells how -with examples; included 
is a Credit Certificate worth $2.00 to 
ward the cost of a classified ad in S & M. 
For a copy of "How to Write a Classi- 
fied Ad That Pulls," send $1.00 to C. D. 
Wilson, Science and Mechanics, 505 Park 
Aye., New York 22, N. Y. 

PAWNBROKER. Be one. I'll teach you. 
Amazing profits. Pawnbroker Thayer, 
Bath, Maine. 

WANT To Make Big Money At Home? 
$10.00 profit in an hour possible with In- 
visible Mending. Make tears, holes disap- 
pear from clothing, fabrics. Steady year- 
round demand from cleaners, laundries, 
homes. Details Free. Fabricon 1545, 
Howard, Chicago 26, Ill. 

DOLLS! Dolls! Dolls! We teach you to 
repair, make, sell all kinds of dolls and 
accessories including clothing. Study at 
home. Earn while you learn. Free booklet. 
Lifetime Career Schools, Studio SMC-3C, 
11824 San Vicente Blvd., Los Angeles 49, 
California. 

MAIL ORDER Pays Big! Tested, proven, 
home moneymaking opportunity! Every- 
thing furnished. Mann, 266 -DG, Hillsdale, 
New Jersey. 

LEARN Flower Arrangement & Floris- 
try. Start your own business, part or full 
time. Many good paying positions open. 
Earn while learning. A Lifetime Career's 
home study course. Send for Free Booklet. 
National Floral Institute. Studio SMC-3C. 
11826 San Vicente Blvd., Los Angeles 49, 
California. 

I Made $40,000.00 Year by MailorderI 
Helped others make money! Start with 
$10.00 -Free Proof. Torrey, Box 3566-T. 
Oklahoma City 6, Okla. 

LEARN Easy Streamlined Sewing Meth- 
ods. Money Making Opportunities. Study 
at home. Free Booklet. Susan Morris. 
Lifetime Career Schools, Dept. SMC-3C, 
11822 San Vicente Blvd., Los Angeles 49, 
California. 

AMAZING New Way to own your own 
Business. Send for Free Copy. Modern 
Franchising Magazine, 549 W. Washington, 
Chicago 6. 

OPERATE Profitable Mail -Order Busi- 
ness on $5.00 capital. Full information. 
Act now. Send $1.00. Coker Co., Dept. 
I.O., 244 Broad St., Tonawanda, New York. 

CAMERA & PHOTO SUPPLIES 

BUILD your own supersensitive light 
meter. Use newest cadmium sulfide light 
cell, shows ASA speeds .3 to 25,000, F stops 
7 to 90 measures accurately moonlight to 
bright sunlight. Send $24.95 to Kit Divi- 
sion, Science and Mechanics, 505 Park 
Ave., New York 22. 

CHEMICALS & APPARATUS 

PYROTECHNICS Manual contains for- 
mulas for Flares, Explosives and "Stars." 
$1.00. Kel-Tec Laboratory, Box 804, 
Burlington. Vermont. 

COINS, CURRENCY & TOKENS 

OLD Coins Wanted. Catalogue 256. 
Lachen, Box 1355, Philadelphia 5, Pa. 

TRUNKFUL 25,000 Indian -Lincoln cents 
mixed (from the 1920's & older). Will 

400 
$25 00, Sa pea bag ack "Grab-Bg" s 

offs 
ed - 

20 -$2.00. ix Mrs. 
Fischer, Box 5490. Sherman Oaks 93. 
California. 

LARGEST Coin Magazine, 288 Pages, 
506. Scrapbook, 7320-E Milwaukee, Chicago 
48, Illinois. 

EARTHWORMS 

BIG Money Raising Fishworms and 
Crickets. Free Literature. Carter Farm -O, 
Plains, Georgia. 

EDUCATION & INSTRUCTION 

LEARN Civil and criminal investigation 
at home. Earn steady, good pay. State 
age. Institute Applied Science, 1920 Sun- 
nyside, Dept. 386, Chicago 40, III. 

ELECTRICAL EQUIPMENT & SUPPLIES 

BUILD a high precision all purpose 
tachometer, 3 ranges. Measures speeds on 
tape recorders, lathes, cutting tools, auto 
engines, many more uses. Only $16.95. Kit 
Division, Science and Mechanics. 505 Park 
Ave.. New York 22. 

EMPLOYMENT INFORMATION 

OVERSEAS Jobs. List $1.00. Universal, 
P. 0. Box 682, (A), Kenosha, Wisc. 
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FLORIDA LAND MONEYMAKING OPPORTUNITIES 

FLORIDA Lake Living-Homesites near Everything. Established area. $390 Full Price-$5.00 Month. Information. write Lake Weir Shores 65, Silver Springs, Florida. Ad 6 -1070 -(F -O). 

FOR INVENTORS 

PATENT Searches -48 hour airmail service, $6.00, including nearest patent copies. More than 200 registered patent attorneys have used my service. Free In- vention Protection Forms. Write Miss Ann Hastings, P.O. Box 176, Washington 
4, District of Columbia. 

INVENTIONS needed immediately for manufacturers. For additional informa- tion write, Kessler Corporation, C -70 -FI, Fremont, Ohio. 

GEMS, MINERALS, ROCKS & 
LAPIDARY EQUIPMENT 

THIRTY Individually Wrapped Mineral Specimens $5.00; Fifty, $10.00. Free List. Green's, 6552 Vrain, Arvada, Colorado. 

HOME WORKSHOP SUPPLIES 

FREE. New Catalog, 2447 Plans. Pat- terns, World's greatest selection things to do, make. Fun, Profit. Craftplans 18250-H, Harwood, Homewood, Ill. 

ANSWERS to your woodworking prob- lem? We've got them in Woodworker's Encyclopedia No. 634. How the pros use tools. A must book. Send $1 to Science and Mechanics, 505 Park Ave., New York 22, New York. 

HYPNOTISM 

NEW concept teaches you self-hypnosis quickly! Free literature. Smith -McKinley, Box 3038, San Bernardino, Calif. 

MAGIC TRICKS, JOKER NOVELTIES 
& PUZZLES 

FREE Illustrated List cards, coins, magic. Gerten, 9420 Trumbull, Chicago 42. 

MEN -Women! Start Money -Making Plastic Laminating Business at home in spare time. Material that costs 11e brings back $3.58. No canvassing or selling but mail orders bring in $20.00 a day. Write for full particulars free. Rush name on postcard to Warner, Room CL -426J, 1512 Jarvis, Chicago 26, Ill. 

MAKE Money Writing Short Para- graphs! No tedious study. I tell you what to write, where and how to sell; and sup ply list of editors buying from beginners. Many small checks add up quickly. Write to sell, right away. Send for free facts. Benson Barrett, Dept. C309 -H, 7464 Clark, Chicago 26. 

OPERATE Restaurant or Diner. Free Booklet reveals profitable plan. Write Restaurant Business School, Dept. RC63, 1920 Sunnyside, Chicago 40, Ill. 

EASY to start rubber stamp business at home In spare time. Make up to $9.80 an hour without experience. Facts free. Write to Roberts, 1512 Jarvis, Room CR -426J, Chicago 26. 

WANT Additional Income? Earn Top commissions taking orders for Science and Mechanics. S&M Handbooks and a host of S&M products. National Advertising makes your selling Job much easier. Send $1.00 for details (refunded with your first order). Pete Reynolds, Science and Mechanics, 505 Park Ave., New York 22. 

PATENT SERVICE 

PATENT Searches -48 hour airmail service, $6.00, including nearest patent copies. More than 200 registered patent attorneys have used my service. Free In- vention Protection Forms. Write Miss Ann Hastings, P.O. Box 176, Washington 
4, District of Columbia. 

PATENT Searches, $6.80! For free "Invention Record" and "Important In- formation Inventor's Need," write: Miss Hayard, 1029 Vermont, Washington 5, District of Columbia. 

PETS-DOGS, BIRDS, RABBITS. 
HAMSTERS, ETC. 

MAKE us. In ormatioñ 5$ e 
Keeney Brothers,rabbitsor New Freedom. Penna. 

EARN $10,000 Yearly Raising Angora Rabbit Wool For Us. Information 25f. Coin. American Angora Company, Malta 77, Montana. 

SALESMEN-DISTRIBUTORS 

$1,000.00 a month for making dramatic 
3 -second demonstration of amazing light- weight Presto Fire Extinguisher. New chemical used by Airforce snuffs out fires instantly. Only $4.95. Terrific commis- sions. Millions want it. Free Kit. Merllte, 
114 East 32nd, Dept. P -92L, New York 16. 

SENSATIONAL new longer -burning Light Bulb. Amazing Free Replacement Guarantee-never again buy light bulbs. No competition. Multi -million -dollar mar- ket yours alone. Make small fortune even spare time. Incredibly quick sales. Free sales kit. Merlite (Bulb Div.), 114 E. 32nd, Dept. C -92L, New York 16. 

AMAZING opportunity. New low priced fire alarm protects homes, farms, offices, factories, etc. No wiring-hangs like pic- ture. Pays up to $1,100 a month. Free Kit. Merlite (Alarm Div.), 114 East 32nd St., Dept. F -92L, New York 16, N. Y. 

MAKE to $250.00 spare time. D monstrate 0qual quality cosmetics. Get $10.00 display kit on trial. Write for Free offer. Lucky Heart, Dept. 73%J3, Memphis 2, Tennessee. 

START YOUR OWN BUSINESS 

MAKE Mail Order pay. Get "How To Write a Classified Ad That Pulls." This handbook tells how, with examples: In- cludes certificate worth $2.00 toward clas- sified ad in S & M. Send $1.00 to C. D. Wilson. Science and Mechanics, 505 Park Ave., New York 22. N. Y. 

For Greater Classified Profits 
WHY NOT TRY THE NEW 

combination classified ad medium 
For $1.75 per word-your classified ad will appear in SCIENCE and MECHANICS MAGAZINE as well as in four SCIENCE and MECHANICS HANDBOOKS. Write now for information to Classified Advertising, SCIENCE and MECHANICS, 505 Park Ave., New York 22, N. Y. 

New Jet Engine Burns Gasoline 

Powerful continual thrust for models, experiments, thrills! Operates by itself or drives model car, boat, plane, etc. Lowest Priced Gas En- gine. Ram jet principle. No moving parts. Easy starting. Runs on regular gas. About IV, long. Use two for double @ power. (2 for $2.75.) Complete, each rJ s50 
JOHNSON SMITH CO., Dept. 348, Detroit 7, Michigan 

Imported Stiletto Knife 
OPENS WITH FLICK OF FINGER and LOCKS INTO 
POSITION. 
Prevents 
blade from 
snatang 

release.rt 
when 

Convenient 
use. Pkesh 

size yet rugged. Fine quality,pocket 
, 

PIERCES METAL. Narro, tapered sntiletto blade 
razor-sharp blhick ade. 

backbone for heavy duty use. F ne toutdoorl knife 'forth t sportsmen and emergencies. Comfortable handle. Safety guards. PPd. Z,CfI JOHNSON SMITH & CO., Dept. 348, Detroit 7, Mich. J 
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TEN 
delight ftd, exciting 

MOVIES 
FANTASTIC OFFER 
ALL TEN L $ 
IN 8mm FORR ONLY 

116mm-$4 ) 
The movie buy of a lifetime) 
Ten subjects, all different, 
brand new and thrilling, and 
all yours for only 20c each. 
You must be delighted or your 
money backl Rush $2 (cash. 
check or money order) to: 

SENSATIONAL MOVIE OFFER 
Box 69856, Dept. G-49 

West Hollywood 69, Calif. 

GET A BRITISH DEGREE! 
Divinity, Philosophy, Radionics, Homoeopathy, 
Hypnosis, Botanic Medicine, Biochemistry, Psy- chotherapy, Massage, Music, 35 courses, pros- pectus free. 
Brantridge Forest School, Balcombe, Sussex, England 



GIVE ME JUST ONE EVENING 

and I'LL TEACH YOU TO 
HYPNOTIZE EASILY: 

25 MIRACLE 

LESSONS 

HOW TO HYPNOTIZE 
New Simple Technique 

HOW TO AWAKEN SUBJECT 

THE POST -HYPNOTIC 
SUGGESTION. 
How to make others do your bidding 
after they are awakened; hypnotiz - 
ing by telephone. 

HOW TO GAIN MAGNETIC 
NEW PERSONALITY 

MESMERISM M 

Quick technique for hypnotizing. 

MAGNETIC HEALING M 
How to stop pain. Much surgery is 
performed by Hypnotism. 

HOW TO HYPNOTIZE 
FOR MONEY 

CURING BAD HABITS 4 
End sleeplessness, stop smoking, 
lose weight, etc. 

POWER OF SUGGESTION 

HYPNOTIZE YOURSELF 

MAGNETIC INFLUENCE 
Control others. 

HYPNOTIZING CROWDS 

HOW TO ENTERTAIN 

MIND READING 

HYPNOTISM IN BUSINESS 4 
. and much, much more is covered! 

1 

4 

M 

N 

a 

4 

4 

M 

I 

Palmer -Jones Publishers, Dept. 258 
285 Market St.. Newark, N. J. 3 

Hypnotize others quickly, safely ---perform 

any known HYPNOTIC FEAT with EASE! 

Amaze friends -Exert your Hypnotic Power 

over others - Be POPULAR and WANTED! 

YES, it's true! You can hypnotize easily, so EASILY and quickly you'll be 

amazed! And it doesn't take special talents or long months of study. The 

very first day you receive this miracle GUIDE TO HYPNOTISM you'll be 

able to perform wonders that will astound everyone. It's that SIMPLE.... 
WHEN YOU KNOW HOW. 

Imagine the thrill of being able to EXERT YOUR POWER OVER OTHERS. 

You'll be the center of attraction at parties or work. You'll be able to make 

others do your bidding... perform and entertain with feats that have baffled 

millions for years. And you'll do these wonders with EASE.For,Hypnotism. 
is no longer a secret miracle of science but a POWER anyone can exert 
over another.. when you know howl 

SIMPLE SECRETS 
REVEALED AT LAST 

For years the hnowledgè of how to 
produce hypnotic sleep has been so 
well guarded that -only a few have 
mastered this art. But now the veil 
of secrecy has been lifted and the 
innermost SECRETS and techniques 
revealed for the first time. The fact 
is that Hypnotism is a scientific fact 
that anyone can learn. Once you know 
these secrets and methods you can 
bring about this strange and wonder 
fill control that has only been used 
by doctors, psychiatrists and enter- 
tainers in the past. Yes, now this 
remarkable phenomena will be yours 
to use for pleasure,selfdevelopment 
and countless other benefits. 

111It111111111111111111111t1111t111 

YOU CAN PERFORM 
ANY HYPNOTIC FEAT! 
First, you must inderstand that what 
another person does with Hypnotism, 
you can also do. There isn't any- 
ttíing anyone has ever done with this 
art that you cannot do: YOU. c an 
make peoplecry, laugh, shout, stop 
smoking, recall childhood memories, 
act like an infant, make water taste 
like vinegar, get folks to sing, dance 
...do a 1001 things they would never 
do when not UNDER YOUR POWER. 
And the most amazing thing of all 
is --- HOW EASY ITIS TO DOl 

SO EASY TO MASTER! 
Here at last is the most perfect, 
complete and easily -learned course 
on Hypnotism ever written. In three 
short, simple chapters you learn the 
hidden secrets of Hypnotism and how 
'to work this scientific miracle. No 
long, technical, mumbo- jumbo ex - 

planations are given. The entire 25 - 

lesson Guide to Hypnotism is written 
in plain, SIMPLE language that any- 
one can understand. After the third 
lesson you are able to begin per- 
forming countless techniques and 
powers clearly explained in the next 
22 lessons. You'll learn how to cure 
bad habits in yourself and others, 
how to BUILD PERSONAL MAGNE- 
TISM SLEEP without drugs, use 
Hypnotism to help STOP PAIN, stop 
smoking, BUILD WILL POWER, 
LOSE WEIGHT, IMPROVE YOUR 
MEMORY and so much more. And 
you'll learn how to MAKE MONEY 
with your new power by entertaining 
at parties, lodges, club meetings, 
etc. Truly, 'this knowledge will give 
you a New SURGE of CONFIDENCE 
and POWER unlike any you have 
ever known 

ACT, FEEL AND 
BE A NEW PERSON! 

How often have you wished that you 
could EXERT a MAGNETIC POWER 
and INFLUENCE OVER OTHERS? 
Get people to respond to your every 
command . win respect, admiration 
and envy from both men and women 
Well,- DREAM NO LONGER. It's all 
possible through the secret, mag- 
netic power of Hypnotism.You'Il not 
only be MASTER OVER OTHERS 
but also yourself. You cán BUILD A 

STRONG, MAGNETIC PERSONAL- 
ITY through Self -Hypnotism. You 
use Mesmerism to READ the MINDS 
of others and Plant YOUR Thoughts 
in their minds.You can direct your - 

self to ACCOMPLISH anything. as 
easily as you can cornniand others; 

A 

25 Fact -Packed 

LESSONS TELL ALL! 
Never before has such a Complete 
and authentic course on Hypnotism 
been available at such a low price: 
Doctors and students have PAID 
hundreds of DOLLARSfor persona!, 
instruction in Hypnotism, when ob- 
tainable.Knowledge such as this cant 
be worth THOUSANDS of DOLLARS 
to the user over the years. Yet, due 
to printing economies, large press 
runs and also by the elimination of 
correspondence costs, the complete 
25 -Lesson Guide To HYPNOTISM 
is yours for only $1.98. Yes, only 
$1.98 for the COMPLETE COURSE 
bound in book form. Certainly a tiny 
In estment fur so much:. 

USE FOR 30 DAYS 

WITHOUT OBLIGATION! 
PROVE to Yourself that YOU CAN 
HYPNOTIZE EASILY. Order the 
25 -Lesson Guide tc Hypnotism today 
and put it to the test the verynext 
evening. The first three chapters 
teach you the. SECRET of Hypnotism 
and the 22 chapters that follow in- 
troduce you to many new WONDERS 
of this miraculous art. Fur the next 
30 days as our guest, perform the 
WONDERS of Hypnotism among your 
friends, at home and at work. Then 
if you don't feel it's the GREATEST 
VALUE you have ever received for 
$1.98 --we don't want you to keep it. 
Just mail it back and the small pay- 
ment you sent will be PROMPTLY 
refunded ---no questions asked. You 
have nov.tag to tosc I.m -- ztng n 

PO\1I 1.__ G 

CHECK HERE HYPNOTIC 

POWERS YOU WANT! 

INFLUENCE OTHERS 
SELF-HYPNOSIS 

} I CURE BAD HABITS 

LOSE WEIGHT - STOP SMOKING 
PERFORM STUNTS. TRICI.5 
DO MIND READING 

GAIN MAGNETIC PERSONALITY 
RELIEVE TENSION 
MAKE MONEY 

PAL\II:lt-Ju\L... l'I BALL , I, I. 2-,5 

285 Market Street, Newark, New Jersey 

YES, Send me for 30 -day HOME TRIAL the complete 25 -Lesson 
GUIDE TO HYPNOTISM. 

I enclose $1.98 - payment in full - which will ,be 
refunded to me if I am not 100¡a delighted. 

Name 

Address 

City 

I agree that I will not use this power for other 
than proper use. 



COLORED DOTº. &LOBS AND STRIPES and you can't tell one from another without knowing the code! Here it is .. 
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The meaning of colored dots or stripes on resistors . . . capacitors, and the 

significance of colored wires 

EVER looked under the chassis of a piece 
of electronic equipment and seen a num- 
ber of small parts with colored dots or 

stripes on them? Some may be resistors and 
some capacitors, but without a knowledge of 

the color coding system, it is hard to tell 
which is which, much less what values are 
involved. 

Some years ago the electronic industry set 
up certain standard color codes to label re- 
sistors and capacitors, and to identify leads 
from certain other components. This system 
is known as the RMA Standard Color Coding 
Plan. While color coding for wires had been 
used previously, there was no standard, and 
the manufacturer's data sheet had to be avail- 
able in each case to know what each color 
represented. 

In resistors and capacitors, any value 

RMA Color 

Codes 
By W. F. GEPHART 

printed on the unit may become obscure and, 
as units got smaller, there wasn't room to 

print the necessary information on them. So a 

color code was adopted which is based on 

each of ten digits bein: ented by a 

color, as follows: 
ack 0 

Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green-- . 

Blue 6 
Violet 7 

Grey 8 
White 9 

Before going i o how Lheecolors are used, 
let's look at the color sequence. It is essential 
that this sequence be remembered, to save 
having to refer jo a chart every time you see 
a resistor. 

Notice that the sequence starts with 
"Black," which is the absence of color and 
therefore represents "O." The next four col - 

(A) 

(B) 

(C) 

RESISTOR CODES 

I. DIGIT1 MULTIPLIER 

2. DIGIT TOLERANCE 

2. DIGIT MULTIPLIER 

I. DIGIT TOLERANCE 

2. DIGIT r -MULTIPLIER 

I. DIGIT -J TOLERANCE 

MOLDED MICA CAPACITOR CODES 

WHITE OR BLACK 

CURRENT RMA 

OLD 3 DOT 

0 0 0 
0 0 0 

OLD 6 DOT 

c0 0 4(11 

OLD 4 DOT 

VARIATIONS IN 5 DOT 

0 0 e 

KEY: 

FRONT 

I 
-IsT DIGIT 

2 -2ND DIGIT 
3 -3RD DIGIT 

0 0 
BACK 

M - MULTIPLIER 
V -VOLTAGE 
T -TOLERANCE 
C -CLASS 

FIGURE 1 
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IST DIGIT 

TEMP. 

COEFFICIENT 

CERAMIC CAPACITOR CODES 
MULTIPLIER IST DIGIT 

TEMP. 
COEFFICIENT 

TOLERANCE 

2ND DIGIT 

STAND- OFF 

2ND DIGIT TOLERANCE 

TEMPERATURE - COMPENSATED 
TUBULAR 

MULTIPLIER TEMP. COEFF 
ISTDIGIT TOLERANCE DIGIT 

2ND DIGIT TEMP. COEFF 

HIGH CAPACITY 

TUBULAR 

TEMP. COEFF 
MULTIPLIER 

2ND DIGIT 
TOLERANCE 

IST DIGIT MULTIPLIER 

EXTENDED RANGE 
T.C. TUBULAR 

MULTIPLIER ISTDIGIT MULTIPLIER 

TEMP. / 
COEFFICIENT/ TRANCE 

2ND DIGIT MOLDED 

INSULATED 
AXIAL LEAD 

MULTIPLIER 

IST DIGIT 
TOLERANCE 

l¿NDDIGIT 

--I11 11 1 Il I - 
WHITE BAND DISTINGUISHES 

FROM RESISTOR 

MOLDED 

DISK -TYPE CAPACITOR CODES 
2ND DIGIT 2ND DIGIT TEMP TEMP. COEFFICIENT 

1ST DIGIT I MULTIPLIER IST DIGIT/ MULTIPLIER TOLERANCE \ ` 1) 
TOLERANCE 

TEMP. COEFFICIENT 

5 - DOT 

¡ST DIGIT 
IST 

DIGIT 

2ND DIGIT MULTIPLIER 2ND DIGIT 

3 -DOT BUTTON FEED -THROUGH 

MOLDED PAPER TUBULAR 
IST DIGIT MULTIPLIER 

*IF TWO STRIPES SHOWN, 
le,11 VOLTAGE IS OVER 900 V. 

-1r I I h Ba E TWO ZEDRO DIGITS 
¡ OyVOLTAGE 

2ND DIGIT) / J * REPRESENTED BY TWO 

TOLERANCE 

O VOLTAGE STRIPES. I MULTIPLIER 
IST DIGIT [2ND DIGIT 

ROUND 
FLAT 

FIGURE 2 
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YELLOW 

FIG.3 

PRIMARY 

BLACK 

BLACK 

bYELLOW- BLUE 
AD- r YELLOW 

RED 

RED -YELLOW 

C.T. RECTIFIER FILAMENT 

C.T. HIGH VOLTAGE 

GREEN 

VGREEN-YELLOW C T FILAMENT No.1 
GREEN 1 

BROWN 

BROWN -YELLOW 

BROWN 
SLATE 

C.T. } FILAMENT No.2 

xze 
SLATE -YELLOW C.T.} FILAMENT No.3 
SLATE 

POWER TRANSFORMERS 

GRID OR 
GREEN VOICE PLATE 

COIL * 
*-IN OUTPUT TRANSFOR- 

MERS, VOICE COIL LEADS 
MAY BOTH BE BARE EN- 
AMELED OR BLACK INSU- B+ 
LATED WIRE. 

BLACK GRID OR 
VOICE 
COIL 

SINGLE- ENDED AUDIO 

PLATE OR ANTENNA 

B+ OR GROUND 

PLATE 

GREEN GRID 

BLACK 
GROUND 

(C.T.) 

GRE EN (OR GRID 
BROWN) YELLOW) 

CENTER -TAPPED AUDIO 

BLUE GREEN 

BLUE 

RED 

(C.T.) 

BLUE (OR 

GRID 

BLACK # (TAP) 

BLACK (OR 

GREEN -BLACK #) 

R.F COILS 6 I. F. TRANSFORMERS 

#-INDICATES COLORS 
WHEN SECONDARY 
IS TAPPED 

RED 
GROUND 

ELEMENTARY ELECTRONICS 
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ors are "warm" colors, progressing from dark 
to light (brown, red, orange, yellow). At this 
halfway point, the sequence shifts to the 
"cool" colors, with green for "5" and blue for 
"6". The next color is a close relative of blue, 
or violet, and represents "7." By this time, 
most colors are represented, and if combined 
might give grey, which is "8." The last color, 
which includes all hues, is white, and repre- 
sents "9." 

Practice memorizing this code by thinking 
of colors in terms of numbers, and numbers 
in terms of color. For example, if you see a 
brown, yellow, and white fabric, think of it as 
a "one -four -nine" fabric. If you see a street 
number of 3725, think of it as "orange -violet - 
red -green." This practice, plus remembering 
the sequence of colors (from warm colors to 
cool colors to all colors) will help you remem- 
ber the code. 

Now let's see how the code is used, looking 
first at resistors. In looking at a manufac- 
turer's list of resistors, you'll find that they 
run in value from 1 ohm to 22 megohms. 
You'll also notice that (with certain except- 
tions) standard values never have more than 
two significant digits. You will find values 
such as 47, 470, 4700, 47,000, etc. ohms, but 
not 47.5, 475, 4750, 47,500, etc. Exceptions to 
this are certain military, precision, and high - 
wattage resistors. Special coding, sometimes 
used on these resistors, will be mentioned 

later in this chapter. 
Since most resistors will then be a value which can be represented by two figures fol- lowed by a number of zeros, three colors can be used to indicate the value. Two of the colors will represent the significant digits, and the third will represent the number of eros following the two digits. 
Under this plan, a 47,000 ohm resistor can be represented by three color marks in se- quence; yellow for "4," violet for "7," and orange to indicate that the two numbers are followed by "3" zeros. A 22-megohm resistor 

would be red (for "2"), red (for "2"), and then blue (for "6" zeros). A low -value re- 
sistor, such as 47 ohms, would be represented 
by yellow (for "4"), violet (for "7"), and then 
black, indicating that the two numbers are 
followed by "0" zeros. 

The plan is simply that the first two num- bers indicate the first two numbers of the 
value, and the third color is the multiplier, 
indicating the number of zeros that follow the first two numbers. 

In most cases, two other "colors" are often 
used, representing tolerance to stated value. eihese are metallic colors, with "gold" indi- 
cating a 5% tolerance, and "silver" indicating 
10% tolerance. Most resistors are marked 
with four colors, three of which represent 
value, and one metallic color representing 
tolerance. 

PINK S6+KR. 
BCVt - *NO. 

SEC. 
GREEN -G{?, D 
BLK-(C.T.) GND 
YEUOW_GRID 
INPUT TRANS. 
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You'll notice that wattage is not included 
in the plan. Wattage can usually be deter- 
mined by physical size, since the larger the 
wattage, the larger the resistor must be to 
dissipate heat. While no fixed standards have 
been set, the difference in size between vari- 
ous wattages is apparent, and the differences 
in size between units of different manufac- 
turers (for equal wattage) is too small to be 
apparent. 

Figure 1 shows the marking system for 
resistors. Since the sequence of the colors is 

so important, a standard plan of showing 
them on the resistor was adopted. The cur- 
rent system (Fig. 1A) involve four colored 
bands around the resistor, starting at one end 
The band closest to the end represents the 
first digit, the next band the second digit, 
the third band the multiplier, and the band 
farthest from the end represents the toler- 
ance. Sometimes, on small resistors, the 
bands cover the whole body of the resistor, 
and appear to "start" at both ends. It is im- 
portant to remember that, when viewed 
properly, the code ends with the metallic 
tolerance color (gold or silver), and the value 
reading should start with the color at the 
opposite end. 

In a few cases, you might find four colored 
bands followed by gold or silver. These are 
military standard resistors, which sometimes 
involve three significant digits, such as 4750 

ohms. The system is basically the same, how- 
ever, in that the last color (excluding gold 
and silver) is the multiplier and the pre- 
ceding colors are significant digits. The 4750 - 

ohm value would be yellow -violet -green - 
brown, followed by gold or silver. Occasion- 
ally, a four -band system will also be used on 
precision resistors. 

Figures 1B and C show the system as it 
was formerly used. In this case, the body of 
the resistor was painted, and this body color 
indicated the first digit. One end was colored, 
indicating the second digit. The multipler 
was then shown as a colored dot or band 
around the body. The tolerance, when used, 
was sometimes a metallic color on the other 
end of the resistor, or a metallic band around 
the body. While this system is not being 
used now, it may be found on resistors used 
in older equipment. 

While this system has been adotped by 
foreign manufacturers, it may not be used on 
some resistors you find. Precision resistors, 
which may have a number of significant 
digits, usually have the value printed on the 
resistor, either in actual ohms, or manufac- 
turer's code. The color code is normally not 
used on high -wattage resistors, since the heat- 
ing of the resistor would burn. off the colors. 

If it is necessary to replace a resistor where 
the code is discolored or obscure, the im- 
portant color to look for is the third, or 
multiplier, color. If this can be determined, 

at least the range of resistance involved is 
known. For example, if the exact value was 
560,000 ohms (yellow multiplier color), the 
circuit would probably work (though not at 
optimum performance) with anywhere be- 
tween 330,000 and 820,000 ohms. But it prob- 
ably wouldn't work with values of 56,000 

ohms (orange multiplier), 5600 ohms (red 
multiplier), or 5.6 megohms (green multi- 
plier). Where the multiplier .color of the 
resistor to be replaced is in the low range 
(brown and red), the value of the significant 
digits color becomes more important. 

When applied to capacitors, the color -cod- 
ing system becomes more complicated. In 
the first place, there are different types and 
shapes of capacitors. Secondly, in many 
cases, two new factors, voltage and tempera- 
ture coefficient, have been added. However, 
the basic colors for each number remain the 
same. Since this system is normally used only 
for small capacitance values, the multiplier 
color becomes a decimal multiplier in some 
cases. 

Figure 1D shows how the codes are applied 
to molded mica capacitors, and Fig. 2 shows 
them applied to other types. Temperature co- 
efficients, while not too important in many 
applications, are shown to explain the ad- 
ditional dots or bands used with some sys- 
tems. The measurement is in "parts per 
million per degree centigrade" temperature 
increase. For example, if you had a 1.0 mfd. 
(1,000,000 mmf.) capacitor with a green tem- 
perature coefficient dot on it, it would 
decrease (since the sign in front of the value 
is minus) in capacitance by 330 mmf. for 
every degree centigrade temperature in- 
crease. If the dot were grey, the capacitance 
would increase (since the sign in front of the 
value is plus) by 30 mmf. for every degree 
temperature increase. 

By studying the drawings of the capacitor 
in Fig. 1D and 2, you can determine the 
sequence system that applies to various types 
of units. For example, in the six -dot molded 
mica codes, tolerance is alleys shown in 
gold or silver, and placing this dot in the 
center of the bottom row aligns the capacitor 
properly for reading the code. On three- and 
five -dot codes, an arrowhead molded around 
one of the dots helps alignment. On ceramic 
and disk capacitors, the spacing of the dots 
indicates proper alignment. 

Color -coding is also used in a standard 
fashion on certain transformers. These sys- 
tems are shown in Fig. 3. There are some 
options involved in center -tapped windings 
on audio and RF -IF transformers, but stand- 
ards are fixed for power transformers. All 
power transformers do not have all of the 
multiple filament windings shown here, and 
when only one filament winding is provided 
(in addition to the rectifier filament) it usual- 
ly follows the code applicable to filament No. 

ELEMENTARY ELECTRONICS 
21 



COLOR CODES 

FOR WIRING 

Color Circuitry* 
Black Ground leads 
Brown Filament or heater leads 
Red B -plus power leads 
Orange Screen grid leads 
Yellow Cathode leads 
Green Control grid leads 
Blue Plate leads 
Violet (Not used) 
Grey AC power leads 
White Common off -ground leads 

* The codes generally refer to con- 
nections made directly to element in- 
volved; for example, lead from plate 
pin to plate load resistor would be 
Blue, but lead from other side of 
plate load resistor to B -plus power 
would be red. 

1, regardless of voltage. 
In universal output, and multi -tapped 'au- 

dio transformers, the code is sometimes not followed. While the ends of the windings may 
follow the code, there can be no standard 
system for coding taps,, due to the variance 
in taps possible; and the various impedances 
that might be represented by the taps. In 
these cases, a manufacturer's data sheet must 
be used to determine the impedance or turns ratio value for each color wire. 

Quite often surplus transformers, originally 
made on special order for certain installa- 
tions, will not use a standard color code sys- 
tem on leads. Do not place much reliance on 
the colors of wires used on surplus trans- 
formers for this reason. 

To keep a permanent record on non-stand- 
ard coding on transformers, a label may be 
pasted on the side of the transformer. It there 
are a number of leads involved, or if the 
transformer face is too small to write all the 
necessary data on a label, make a small open - 
top envelope and paste it on the side of the 
transformer, including the data on a folded 
sheet in the envelope (Fig. 4). In either case, 

be sure to remove the wax from the side of the transformer with a solvent, so the label or envelope will stick to the surface. 
While not used too frequently, color codes have been standardized for wiring. These codes provide that certain colors of wire be used for certain leads in equipment wiring. Since hook-up wire is available in small spools for all of these colors, it helps in wiring and signal tracing to follow these codes. If the color of wire is entered on the schematic 

when wiring is done, it is also a great help in subsequent trouble -shooting. 
The codes use the same colors as the re- sistance and capacitor codes (with the excep- tion of violet), as shown in Fig. 5. If the 

code is to be followed consistently, it is im- portant to remember the note at the bottom 
of the chart. 

There is another common coding system 
which, while not based on colors, is fairly standard and used by many manufacturers. 
This relates to tapers on potentiometers. 

The "taper" on a potentiometer is the re- lationship of the change in resistance to the amount of rotation. You may have noticed 
that in some cases, a quarter -turn at one part of the control changes the resistance only 
slightly, while a quarter -turn at another part 
makes a great change in resistance. This 
would indicate that the potentiometer has a logarithmic taper, such as shown in curves 
B and C in Fig. 6. 

Notice that even with a linear taper (Curve 
A in Fig. 6), rotation in the first and last 10% 
does not change the resistance as much as the 
same amount of rotation in the middle 80% 
of the arc. Usually a linear taper is used for 
miscellaneous electronic circuits, where the 
scale is to be calibrated in a linear measure- 
ment such as "speed," "time," "voltage," etc. 
Where other tapers are more desirable, spe- 
cifications for the circuit usually indicate the proper taper to use. 

Figure 7 is a summary chart of color 
codes as applied to resistors and capacitors. 
It will be a help in using color codes if the drawings (Figs. 1, 2, 3, 5 and 6) and this chart 
(Fig. 7) be cut out and posted by your test 
bench. Some coding, such as that for resistors 
and power transformers, should be memo- 
rized; but the coding on capacitors is so com- 
plex, and that on wiring and tapers so seldom 
used that reference can be made to the draw- 
ings and chart. 

To check your understanding of these codes, try the quiz that follows. Answer the first 
four questions without referring to the draw- 
ings or chart, but use them for the rest of the 
questions. (Answers on Page 24). 

* * * * * * * * 

1. What are the values of resistors with the 
following color codes? 
a. White -red -red -silver 
b. Brown -black -yellow -silver 
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POTENTIOMETER TAPERS 

A 111-Linear, where resistance change is uniform 

B 1,11-Modified log (20% res. @ center-audio volume or tone control 

C (21-Semi-log (10% res. @ center)-audio volume or tone control 

D (ol-Tapered at both ends for grid bias and antenna circuit 

control; important where bias control is important to 

volume control 

H (£ 1-Tapped log curve for tone control with bass compensation 

P (51-Reverse of B (4) ; used as contrast controls in television 

Q (21-Reverse of C (2): used as picture control in television 

Notes: Numbers in parenthesis are sometimes used instead of letters. 

Taper D (61 also available in reverse. 

c. Yellow -violet -orange -gold 4. 

d. Brown -black -black -silver 
e. Blue -g ey-red-gold 

2. Give the color codes for the following re- 
sistances: 5. 

a. 10 megohms, 10% 
b. 47 ohms, 5% 
c. .51 megohms, 10% 
d. 3300 ohms, 10% 
e. 86,000 ohms, 5% 

3. You have a power transformer and want 
to check its voltage. 
a. What color leads do you connect to the 6. 

115 -volt line? 
b. In checking the voltages, would you 

use a high or low ac voltage range (on 
the meter) with the following pairs of 
colored wires? 
bl-Yellow-yellow 
b2-Brcwn-brown 
b3-Rec -red 7. 
b4-Green-green 

You have an audio transformer with five 
leads; blue, red, brown, green, and black. 
a. Which side (plate or grid) is tapped? 
b. Where does each wire go? 
You have a small round capacitor with 
five colored bands on it, the one at one end 
being wider than the rest. The colors, 
starting with the wide band on the end 
are white, green, brown, brown, and blue. 
a. What type is this? 
b. What is its value, temperature coeffi- 

cient and tolerance? 
You have a molded mica capacitor with 
five dots on it. When the dot with the 
arrowhead around it is in the upper right 
corner, the dots in the top row are yellow, 
violet and brown, and the dots in the 
bottom row are red and silver (reading 
from left to right in each row). What is 
the value, voltage rating and tolerance? 
A fairly large round cylindrical capacitor 
has four colored bands around it at one 
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Fig. 7 COLOR CODE SUMMARY 

u RESISTORS---- . CAPACITORS 

Red 

Yellow 

Blue 

Grey 

Gold 

MMF TOLERANCE Extended range 
10 # Temperature 

1st T 1st mmf. Over T.C. Coefficient 
& 

2nd Multi- 
o & * or 10 Capacitors 

Color # plier 
I 

. 

2nd 
# 

Multi- 
plier 

Volt- 
age 

less 
(mmf) 

mmf. 
(%) 

PPM/ 
°C 

1st 
# 

Multi - 
plier Color 

Black 0 1 - 0 1 - t 2.0 t 20 0 .0 -1 Black 

3rown 1 10 - 1 10 100 t .1 t l -33 - -10 Brown 
2 100 - 2 100 200 - t2 -75 1.0 -100 Red 

)range 3 1,000 --- 3 1,000 300 - t2.5 -150 1.5 -1000 Orange 
4 10,000 - 4 10,000 400 - - -220 2.2 -10,000 Yellow 

3reen 5 .1 meg. - 5 - 500 - - -330 3.3 +1 Green 

6 1 meg. - 6 - 600 t .5 t5 -470 4.7 +10 Blue 
'iolet 7 10 meg. - 7 - 700 - - -750 7.5 +100 Violet 

8 - - 8 .01 MFD 800 t .25 - +30 - +1,000 Grey 
Mite 9 - - 9 .1 MFD 900 t 1.0 t 10 "x" -+ 10,000 White - - 5% - - - t 5% t 5% - Gold 
Iver - - 10% - - - t 10% t 10% + 100 - - Silver 

Notes 
*- Where color code is shown. Where not shown, some manufacturers standardize at 1000 volts others at 500 volts. #- Temperature coefficient in parts per million per degree centigrade temperature increase. 
"x"- General purpose type. 
"y"- By-pass and coupling types 

end, and a single band at the other end. The four bands are (reading from end to center) brown, black, green, and white. The band at the other end is yellow. 
a. What type is it? 
b. What is its value, voltage rating and 

tolerance? 

Answers to Quiz 
1. (a) 9200 ohm, 10% (b) 100,000 ohm (.1 

meg.) 10% 
(c) 47,000 ohm (47K) 5% (d) 10 ohm, 
10% 
(e) 6800 ohm, 10% 

2. (a) Brown -black -blue -silver (b) Yellow - violet -black -gold (c) Green -brown -yellow - silver (d) Orange -orange -red -silver (e) Grey -blue -orange -gold 
3. (a) Black (bl, b2 & b3) low range (b3) high range 
4. (a) Plate side (b) blue; plate, red: B -plus, 

brown: plate, green: grid, black: ground 
5. (a) Molded, insulated axial -lead ceramic 

(b) 510 mmf., general purpose, ±5% tol- erance 
6. 470 mmf., 200 -volt, 10% 
7. (a) Molded paper tubular (b) 10,000 mmf., 

(.01 mfd.) 10% tolerance, 400 -volt. 
24 



"I finally got that darn transformer out, Mr. Peak." 

Continue Your Electronics Education! 

The next big issue of Elementary Electronics will 

pick up where this one leaves off! Don't miss it. 

Look for it at major newsstands September 10, 1964, 

or send $1 (to cover cost of postage and handling) to 

S&M Handbook Division, 505 Park 
Avenue, New York 22, New York 

Order Elementary Electronics No. 657-64. 

Reserve your copy now! 
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Working with 

Electronic 

Circuits 
The techniques, tools, 

and hardware involved in 
building electronic equipment 

By W. F. GEPHART 

FOR best results, certain specialized tech- niques, tools and hardware are required 
when working with electronic circuits. 

Some of the tools and hardware to be dis- cussed are not absolutely essential; however, 
they do make the job easier or the equipment 
better. 

One of the most important techniques in- 
volved in electronic circuitry is soldering. All 
connections must be soldered, and soldered properly for optimum, trouble -free results. Finding an intermittent short or loose con- nection in a piece of electronic equipment is a hard, time consuming job, and most are due to poor soldered joints. 

Soldering: Most technicians use a solder- ing gun, or, in the case of printed circuit work, 
a very small pencil iron. The soldering gun tip is fairly small, heats rapidly, and stays hot 
only while the trigger is pressed. This pre- vents excessive heating and oxidation of the 
tip. Tips are available in various sizes and 
shapes and are readily replaceable. 

A soldering gun works on a transformer 
principle, with the ac line being connected to the primary. The secondary consists of a very 
few turns of very heavy wire, with the copper 
tip being connected across this secondary. 
Due to the very few turns involved (com- 
pared to the primary), thére is a very low 
voltage, but very high current in this sec- 
ondary. This high current flowing through the 
tip causes it to get hot. The high current flows 
through the secondary, causing it to get warm. 
For this reason, soldering guns are rated for 

cycling use. (i.e., two minutes off for each minute on, etc.) 
Small soldering irons, often referred to as pencil irons, are usually of low wattage, and are used where delicate work is required. 

Screw -in tips for this type of iron are avail- 
able in various forms, including specialized 
tips for de -soldering printed circuit compo- 
nents. Even with regular spade or diamond 
tips, they are extremely handy in working 
with transistor circuits or where space is limited. 

Regular irons come in different sizes, both 
physically and electrically. Irons designed for 
general use usually have tips (spade or dia- mond -shaped) about %-in. diameter, and are rated at 75-100 watts. Heavy-duty units may 
have tips as large as 1 -in, diameter and be rated as high as 400 watts. 

A soldering gun, rated as between 100 and 
200 watts, is the best general purpose solder- 
ing tool. If a lot of work is to be done with 
transistorized circuits, a small pencil gun is 
useful, and, equipped with various de -solder- 
ing tips, is essential for extensive printed cir- 
cuit work. The best soldering iron for general 
use would be a 75 -150 -watt unit, but, unless a 
thermostatic iron holder is used, care must be 
taken to unplug the iron at times to keep it 
from getting excessively hot. Larger irons, 
and even propane torches are sometimes re- 
quired for special work involving heavy-duty 
components. 

Solder comes in various mixtures of tin 
and antimony, and the exact mixture is usual - 
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METAL -WORKING TOOLS for electronics include an assortrrn nt of taps and a tap -handle, a reamer, tweezer, center 

punch, hand ribbler chassis punches, nut -drivers, screwdrivers, wire cutters and pliers. Hase tools on hand. 

NEATLY WIRED CHASSIS may look like a rat's -nest more to a neophyte, but notice fiat all wirinq s neatly dressed, 

and squalled oft. Na loose componenrs to flop around there! All filament wires twisted help avoid hum. 
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TERMINAL BOARD MOUNTING was pioneered for the military. It's easy to make a chassis look neat this way! Wires lead to and from the board, component parts mount on the board, are easy to service or replace. 

ly a matter of individual choice. It is essential that only rosin core solder be used in elec- 
tronic wiring. Good joints are hard to make 
with plain solder, and acid core solder should 
not be used under any conditions. 

Acid core solder, or acid fluxes should never 
be used because of their electrolytic action. 
Wet batteries consist of two metals in an acid 
solution, and the acid residue and the metals 
of the connection (zinc and copper, tin and 
copper, etc.) made with acid core solder or 
flux may create a small battery. The minute 
voltage and current from this battery would 
interfere with circuit operation, and the con- tinued action of the acid residue would cor- 
rode the metals. 

The same is true, to a lesser degree, of other soldering fluxes. Most kit manufacturers spe- 
cify that flux not be used, and guarantees are 
void if they are. The purpose of a flux is to 
keep the air from oxidizing the metal as it is 
heated during soldering, and different fluxes 
have different acid contents. There may be 
cases where it is necessary to use a flux to get 
a good connection with a minimum of heat. 
But if used, the flux should have a very low 
acid content and should be used sparingly. 

In soldering, the joint or connection should 
be heated enough to permit the solder to flow 
readily, and then not moved until the solder 
has set. The most common types of poor solder 
joints are those where the heat was insuffici- 
ent, and the solder is merely tacked on 

(usually in the form of globules). Another 
type of poor joint is where the heat is suffi- cient and the solder flowed, but the joint was 
disturbed before the solder set, and the joint 
cracked. 

The first step to good soldering is to have 
the joint clean. Terminal lugs and wire should 
be scraped with a knife or razor blade until the metal shines. Where wires are involved, 
the dry joint (before the solder is applied) 
should be made as tight as possible, by crimp- 
ing the wire. The soldering gun or iron tip 
should then be placed against the joint until 
it gets hot. Solder is then applied to the JOINT, 
still holding the tip against the joint. Allow 
the solder to flow over the joint. If a small amount is used, where the weight isn't a fac- tor, it will tend to flow toward the heat. When 
the entire joint is covered with a thin coat of solder, remove the heat and the solder, taking 
care not to disturb the joint until the solder 
sets. When liquid, solder shines brightly, and 
glazes over or dulls when it sets. 

In applying heat to the joint, be careful to prevent excessive heat from damaging com- 
ponents. This is particularly important in 
transistors, which can be ruined by excessive 
heat. One precaution is to limit the heat by 
using the proper size gun or iron, and apply- 
ing it only long enough to properly melt the 
solder. Another is to grasp the wire leading 
to the component with long -nose pliers to 
dissipate the heat from the wire, through the 
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THE OTHER SIDE OF THE STORY is this cluttered hodge-podge, so typical of small, inexpensive radio sets. Costs 

are held down at all costs, so appearan:e suffers. You can bet manufacturer uses lovely plastic cabinet! 

pliers, before it reaches the component. 
Various types of wire are used in electronic 

wiring. Plastic insulated wire, either solid or 
stranded, is often used for general wiring, and 
is referred to as hook-up wire. Shielded wire, 
with a braided shield over a central con- 
ductor, is used for some low-level audio or 
RF applications, and may or may not have an 
insulated covering over the braid. Occasion- 
ally cable is used in wiring, and sometimes 
a number of wires are collected in cable form 
by lacing cable, or waxed string. 

Wiring: Stripping the ends of wire for con- 
nection purposes consists of removing the in- 
sulation from the wires at both ends. This can 
be done with special stripping tools, but the 
more common way is to cut around the in- 
sulation (about 1/4 -in. from the end of the 
wire) , and then pull the insulation off. 

Stripping shielded wire requires two opera- 
tions: cutting the shielding back about 3/8 -in. 
from the end, and then preparing the inner 
wire as above. One way to do this (if braided, 
uninsulated shielding is used) is as follows: 
Cut the wire to the desired length, and then 
bunch up the shielding somewhat, by pushing 
each end in toward the center. Then the 
shielding can be slid along the wire. Slide it 
until one end of the shield is about 1 -in. from 
one end of the wire. Then, holding that end of 
the shielding in position, smooth it out to its 
original length, and cut off the part that ex- 
tends beyond the other end of the wire. Bunch 

it up again, slide it back so equal parts of wire 
stick out at each end, smooth it out evenly, 
and you'll have about 1/2 -in. of insulated inner 
wire sticking out of each end of the shielding. 

In stripping cable, the first step is to remove 
the sheath. With plastic or rubber sheaths, 
one way to do this is to bend the cable double 
at the point where the sheath is to be cut. 
Holding the cable in a tight bend, lightly cut 
through the sheath at the top of the bend. Due 
to the tension at . the top of the bend, the 
sheath will split open before you cut into the 
insulation of the wires inside. By turning the 
cable, bending it double, and making cuts 
around the sheath, you can cut completely 
around the sheath without damaging the in- 
ner wires, and then pull the section of sheath 
off the end. If quite a bit of sheath is to be 
removed, a series of cuts such as this might 
have to be made. 

In wiring, sequence is most important. It is 
highly desirable to have all connections to a 
given lug made before soldering, but in wiring 
procedures and spacing of components, all 
connections might not be made at the same 
time. In a kit, instructions usually tell you 
when to solder, and in other cases, if a pic- 
torial diagram is available, you can readily 
see all of the connections that have to be made 
to a given point. When working from a sche- 
matic only, however, care must be taken to 
be sure all connections have been made to a 
point before soldering, and that all joints have 
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been soldered before the job is finished. 
Generally speaking, straight wiring (where 

only wire leads are involved) should be done 
first This permits the wires to lie flat on the 
chassis allowing components (resistors, cap- 
acitors, etc.) to hold them in place. Further- 
more, it places the most trouble free thing 
(wiring) at the bottom, allowing accessible 
space above for components that might have 
to be replaced later. ac filament leads (where 
one side is not grounded) should be twisted 
together to minimize hum induction into other 
leads or components. 

Wiring appears neater if kept straight, run- 
ning directly between connection points, or 
making right angle bends around components. 
It makes wiring easier to trace, but takes 
more time, and usually requires the use of 
solid, rather than stranded, hook up wire, to 
make them stay in the desired position. 

When a number of components have to be 
connected to ground or chassis, a bare ground 
wire lead running through the chassis is help- 
ful. This lead should then be connected to the 
chassis at one point This not only simplifies 
connecting components to ground, but pre- 
vents the possibility of eddy through the 
chassis at grounding points. 

All components and wiring should be 
securely mounted, lest movement of the unit 
create loose connections, or even broken 
wires. Each unit should be built as though it 
were to be placed in mobile service, as far as 
component mounting is concerned. If not, 
even moving a unit across the bench might 
cause enough component movement to re- 
sult in a loose or broken connection. 

Handling Parts: While some components 
(such as tube sockets, some transformers, 
etc.) have lugs to which components can be 
fastened, tie points are usually necessary. 
These come in a variety of forms and are 
bolted to the chassis (perhaps with a mount- 
ing bolt used for a component, such as trans- 
formers, etc.). The tie point lugs, most of 
which are insulated from the chassis, can then 
be used as connection points for various com- 
ponents and wiring. 

Vector tube sockets are another means of 
mounting components. These are sockets with 
an insulated rod molded to the bottom of the 
socket, at the end of which are a number of 
mounting lugs. Small components, such as 
resistors and capacitors can then be mounted 
between the regular tube socket pin lugs and 
the lugs at the end of the rod. They are avail- 
able for many types of sockets, in various rod 
lengths, depending on the size of the com- 
ponents and chassis depth. 

All components, no matter how small, 
should be properly supported. You should 
never make a connection between a compo- 
nent (without a lug connection) and a wire, 
except at a tie point or other lug, such as on 

another component or grounding lug. One 
exception to this might be a connection be- 
tween a small component and a stiff, well - 
mounted grounding buss wire. Many small 
components are small and light enough, and 
have stiff enough leads that soldering the leads to lugs or tie points is suitable. In large tubular capacitors, however, a mounting strap 
for the body of the capacitor should be used, 
unless the leads are particularly stiff and 
short. 

One method of wiring, which insures excel- lent component mounting, is the use of ter- minal boards. Here, all parts are mounted be- tween lugs on a terminal board, and the board mounted on the chassis. Wire then runs between lugs on the terminal board and and those on other terminal boards or other chassis -mounted components. Using terminal boards results in efficient, compact wiring, and ready accessibility for parts replacement 
Metal Work: In building electronic units, certain metal work is involved in chassis and panel preparation, unless kits are involved. 

If layouts are furnished (as in most RADIO-TV 
EXPERIMENTER articles), the chassis and panel can be marked by making a full-scale drawing 
of the layout, taping it to the chassis or panel, 
and then center punching all of the holes. If 
desired, pilot holes can be drilled through 
the paper layout and metal, using the drill for the smallest hole involved. Then the layout 
can be removed, and the various holes en- larged to the proper size. 

In drilling larger holes (1/$ to I/2 -in. a pilot 
hole should be drilled first to assure proper 
centering. Larger round holes (1/2 -in. and up) are best made with metal screw punches, 
which come in various sizes from 1/2 -in. up to 
nearly 3 -in. Punches are also available for 
special -shaped tube socket holes, and square 
holes up to 11/2 -in. 

Large square holes can be made with a 
hacksaw or nibbling tool. In either case, the 
first step is to scribe the area to be cut out. If 
a hacksaw is to be used, a hole big enough 
for the hacksaw blade is drilled at each 
corner of the square, and then saw cuts made 
along the scribed lines. The corners are then 
squared off with the hacksaw or a file. 

With the nibbling tool, a %-in. hole is 
drilled at one corner, the tool inserted in this 
hole, and then the metal is cut out along the 
scribed lines. This tool can also be used for 
making slots (1/4 -in. wide or larger), or cut- 
ting irregularly -shaped holes. 

After the chassis and panel have been com- 
pletely drilled and punched, all chassis- and 
panel -mounted components should be fast- 
ened in place before wiring starts. When it is 
known that tie points are to be used, they 
should also be mounted. 

In some cases it is necessary to drill a hole 
in a chassis or panel after wiring is completed. 
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MORE HARDWARE YOU'LL SEE includes assorted machine screws (above left), self -tapping or sheet metal screws, 

spade bolts, various nuts, lockwashers, switch plates, cable clamps, solder lugs, grommets and snap -hole plugs. 

This involves the danger of damage due to the 
blow of center punching, short circuits due to 
metal drilling chips getting in the wiring, and 
the possibility of the drill breaking through 
into a component or wiring. These dangers 
can be minimized by: 

a. remove all delicate removable compo- 
nents, such as tubes, meters, etc. 

b. Place a square of heavy adhesive tape 
over the point where the hole is to be 
drilled. Mark the center on the tape, and 
center -punch through the tape, using a 
fairly light blow. 

c. Build a circular dam of putty around the 
center point, to catch the drilling chips. 

d. Place a section of tubing around the drill, 
whose length will just permit the drill to 
penetrate the metal. 

e. Drill through adhesive tape to minimize 
need for deeply -punched center. 

Shielding is sometimes required in elec- 
tronic circuits. Sometimes it is for low fre- 
quency ac (to minimize hum) , and some- 
times for high frequency RF (to prevent in - 
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terference between circuits) . If required for 
ac, a ferrous magnetic -type metal, such as 
soft iron, must be used for effective shielding. 
These metals are also effective for RF, but if 
only RF is involved, aluminum or copper may 
be used, the latter being the most effective. 

Tube shields are usually made of steel for 
complete shielding, but usually coil shields 
are aluminum, since RF shielding is the ob- 
ject. 

Sometimes it is desirable to shield an area 
in the unit from the rest of the unit. This is 
usually done by covering the entire area with 
a shield can. For most effective results, some- 
times the area is shielded both above and 
below the chassis. Sometimes the desired re- 
sult can be secured by only a partition shield 
between the two areas, without completely 
covering the area. 

In all shielding, wires, individual compo- 
nents, or areas, it is essential that the shield- 
ing material be well-grounded. If low fre- 
quency ac is involved, it is important that the 
chassis, as well as the shielding material, be 
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steel. Proper grounding not only involves 
bolting the shielding material to the chassis, 
but a soldered wire braid connection between 
the two. 

Electronic Hardware: Certain specialized 
hardware is used in electronic units. Machine 
screws and nuts are often used in assembly, 
varying from the small 2-56 size up to 12-24 
size. For fastening parts to a chassis, round 
head, truss head or binding head screws are 
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SOLDERING TOOLS are very 
important. The three most 
commonly used varieties are 
in the photo at left. The 
soldering gun, the stand- 
ard iron and pencil iron. 

usually used. For panel mounted parts, these 
may be used, or sometimes countersunk flat 
head, or oval head screws with cup washers 
are used. The spade bolt, which comes in 
several styles, is convenient for mounting 
terminal boards or shielding sections or cans 
to a chassis. 

Lock washers, or self locking nuts should 
be used with machine screws, and care should 
be taken to be sure that the washer is small 

GOOD AND BAD soldering 
techniques illustrated. Wire 
at left is simply poked 
through and tacked. Wire 
at right is first made me- 
chanically sound, soldered. 



enough to permit the teeth to press against 
the nut if regular nuts are used. Both in- 
ternal and external lock washers are used, 
and some are large enough for use with con- 
trols and switches. 

As well as regular hex nuts and self lock- 
ing nuts, wing nuts and binding post nuts are 
used where frequent loosening is required. 
Cap nuts are used where appearance is im- 
portant, as on panels. 

Wherever wires go through holes in chassis 
or panels, rubber grommets should be used 
to protect the insulation from the sharp edges 
of the hole. Hole plugs can be used to cover 
access holes (for seldom used controls), or 
even to plug mistakes. Other items of spe- 
cialized hardware include spacers (both metal 
and fiber), lugs, cable clamps, switch and 
control plates, etc. 

In addition to soldering equipment, certain 
specialized tools are required for electronic 
work. Some are essential, others merely help- 
ful. Below is a list of tools for an electronic 
shop, including comments about certain spe- 
cialized types: 

Utility screwdriver (1/8- to %o -in. blade 
width) 

Screw -holding screwdriver, with 1/8 -in. 
blade (for starting and holding screws 
in those hard -to -reach places) 

Screw -holding screwdriver, with 1/4 -in. 
blade 

Thin %2 -in. blade screwdriver (for knobs 
and other set screws) 

Jeweler's screwdriver (for extremely small 
screws) 

Phillips screwdrivers #0, #1, and #2 

Diagonal wire cutters 
Side cutter pliers 
Longnose pliers 
Needlenose pliers (for holding wires, etc., 

where space is very limited) 
Tweezers (for picking up objects in 

cramped quarters) 
Socket wrench assortment (for holding, 

tightening, or loosening hex nuts and 
screws) 

Hole punches (1/4 -in. for switch mounting 
holes, 5/8 -in. for 7 -pin sockets, 3/4 -in. for 
9 -pin sockets, 1%o -in. for octal sockets, 
etc.) 

Taper hand reamer (to enlarge round holes 
to odd sizes) 

Nibbling tool (to cut square holes and slots) 
Taps and tap wrench (4-36, 6-32, 8-32, 10- 

24; to thread holes in metal) 
Jeweler's files (small set, to enlarge small 

holes, cut small slots or irregular holes) 
High speed drills; 1/io to 1/4 -in. by 64ths, and 

5/16, 3/8 and 1/2 -in. (High speed give longer 
service and cleaner holes than carbon 
drills) 

Center punch 
Alignment tools (assortment, to permit ad- 

justments with minimum body or metal- 
lic effect on the circuit) 

By having the proper tools, and by using 
the proper techniques with electronic cir- 
cuits, you can get a neater, better working, 
trouble free piece of equipment. It takes very 
little more time and expense to build it right; 
but it might save untold time, trouble and 
frustration later. 

Tape Tube Handle 
Pulling miniature 

and sub -miniature 
tubes from their 
sockets in crowded 
electronics hookups 
will be much easier 
if you provide each 
tube with a handle. 
Use a strip of mask- 
ing or Mystik tape 
looped over the top SMALL 1118E 

of the tube and se- 
cured around the bottom with another strip 
of tape. Don't use tape on tubes that heat up 
excessively, because of the possible danger of 
fire due to tape igniting. Never use plastic 
tape for this purpose as it ignites easily. 

Color -Code Transistor Leads 
Accidentally con- 

necting the leads of 
a transistor to the 
wrong terminals in 
a circuit may ruin 
it. Prevent this cost- 
ly mistake by color- RE D 

coding each wire TAB 
lead with a small 
tab of colored plas- 
tic gift -wrapping 
tape. Use red (hot) 
tape for the emitter, 
blue for the base, 
and green (cold) 
for the collector.- 
J. A. C. 

B LUE 
TAB 

BASE 
EMITTER 

TRANSISTOR 

COLLECTOR 
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Confused by schematic 

diagrams? Well, it's 

no wonder because you 

can't tell all the 

players without a 

scorecard! The 

schematic dia- 

gram helps find your way 

through the circuit 

Fic,u2E 1 A 

By W. F. GEPHART 

1 
T 

NON- POLARIZED 

OR-.. 

POLARIZED 

Fig. 2: Fixed capacitors are shown in photo above with 
the schematic representation most often used. 

Reading 

TO MOST people, an electronic circuit 
shown in schematic diagram form is a 
meaningless mess of lines and mysterious 

symbols. In reality, it is the simplest means 
of showing the circuitry, and the best way 
of being able to understand the circuit. Pic- 
torial wiring diagrams are a great help in 
building electronic equipment, but of little 
help in trouble -shooting or understanding 
circuit operation. 

In Pictorial Diagrams, parts and wires are 
shown where they are actually located, with- 
out any reference to circuit path. In construc- 
tion, parts and wiring are placed by physical 
necessity, with signal paths as a second con- 
sideration. After construction, a pictorial 
diagram is worthless, since it is merely a 
drawing of the equipment that has been built. 

Figure lA shows the pictorial representa- 
tion, and Fig. 1B the schematic repr ientation 
of the same circuit. The pictorial diagram 
shows the placement of parts, and (where 
resistance and capacitance values are shown) 
helps identify parts. It is a great help when 
building the unit. But it doesn't show what 
type of circuit is involved, where the input 
and output are, etc. 

In the schematic representation (Fig. 1B), 
you can't tell where the parts are physically 
located, but you can tell it is a two -stage audio 
amplifier, using a dual triode. It also shows 
where input and B+ voltages are applied, 
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Schematic grams 

and where output is secured. 
Suppose, in a case of trouble with a kit -built 

unit (built with instructions and pictorial 
diagrams) you find a lack of voltage on a 
certain tube pin. Without a knowledge of 
symbols and schematic diagrams, the next 
step would be to laboriously trace out a lot 
of wiring, and check a lot of parts. But, with 
a knowledge of symbols and the ability to 
read a schematic, you can, at a glance, tell: 

a. Where the voltage is supposed to come 
from, 

b. What tube element the tube pin repre- 
sents, 

c. What parts are between the tube pin and 
voltage source. 

Schematic diagrams are usually drawn in 
an organized fashion. Usually the signal in- 
put is in the upper left-hand corner, with the 
output in the upper right-hand part, so the 
signal path reads left -to -right across the dia- 
gram. Power supplies and auxiliary circuits 
are usually shown at the bottom, with the 
battery (or ac input) at one edge of the 
diagram (lower left, bottom, or lower right). 

Before looking at any schematics, let's look 
at the symbols used. Figs. 2 through 15 show 
a number of common symbols, and in some 
cases, pictures of typical parts that the sym- 
bol represents. Notice that, for several parts, 
there are several acceptable type of symbols. 

With fixed capacitors (Fig. 2), polarity 
sometimes is not shown, even though the 

FtGu2L- 16 

xett,4,'`. 

i 

Fig. 3: Variable capacitors are sometimes multi -gang as 
at top, sometimes are trimmers, or padders shown below. 
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Fig. 4: These are all fixed resistors, even the adjustable Fig. 6: Rectifiers are bridge -type (top) or single unit. 
at top is considered as fixed for most applications. Known by material i.e., selenium, silicon, germanium. 

Fig. 5: Variable resistors include numerous types, many Fig. 7: Transformers diagrammed. Lines through center 
with different names, such as potentiometers, rheostats. indicate iron core, others are air -core for RF. 
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polarized symbol is used. When the polarized 
symbol is used without a sign, the curved or 
angled plate is negative. When the upper 
symbol is used, the polarity is not important, 
and most capacitors represented by this sym- 
bol do not have polarity marked on them. 

With varaible resistors (Fig. 5), the bot- 
tom symbol is usually used in connection 
with rheostats, where only two connections 
are involved. 

The symbol (and unit) at the top of Fig. 6 is 
a bridge rectifier, which is actually four single 
rectifiers built and connected together. It is 
readily recognizable by having four connec- 
tions. Units with two connections are single 
rectifiers, and occasionally you'll find one 
with three connections. This is a dual unit, 
with a common cathode connection. 

Radio frequency transformers (Fig. 7) 
sometimes have powdered iron cores, which 
is indicated by dashed lines in the coil wind- 
ings of the symbol. Sometimes the trans- 
formers are tuned by moving this core. In 
these cases, a small arrow is shown above the 
coil winding, and the capacitors (if used) are 
fixed type instead of trimmers. 

There are two basic symbols for rotary 
switches (Fig. 9). Either may be used for 
multi -gang switches, and when the "pictorial 
wafer" symbol (lower left) is used for multi- 
gang switches, they are usually not tied to - 

OR 

-(2M25-n- 

gether with a dashed line (as in the top 
symbol), but indicated by "A," "B," "C," etc. 

In Fig. 10, the bottom symbol represents 
leaf -type switches and push -buttons, and the 
arrow indicates the direction of movement. 
The symbols at the top may be used for toggle 
switches, micro -switches, regular push -but- 
tons, etc. 

Battery symbols (Fig. 12) are used with 
considerable variance. Usually the single 
symbol (at top) indicates a single cell (1.2 or 
1.4 volts). For higher voltages, sometimes in- 
dividual cells are not shown (as in lower 
left), and the exact voltage noted, either by 
the symbol or in a parts list. In other cases, 
a number of cells is shown (lower right), 
but the number of cells do not necessarily 
indicate the exact voltage. 

The jacks shown in Fig. 13 represents 
only two possibilities. Jacks, like leaf -type 
switches and relays, come in a wide variety 
of contact arrangements. 

The tube symbols (Fig. 15) show only some 
typical examples. All of these involve heat- 
er -cathode tubes, but in battery -type tubes, 
with dc on the filaments, cathodes are not 
involved. In addition to the types shown, 
there are many other combinations of multi- 
purpose dual and triple tubes. The basic 
symbol principles apply to all combinations. 

Now let's look at a simple schematic (Fig. 

o 0 o 0 0 O 

/ 0a / /` / / 

Fig. 8: Choke symbols closely follow transformer types. Fig. 9: Various rotary switches are usually shown by 

Simple wire helix can serve as air core transformer too! breaking out the circuit functions the sections perform. 
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T(OR) 
/// 

(OR) 

(LOOP) 

(OR) 

ANTENNAS WIRES CONNECTED 

(OR) 

WIRES NOT CONNECTED 

FIG. 14 

16). This is a three -stage battery amplifier 
circuit, using pentode tubes. The input (a 
jack) is on the left, and the output (speaker) 
is on the right. This diagram uses symbols 
for transformers, two types of resistors, two 
types of condensers, two types of batteries, 

o 

I ° SP5T I/ SPOT 
o 

DPOT 

cf o 

f 

GROUND COMMON POINT 

(BUT NOT TO 

CHASSIS) 

and a switch. 
The arrows show how easy it is to trace 

signal paths through a schematic diagram. 
One side of the incoming signal is grounded, 
and goes through ground to one side of the 
output. The other side of the input goes 

O 

Fig. 10: Various laver and toggle switches. Cross- Fig. 11: Relays are drawn by separating the coil which 
hatched actuator section indicates insulating material. is actuated by different voltages from the contact. 
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A A -F- 

WIRES CONNECTED BY 

REFERENCE RATHER 
THAN BY LINES 

C 

e 

PNP TRANSISTOR 

FIG. 14 ( cont.) 

SHIELDED OR 

COAXIAL JACK 

BINDING BUZZER 
POST 

bl 

b2 
e 

NPN TRANSISTOR UNIJUNCTION TRANSISTOR 

through the input transformer, from, grid to 
plate of the first tube, through a coupling 
capacitor to grid of the second tube, etc., as 
shown by the arrows. 

In this case, the plate voltage battery sym- 
bol uses a two cells separated by a dashed 

Fig. 12: A battery is a group of cells. Therefore, if you 
simply draw a group of cells, you have drawn a battery. 

line and shows the voltage by the symbol. 
In some schematics, actual values of all parts 
are shown by the symbol; in others, the part 
is given a code (such as R, Cr, etc.) which 
is shown by the symbol, and then a parts list 
gives the value for each code designation. 

I(.«M)=Me. 
E (on V) = VOLTS 

NEON 

OPEN CIRCUIT 

OR 

Ma -REFERS TO 

PARTS LIST 

-@- 
INCANDESCENT 

I, e 
CLOSED CIRCUIT 

Fig. 13: Meters, pilot lamps, jacks and speaker are almost 
graphic or pictorial representations of the units depicted. 
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Suppose you wanted to make some voltage 
measurements on this equipment, between 
ground and certain points. A quick glance 
at the schematic will tell you when to use 
a 1.5 -volt meter range, and when to use a 
90 -volt range. 

Most circuits are broken down into stages, 
or sections. Due to the organization of a 
schematic, it is easy to visualize each sep- 
arate section. The dashed lines in Fig. 16 

show this circuit broken down into four stages 
or sections. Sometimes schematics will in- 
clude dashed lines, showing this sort of break- 
down. In more complicated equipment, such 
as TV receivers, oscilloscopes, etc., the lines 
will include several tubes in one section, but 
the enclosed area will be a single function 
(such as video amplifier, horizontal sweep, 
etc.) and will usually be labeled. 

These enclosures are an aid to trouble - 

H 

SINGLE 

P P2 

H K 

K 
H H 

TWIN WITH 
SINGLE CATHODE 

H H 

TWIN WITH 
TWO CATHODE 

DIODES 

DI 

H H 

TWIN DIODE - 
TRIODE 

TRIODES 

2 

K H H 

GAS PENTAGRID 
REGULATOR CONVERTER 

MISCELLANEOUS TYPES 

FIG.15 

G2TR G 

GITR DI 

D2 
KIR 

H H 

SINGLE 

P 

G3 

GI 

GI 

H H K H 
KG3 

BEAM POWER (INTERNALLY CONNECTION 
FOR G3) 

PT TR 

H H 

TRIODE- 
TETRODE 

TETRODES 

H H 

TUNING 
EYE 

P 

H H KG3 

TWIN DIODE - 
PENTODE 

PENTODES 

OPTIONAL CODES 
HEATER :H OR F 

CONTROL GRID: G1 OR G 

SCREEN GRID: G2 OR GSC 

SUPPRESSOR GRID: G3 OR Gsu 
CATHODE : K OR C 

PLATES a DIODE PLATES 
ALWAYS SHOWN AS 
INDICATED ON DIAGRAMS 
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FIRST STAGE 
(INPUT SECTION) 

1.5 't 
I 

~I90V ,I 

(POWER SECTION) 

SECOND STAGE 

FIG. I6 

shooting when using a schematic. For ex- 
ample, if you have no sound in a TV set, the 
enclosed areas on the schematic such as 
"Sound IF," "Sound Limiter," "Sound Out- 
put," etc., will tip you off where to start look- 
ing for the trouble. 

Now let's look at a schematic which, even 
though it has fewer tubes, is a little more com- 

THIRD STAGE 

(OUTPUT SECTION) 

T 

plicated (Fig. 17). Again the input is on the 
left, output on the right, and power supply 
at the bottom. Here, since higher voltages 
are involved, polarity is shown for many ca- 
pacitors, both by the nature of the symbol 
and by signs. Here the parts have code num- 
bers where the exact value would be shown 
on a separate parts list, and the tube pins are 

FIG. 17 
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numbered. Notice too, that since this unit is 
connected directly to the ac power line that 
there is a common lead that is not connected 
to the chassis. 

Looking at this schematic, ask yourself 
what tube pins will have high voltage do on 
them? Which will have ac on them? Which 
will have virtually no voltage on them? 

If point "X" is +150 volts do to the com- 
mon lead, there should be relatively high do 
voltage on Pin 6 of V,. But suppose this pin 
shows no voltage? Isn't it easy to tell from 
the schematic what resistors might be open, 
or what capacitors might be shorted out? 

Schematic Diagrams on complicated equip- 
ment such as TV sets, communications re- 
ceivers, etc., . may appear confusing at first 
glance, but understanding and reading them 
can be simple if you keep three things in 
mind: 

a. Know your symbols 
b. Remember the usual organization; input 

(antenna, microphone, etc.) on the left, 
output (speaker, relay, meter, etc.) on 

FIG. 18 

the right, with supplementary circuitry 
below. 

c. Look at the circuit by stages, or sections 
To check yourself on your knowledge of 

schematic diagrams, try the following quiz 
(Answers on Page 45). 

1. Refer to Fig. 18. Without referring to 
previous figures, identify all of the numbered 
symbols. 

2. A functional section or stage of a sche- 
matic diagram only includes one tube or 
transistor (True) (False). 

3. Which type of drawing, schematic or pic- 
torial, is most useful in: 

a. Trouble -shooting 
b. Construction 
c. Signal Tracing 
d. Circuit Understanding 

4. In schematics, all connections between 
points are represented by a line (True) 
(False) 

5. In schematics, inputs are always on the 
left with outputs always on the right (True) 
(False) 

14 
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Alb 

Answers to Quiz 

1. Symbol representations are: 
1-Non-polarized fixed capacitor 
2-Tapped coil 
3-Trimmer condenser 
4-Antenna 
5-Fixed resistor 
6-Dual triode tube 
7-Solid-state rectifier 
8-Non-polarized fixed capacitor 
9-Potentiometer 

10-Polarized capacitor 
11-Relay 
12-SPDT switch 
13 -3 -pole, 3 -pos. rotary switch 
14-Incandescent pilot light 
15-Buzzer 
16-Power transformer 
17-Duo-diode tube 
18-Polarized capacitor 
19-Iron-core capacitor 

20-Polarized capacitor 
21-Tapped fixed resistor 
22-Ground 
2. False. Often dual-purpose tubes, or several 

tubes or transistors may be included in one 
stage or section, such as a push-pull audio 
output stage. 

3. (a) Schematic (b) Pictorial (c) Schematic 
(d) Schematic. 

4. False. Sometimes leads stop with a code let- 
ter, and pick up elsewhere in the diagram 
with the same code letter. (See "A" and 
"B" in Fig. 18.) This minimizes the lines 
required in the schematic and makes it 
simpler. 

5. Neither. Usually inputs are on the left and 
outputs on the right. In some cases, where 
there are multiple inputs or outputs, or mix- 
ing of signals is involved, etc., this usual 
procedure may be varied. 

"I was watching the parade, then they started showing those darn elephants." 
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THE INSIDE STORY 
The more new and different portable electronic de- 
vices that man invents require new and different 
sources of energy. As a result, there are new bat- 
teries being used today in greater quantities than 
before. Here's a rundown on how they operate. 

By JOHN POTTER SHIELDS 
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THE invention of the first electrochemical 
battery, or more correctly "cell," is cred- 
ited to the Italian physicist Allesandro 

Volta. Volta noticed that an electric current 
would flow between copper and zinc elec- 
trodes immersed in acetic acid. From this 
crude beginning, the chemical "battery" has 
evolved to a highly developed state, although 
the basic electrochemical principles demon- 
strated in Volta's original cell still form the 
basis for present-day cells. 

The first relatively practical electrochemi- 
cal cell was developed by a Frenchman by the 
name of George Leclanché in 1868. Leclanché 
substituted a carbon rod for the copper posi- 
tive electrode originally used by Volta, and 
an electrolyte consisting of ammonium chlor- 
ide in place of the acetic acid. A "depolarizer" 
consisting of manganese dioxide (MNO,) was 
placed around the positive carbon electrode. 

The first "dry cell" was produced by Dr. 
Gassner in 1888. This unit consisted of a zinc 
container which also served as the cell's nega- 
tive electrode. A central carbon electrode 
formed the positive electrode and the electro- 
lyte was absorbed in a porous container .. . 

the complete cell being sealed off at the top. 
This cell formed the prototype of our modern 
dry cell battery industry. The internal con- 
struction of a modern dry cell is shown in 
Fig. 1. 

To get a good understanding of just how 
electricity is produced from chemical action, 
let's go back to Volta's original zinc -copper 
cell, although this time, substituting dilute 
sulphuric acid for his original acetic acid elec- 
trolyte. Let's take a look at Fig. 2. Here we 
see two strips of metal, one of copper and the 
other zinc, immersed in a dilute sulphuric 
acid solution (electrolyte). 

The following is the action that takes place 
between the sulphuric acid (H2SO4) and the 
zinc strip (ZN). In going into solution, the sul- 
phuric acid breaks down into its constituent 
atoms. It's SO4 molecules accept electrons 
from the H, atoms, with the result that the 
sulphate molecules become negatively 
charged sulphate ions and the hydrogen atoms 
become positively charged ions. Remember, a 
deficiency of electrons results in a positive ion 
while a surplus of electrons produces a nega- 
tive ion. 

The presence of the zinc strip in the elec- 
trolyte causes an immediate reaction between 
it and the electrolyte to take place. Zinc atoms 
enter the electrolyte; these atoms readily re- 
leasing free electrons from their valance rings 
which are deposited on the zinc electrode. 
The resulting positive zinc ions go into the 
electrolyte, leaving the zinc electrode with a 
negative charge due to its surplus of free 
electrons. After a short while, a point is 
reached where no more ions can go into the 
electrolyte as they are attracted back to the 

zinc electrode by virtue of its acquired nega- 
tive charge. Thus, a state of equilibrium is 
reached, and no further chemical action takes 
place between the zinc strip and sulphuric 
acid electrolyte. 

The chemical action between the copper 
strip and electrolyte is essentially the same 
as with the zinc strip, although not intense. 
As a result, while the copper electrode does 
develop a negative charge, it is not as great 
as that developed on the zinc electrode. Since 
the copper electrode is thus "less negative" 
than the zinc electrode, a potential difference 
will be developed between the copper and 
zinc electrodes. This potential difference 
amounts to 1.1 volts. This is the open circuit 
voltage for this type of cell. 

Now, let's see what happens when we con- 
nect an electrical conductor between the zinc 
and copper electrodes as illustrated in Fig. 2. 

The surplus of electrons acquired by the zinc 
electrode flow through the conductor to the 
less negative (positive) copper electrode. As 
this occurs, more zinc dissolves into the elec- 
trolyte; additional positive zinc ions are in- 
troduced into the electrolyte, driving hydro- 
gen ions over to the less negative copper 
electrode. Each hydrogen ion reaching the 
copper electrode combines with an electron 

CROSS SECTION VIEW OF 

"EVEREADY" No. 6 DRY CELL 

POSITIVE TERMINAL 

BINDING POST 

NEGATIVE TERMINAI 

BINDING POST 

INNER SEAL 

ASPHALT 

SEAL SUPPORT 

WASHER 

PASTE COATED 

PULPBOARD 

SEPARATOR 

ZINC (AN 
OUTSIDE SURFACE 

ASPHALT COATED 

Fig. 1 
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PLASTIC COATED 

INSULATION BOARD 

XPANSION 
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FIG.2 

METAL CAP 
Specially formed with pro- 
jecting tip to insure perfect 
electrical contact between 
cells. Its flanged edge sup- 
ports an impregnated wash- 
er to insulate the cap from 
the metal cover. 

SULPHURIC ACID 
ELECTROLYTE 

EXPANSION SPACE 
For expansion of cell con- 
tents during use. 

ZINC CAN 
Negative electrode and at 
the same time the container 
for the cell. When electricity 
is generated, some of the 
zinc is consumed by the 
electrolyte chemicals. 

SEPARATOR 
Layer of electrolyte paste, 
made of wheat flour and 
cornstarch and containing 
sal ammoniac and zinc chlo- 
ride, the principal active in- 
gredients of the electrolyte. 
This layer of paste physically 
separates the mix bobbin 
from the zinc can but per- 
mits electro -chemical action 
to go on between the two. 

METAL BOTTOM 
BOTTOM INSULATOR 

Fig. 3 

reaching the copper electrode via the con- 
ductor. This reaction causes hydrogen gas to 
be developed at the copper electrode until the 
electrode becomes completely covered with 
hydrogen. This effect is known as polariza- 
tion. When polarization occurs, no copper is 
presented to the electrolyte; chemical action 
stopping, and the cell ceases to deliver cur- 
rent. In present-day cells, the problem of 
polarization is largely eliminated by the use 
of depolarizers which convert the hydrogen 
gas into water. 

The Modern Dry Cell: Earlier, we men- 
tioned that Dr. Gassner had developed the 
dry cell to the point as we now know it. 

Figure 3 is the "cut away" sketch of an 
Eveready flashlight cell which is typical of 
the hundreds of thousands of such units now 
in service. The zinc container serves as the 
cell's negative electrode, with a central car- 
bon rod forming the positive terminal. The 
cell's electrolyte consists of a paste of ammo- 
nium chloride and manganese dioxides, the 
latter serving to take up hydrogen gas de- 
veloped at the positive electrode during op- 
eration of the cell. The cell is sealed at the 
top to prevent leakage, or drying out, of the 
electrolyte. 

METAL COVER 
Closes the cell tightly at the 
top, making it safe against 
bulging and breakage. 

INSULATING WASHER 

SUB SEAL 

CARBON ELECTRODE 
Forms the center post of the 
positive element and col- 
lects the current from the 
bobbin, conducting it to the 
metal cap. It is composed of 
powdered carbon particles 
bonded together and baked 
at a very high temperature. 

BOBBIN 
The depolarizing "mix," 
this contains manganese di- 
oxide to combine with 
hydrogen as it accumulates. 
plus carbon to provide con- 
ductivity. It also contains 
some of the sal ammoniac 
and zinc chloride. 

COMPLETE CELL 
Contained in a jacket bear- 
ing a decorative label design. 
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This type of cell will generate an open cir- 
cuit voltage of just about 1.5 volts. It's inter- 
esting to note that regardless of the physical 
size of this type of cell ... whether it be a 
#6 dry cell or a tiny "pen lite" cell, the open 
circuit voltage will always be 1.5 volts. This 
is because the cell's generated voltage is de- 
termined by the chemicals used in its con- 
struction, not the quantity of chemicals. How- 
ever, the size of the cell does determine its 
electrical capacity (not capacitance) as we 
shall see a bit later on a number of specialized 
forms of the basic zinc -carbon cell have been 
developed to meet specific needs. 

For example, in an effort to obtain the 
maximum amount of productive cell in a 
given volume of space, the type of construc- 
tion illustrated in Fig. 4 has been developed. 
Notice that the cell assumes a flat, square 
shape rather than the more familiar cylindri- 
cal form. The various components of the cell 
(zinc, carbon, electrolyte, etc.) are neatly 
stacked to form a package that makes maxi- 
mum utilization of the available space. An 
assembled cell of this type is shown in Fig. 5. 

A number of these cells can be stacked to 
form a battery ... such a battery being shown 
in Fig. 6. 

Fig. 4: The new look in batteries is a very flat look. 

Fig. 6 Make a stack of flat cells, piling one upon the 

other, tote together as shown, you have a battery. 

Fig. 5: After assembly, the above cell looks like this. Fig. 7: Finisn the job off with a decorative container. 
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Secondary Cells: So far, we've been talk - 
cell is the lead -acid storage battery which lies 
The chemical action in a primary cell cannot 
be reversed, that is, once its electricity pro- 
ducing chemicals (and electrodes) are ex- 
hausted, they cannot be efficiently rejuven- 
ated by the passage of an electric current 
through the cell. 

On the other hand in a "secondary" cell, the 
chemical action can be reversed, the passage 
of current through it causing a chemical re - 

Plastic Film Wrapper 
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Contact With 

Metal Foil 

Fig. 8 

MERCUI Y CELL 

CARBON- 
ZINC CELL-\ r 

TIME 

.9 

action that restores it to its original condition. 
The most familiar example of a secondary 

cell is the lead -acid storage battery which lies 
under the hood of your automobile. 

The positive electrode of the lead -acid stor- 
age battery consists of a grid structure coated 
with porous lead peroxide (PBO,). The cell's 
negative plate is also a grid structure on 
which is deposited spongy lead (PB). 

Let's take a look at the basic electro -chemi- 
cal reaction that takes place in a lead -acid 
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storage cell ... first under conditions of dis- 

charge (cell delivering current to load). The 
sulphuric acid electrolyte is broken down into 
positive hydrogen ions and negative SO, ions. 

The spongy lead negative electrode dissolves 
slightly in the electrolyte, forming positive 
lead ions and free electrons which flow 

through the negative terminal to the external 
circuit. The negative sulphate ions combine 
with the positive lead ions to form lead sul- 
phate which is deposited on the negative 
electrode. 

The lead peroxide at the cell's positive elec- 
trode first reacts with the electrolyte to form 
positive lead ions. These ions now react with 
electrons released by the spongy lead to form 
lead sulphate which builds up on the positive 
electrode. 

The electro -chemical reaction during dis- 

charge of the lead -acid cell partially replaces 
the sulphuric acid on the electrolyte with 
water. This lowers the specific gravity of the 
electrolyte ... thus it is possible to determine 
the condition of charge of this type of cell by 
checking its electrolyte's specific gravity. 
This is done by means of hydrometer. 

To charge a lead -acid cell, current is sent 
through it in a direction opposite to its dis- 

charge current. Although the electro -chemi- 
cal processes involved in the recharging op - 

Fig. 11 

eration are quite involved, basically what 
happens is that the chemical reactions in- 

volved in the discharge of the cell are re- 

versed. The lead sulphate deposited on the 
positive electrode is converted back to lead 
peroxide, and the negative plate is restored 
to spongy lead. 

The open circuit voltage of a lead -acid stor- 
age cell is 2.0 volts. 

Specialized Cells and Batteries: The cath- 
odic envelope battery, a modified version of 

the standard carbon -zinc configuration, has 
been developed for low voltage, relatively 
high current requirements of modern semi- 

conductor circuits. Fig. 8 shows the construc- 
tion of "Eveready" cathodic envelope cell. 

Notice that this cathode is made up of two 

cakes of depolarizer mix, with the zinc anode 
sandwiched between them. This doubles the 
effective anode area and reduces the chemical 
mix's current density ... the net result being 
a much greater electro -chemical efficiency 
under conditions of heavy current drain. 

Another type of cell, which is becoming in- 

creasingly popular due to its high efficiency 
and relatively constant output voltage, is the 
mercury cell. This type of cell consists of a 

depolarizing mercuric oxide cathode, amalga- 
mated zinc anode, and an electrolyte of po- 

tassium hydroxide saturates with zincate. 
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The mercury cell offers the highest effici- ency of any primary cell, converting between 
80% and 90% of its active chemicals into elec- trical energy. 

Mercury batteries are unique in that they provide a nearly constant output voltage dur- ing almost their entire useful operating life. This is in contrast with other types of primary 
cells such as the zinc -carbon variety. This fact is shown in Fig. 9, which represents the volt- age versus life of a mercury cell (curve A) and a conventional zinc -carbon cell (curve B). 

Since the open circuit voltage of mercury 
cells remains constant approximately 1.25 volts during their life, they are often used as a "poor man's" voltage standard or reference. 

The Alkaline battery is a fairly recent pri- mary cell development which offers superior performance in application requiring high current drain over extended periods of time. Figure 10 shows the internal construction 
of an "Eveready" alkaline cell. Alkaline cells differ from conventional carbon -zinc cells in 
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that they make use of a highly alkaline elec- trolyte. A high density manganese dioxide cathode material is used in conjunction with a steel can which serves as the cathode current collector. A large area of metallic zinc serves as the anode. The cell is hermetically sealed and encased in a steel jacket. The open circuit voltage of the alkaline cell is 1.5 volts. The nickel -cadmium cell, while used exten- sively in Europe for many years, has only recently become popular here in the U. S. While these are like lead -acid storage cells in that they are "secondary" cells and may be recharged, they offer none of the disadvan- tages of the lead -acid cell such as the con- stant addition of water and the problem of leakage. 
Figure 11 illustrates an Eveready "button" nickel -cadmium cell, while Fig. 12 shows an Eveready "cylindrical" nickel -cadmium cell. In its charged condition, a nickel -cadmium's 

positive electrode is nickel hydroxide and its negative electrode is metallic cadmium. The electrolyte is potassium hydroxide. The open 
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Current flows in a circuit as water flows in a pipe .... 

Fig. 13: The voltages in both cells shown above is 

the some. In this case, it's 1 .5 volts. In the analogy, 

the valve diameter is the same for both tanks, but 

the tcnk at the left has a greater capacity due to 

its larger size. While the water pressure will be the 

same in either case as the valve opening is similar, 

the larger tank can provide water flow for a greater 

length of time. Similarly, the larger cell, while it will 

produce current for a longer period of time, will 

produce no additional voltage or pressure at the 

terminal. Voltage is pressure, current is analogous 

to capacity. 
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You can "stack" batteries for more pressure .... 
Fig. 14: Three tanks stacked up in a line as in the 
left above, will provide three times the pressure. In 
right above, the tanks are on the level, and the 
total pressure is that of one tank. However, there 
is three times as much water, so the water will flow 
for a longer time. Batteries in series provide three 

times the pressure or voltage. The current remains 
the same as for a single cell. If the batteries are 
connected in parallel, the voltage is the same as 
for one cell, but the current capacity is the same as 
for three cells. Remember that current is capacity, 
voltage pressure. 
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CELL 

FIG,. 15 

circuit voltage of a nickel -cadmium cell is 1.2 

volts. 
Voltage: As was mentioned earlier, the 

physical size of a given type of cell has no 
bearing on its output voltage. The size does, 
however determine the cell's capacity, or the 
overall quantity of electricity which it can 
deliver. This is shown in Fig. 13. Although 
both tanks provide the same pressure, the 
tank on the left holds a greater quantity of 

water than the tank on the right, and thus 
can supply water for a greater length of time. 
By the same token, the large dry cell shown 
on the right. 

Cells may be connected in series to increase 
the total available voltage . . . the voltage 
being the sum of the individual cell voltages. 
This is illustrated in Fig. 14, which shows 
three water tanks connected "in series." The 
total water pressure is the sum of the indi- 
vidual water pressure in each tank. 

The total current capacity of a group of 

cells may be increased by connecting the cells 
in parallel. In this connection, the total cur- 
rent capacity is the sum of the capacities of 

the individual cells. This is illustrated in Fig. 
14 which shows three water tanks connected 
in "parallel." The total water capacity is the 
sum of the water in the three tanks. Notice 
that the water pressure remains the same as 
one tank. This also holds true for parallel con- 
nected cells, where the electrical pressure, 
voltage, is the same as for a single cell. 

Internal Resistance: Let's take a look at 
Fig. 11. Here, we see a cell, series resistor, and 
load. The series resistor represents the in- 
ternal resistance of the cell. Assume for a mo- 
ment, that the load current increases. This 
will draw more current through the series 
resistor, and an old friend, Ohm's law tells us 
that the voltage across the load will drop 
due to the increased voltage drop across the 
series resistor. 

1 

1 

1 

1 1 

LOAD 

The series resistor shown in Fig. 11 is ac- 
tually an internal part of the cell. Thus, as the 
current drawn by a load connected to the 
cell increases, the cell's output voltage will 
drop due to the increased voltage drop across 
the cell's internal resistance. 

The internal resistance of a cell is lowest 
when it is new, increasing as the cell is used. 
This is why the output voltage of a cell drops 
after it has been in service for some time. 

Shelf Life: Cells placed in storage or which 
are idle for periods of time, gradually deteri- 
orate. This deterioration is the result of slow 
chemical changes which take place within the 
cell. This effect is known as the cell's shelf' 
life, and is the reason why many cells bear 
dates indicating that the cell should be placed 
in service before the time indicated. Certain 
types of cells, such as mercury cells, have the 
desirable characteristic of almost no deteri- 
oration when inactive over extended periods 
of time. 

Temperature: Temperatures very much in 

excess of 70° F can reduce the life of most 
types of cells due to both accelerated chemi- 
cal action within the cell and loss of moisture 
from the cell. 

Extremely low temperatures will reduce 
the current delivering capacity of most cells, 
although the cells will return to normal when 
brought back up to normal operating temper- 
ature. Cell shelf life is enhanced at low tem- 
peratures due to the fact that chemical action 
within the cell is retarded. 

Testing Cells and Batteries: Cells and bat- 
teries should always be checked for proper 
output voltage under normal load conditions. 
If they are checked under no-load conditions, 
they may deliver their rated voltage which 
will then drop when they are placed in serv- 
ice due to their increased internal impedance. 
Therefore, it is always best to check battery 
voltage connected to the entire load. 
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BASIC ELECTRICITY 

By JOHN POTTER SHIELDS 
IN ORDER to gain a clear understanding of 

basic electricity, it is first necessary that 
we take a close look at the structure of the 

atom. As you know, all matter can be broken 
down into basic chemical elements. These 
basic elements in turn can be subdivided into 
minute particles, called atoms; the smallest 
state in which chemical elements can exist 
without losing their identity. 

Early in the 19th century it was revealed 
that the atom, which up until this time, had 
been considered the fundamental particle of 
matter, could be subdivided still further into 
even smaller particles. These smaller par- 
ticles-electrons, protons and neutrons, are 
present in all atoms ... their number deter- 
mining the particular type of atom, carbon, 
hydrogen, etc. For example, the element hy- 
drogen has one electron and one proton, 

while the silicon atom has 14 electrons, 14 
protons, and 14 neutrons. 

The structure of the atom is very similar to 
our own solar system as shown in Fig. 1. The 
atom's central nucleus consists of protons 
which carry what is known as a positive 
electrical charge and neutrons which possess 
a zero electrical charge. Around this posi- 
tively charged nucleus, orbit negatively 
charged electrons. In a normal atom, the 
number of electrons in the orbits exactly 
equal the number of protons in its central 
nucleus. Thus, the negative charged orbiting 
electrons neutralize the positive protons and 
the atom has a zero net electrical charge. 

Almost the Entire Weight of any atom is 
concentrated in its nucleus, both the electri- 
cally positive proton and electrically neutral 
neutron being about 1800 times heavier than 
the orbiting electrons. Actually, "weight" is 
a rather poor term to use here as the weight 
of even the heavier protons and neutrons is 
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In case you're wondering why a section on electricity belongs 

in a book of elementary electronics, these are the basics .. . 

infinitesimal compared to objects we are 
familiar in dealing with. The approximate 
weight of one electron is . (27 zeros) 9 gram. 

A moment ago, we said that all atoms are 
composed of three basic types of particles, 
electrons, protons, and neutrons, and that the 
different elements are determined by the 
number and arrangement of these particles. 
The atomic number of an element's atom is 
equal to the number of electrons orbiting 
about its nucleus. Thus, the hydrogen atom, 
with its single electron is given the atomic 
number of one. On the other hand, the 
element fluorine has nine electrons and is 
thus given the atomic number of nine. 

An atom's atomic weight is determined by 
the number of protons and neutrons in its 
nucleus. Atomic weights are relative and are 
useful in comparing the weight of one atom 
against that of another. Since the atomic 
weight of hydrogen is one, and the atomic 
weight of carbon is 12 the carbon atom is 12 

FIG. 2: THE FIRST ELEVEN ATOMS 

Symbol Element 
At. 
No. 

At. 
Wt. 

Pro- 
tons 

Elec- 
trons 

Neu - 
trons 

H hydrogen 1 1 1 1 0 

He helium 2 4 2 2 2 

Li lithium 3 7 3 3 4 

Be beryllium 4 9 4 4 5 

B boron 5 11 5 5 6 

C carbon 6 12 6 6 6 

N nitrogen 7 14 7 7 7 

O oxygen 8 16 8 8 8 

F fluorine 9 19 9 9 10 

Ne neon 10 20 10 10 10 

Na sodium 11 - 23 11 11 12 

times heavier than the hydrogen atom. Fig. 
2 is a table of the atomic weights and num- 
bers for various common elements. 

Going back to our atom's orbiting electrons 
for a moment, these electrons are arranged 
in rings or shells around the central nucleus 
-each ring having a definite maximum ca- 
pacity of electrons which it can retain. For 
example, in the copper atom shown in Fig. 3 

the maximum number of electrons that can 
exist in the first ring (the ring nearest the 
nucleus) is two. The next ring can have a 
maximum of eight, the third ring a maximum 
of 18, the fourth ring a maximum of 32, and .'. 

the outer shell never more than eight 
electrons. 

The Ring of Electrons furthest from the 
atom's nucleus is known as the valance ring 
and the electrons orbiting in this ring are 
known as valance electrons. These valance 
electrons, being furthest from the nucleus, 
are not held as tightly in their orbits as elec- 
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FIG.3 COPPER 

trons in the inner rings and can therefore be 
fairly easily dislodged by an external force 
such as heat, light, friction, and electrical po- 
tential. The fewer electrons in the valance 
ring of an atom, the less these electrons are 
bound to the central nucleus. As an example, 
the copper atom has only one electron in its 
valance ring-consequently it can be easily 
removed by the application of only the slight- 
est amount of external energy. Ordinary 
room temperature is sufficient to dislodge 
large numbers of electrons from copper 
atoms; these electrons circulating about as 
free electrons. It is because of these large 
numbers of free electrons that copper is such 
a good electrical conductor as you shall 
shortly see. There could be no electrical or 
electronics industry as we know it today if it 
were not for the fact that electrons can fairly 
easily escape, or be stripped from the valance 
ring of certain elements. 

Electric Charges: If an electron is stripped 

LACK OF ELECTRONS 

(POSITIVE CHARGE) 

FIG.4 

SURPLUS OF 

ELECTRONS 

(NEGATIVE CHARGE) 

from an atom, the atom will assume a posi- 
tive charge because the number of positively 
charged protons in its nucleus now exceed 
the number of negatively charged orbiting 
electrons. If on the other hand, the atom 
should gain an electron, it will become nega- 
tively charged as the number of electrons 
now exceed the protons in its nucleus. The 
atom with the deficiency of electrons is known as a positive ion, while an atom with a surplus of electrons is known as a negative 
ion. 

You are probably familiar with the "elec- 
tricity" produced when you comb your hair 
with a hard rubber or plastic comb. What 
happens here is that the friction of passing 
the comb through your hair strips electrons 
from the atoms of the material from which 
the comb is made, leaving the comb nega- 
tively charged. This is the earliest form of 
electricity known to man and is known as 
"static electricity" as it simply accumulates 
on a surface rather than flowing continuous- 
ly in an electrical circuit as does electricity 
produced from a battery, generator, etc. 

So far, we've talked only about "static" 
electrical charges which accumulate either 
by a deficiency or surplus of electrons. Let's 
go a bit further and see what constitutes a 
continuous flow of electric current. 

Fig. 4 shows two oppositely charged bodies. 
The negative charge of the right hand body 
is due to there being a greater number of 
electrons than protons in this body, while the 
left hand body is positively charged due to its 
having fewer electrons than protons. When 
an electrical conductor is placed between 
these two oppositely charged bodies as 
shown in Fig. 5 the negatively charged free 
electrons will be repelled into the connecting 
wire by the negative charge of the right hand 
body. At the same time, these free electrons 
are attracted by the positive charge of the 
left hand body-free electrons moving 
through the wire from the right hand body 
to the left hand body. This movement of 

FIG5 OPPOSITELY CHARGED BODIES 

DIRECTION 
OF 
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free electrons will continue only until the 
right hand body loses its excess electrons 
and the left hand body gains enough elec- 
trons to equal its protons. Under these con- 
ditions, the charges on the left and right hand 
bodies will be equal and current flow will 
cease. 

Electric Charges Produce Current: While 
the sketches, Fig. 4 and 5 serve to illustrate 
the basic flow of an electric current by means 
of electric charges, you can see that the flow 
of current will stop as soon as the charges 
are neutralized-this taking but a fraction of 
a second. What we need is some method of 
continuously maintaining a charge or poten- 
tial difference between the two ends of the 
electrical conductor. In effect, what we are 
looking for is an "electric charge pump." 

Let's take a look at Fig. 6a. Here we see a 
water wheel and water pump connected by a 
length of pipe. Mechanical energy applied 
to the shaft of the pump causes the water to 
flow through the pipe and turn the water 
wheel due to the difference in water pressure 
at the two ends of the pump. The pump, 
water wheel, and connecting pipe form a cir- 
cuit through which the water can flow. Now, 
look at Fig. 6b. Here is a battery, lamp, and 
connecting leads between the battery and 
lamp. In this instance, the battery serves as 
the electric charge pump-free electrons con- 
tinually developed at its negative terminal 
by chemical action flowing through the con- 
necting leads and lamp back to its positive 
terminal of the battery by the attraction of 
oppositely charged bodies. The battery, con- 
necting leads, and lamp form an electrical 
circuit which must be complete before the 
free electrons can flow from the battery's 
negative terminal to its positive terminal via 
the lamp. Thus, the battery serves as a source 
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of potential difference or voltage by continu- 
ally supplying a surplus of electrons at its 
positive terminal. Summing this whole thing 
up, we can say that for all practical purposes, 
a flow of electric current consists of the 
movement of electric charges (electrons in 
most cases) between two oppositely charged 
bodies. 

Now that we have seen just what makes up 
a flow of electric current, in which direction 

(A) 
AMMETER 

BATTERY RESISTOR 

(B) AMMETER 

BATTERY RESISTOR 

BATTERY RESISTOR 

FIG. 10 

does the current flow ... from positive to 
negative or from negative to positive? Actu- 
ally, there are two schools of thought on this 

the so-called conventional direction and 
the direction of electron flow. The conven- 
tional direction is the earliest, and assumes 
that an electric current flows from positive to 
negative. The more modern theory assumes 
that current flow is the same as electron flow 
(from negative to positive) since most cur - 
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rent flow consists of the movement of free 
electrons. 

The direction of current flow through a 
conductor can be determined with the aid of 
a compass as shown in Fig. 7. When the 
fingers of the left hand are wrapped around 
the conductor in such a manner that they 
point in the same direction as the north pole 
of the compass, the left thumb points to the 
direction of current flow. 

Electrical Quantities: We cannot progress 
very far into the study of electricity without 
first becoming familiar with the basic prop- 
erties of electrical circuits. Just as we define 
distance in feet and inches, so do we define 
electrical properties in specific terms and 
units. 

Potential: Earlier, we saw that an electric 
charge difference has to exist between the 
ends of an electrical conductor in order to 
cause a flow of free electrons through the 
conductor ... this flow of electrons con- 
stituting an electric current. This electric 
charge difference, or potential difference 
exerts a, force on the flow of free electrons, 
forcing them through the conductor. This 
electric force or pressure is referred to as 
electromotive force, abbreviated EMF. The 
more common name for electromotive force 
is voltage. 

The greater the charge or potential differ- 
ence, the greater will be the movement of 
free electrons (current) through the conduc- 
tor as there will be more "push and pull" on 
the free electrons. The symbol used to desig- 
nate electrical potential is the letter E which 
stands for electromotive force. The quantity 
of EMF is measured by a unit called the 
volt. 

Current Intensity: We have learned that an 
electric current consists of a flow of charge 
carriers (most generally free electrons) be- 
tween two points of different electrical 
potential. The rate of flow of these charges 
determines the intensity or strength of this 
current flow. 

Let's take a look at Fig. 8 which shows a 
wire connected between the positive and 
negative terminals of a battery. Since the 
battery serves as a source of potential differ- 
ence, free electrons will be repelled out of 
the negative terminal, through the wire, and 
back into the positive terminal which has a 
deficiency of electrons. The number of these 
free electrons flowing in the conductor deter- 

E=IR R=Ì 

mine the current strength. This current 
strength is expressed in units known as the 
ampere ... 1 ampere of current flowing in 
the circuit when 6,240,000,000 electrons flow 
out of the battery's negative terminal, through 
the conductor, and back into the battery's 
positive terminal in one second. The symbol 
for the ampere is the letter I which stands for 
intensity. 

Resistance: The flow of electric current 
through a conductor is caused by the move- 
ment of free electrons present in the atoms 
of the conductor. A bit of thought then indi- 
cates that the greater the number of free elec- 
trons present in the atoms of a particular con- 
ductor, the greater will be its electrical 
conductivity. Gold, silver, and copper rank as 
excellent electrical conductors as their atoms 
can accept and release large numbers of free 
electrons. On the other hand, the atoms of 
such elements as sulphur have almost no free 
electrons available and they are thus very 
poor electrical conductors ... such materi- 
als are known as electrical insulators. Be- 
tween these extremes, lie elements such as 
carbon whose atoms have a moderate number 
of free electrons available and thus are rela- 
tively good electrical conductors. 

Even the best electrical conductors offer 
some opposition to the passage of free elec- 
trons ... this opposition is called resistance. 
You might consider electrical resistance simi- 
lar to mechanical friction. As in the case of 
mechanical friction, electrical resistance gen- 
erates heat. When current flows through a 
resistance, heat is generated, the greater the 
current flow the greater the heat. Also, for a 
given current flow, the greater the resistance, 
the greater the heat produced. 

Electrical resistance can be both beneficial 

T I=O.S--I> 
ELEMENTARY ELECTRONICS S9 



FIG.I3 

400 OHMS 

I = 0.34--> 

and undesirable. Toasters, electric irons, etc. 
all make use of the heat generated by current 
flowing through special wire which possesses 
a relatively large amount of electrical re- 
sistance. Resistance is also often intentionally 
added to an electrical circuit to limit the flow 
of current. This type of resistance is generally 
lumped together in a single unit known as a 
resistor. 

There are also instances where resistance is 
undesirable. Excessive resistance in the con- 
necting leads of an electrical circuit can 
cause both heating and electrical loss. The 
heating, if sufficient can cause a fire hazard, 
particularly in house wiring, and the circuit 
losses are a waste of electrical power. 

Electrical resistance is expressed by a unit 
known as the ohm, indicated by the letter R. 
which stands for resistance as you might 
guess. An electrical conductor has a resist- 
ance of one ohm when an applied EMF of one 
volt causes a current of one ampere to flow 
through it. 

There are other factors beside the composi- 
tion of the material that determine its resist- 
ance. For example, temperature has an effect 
on the resistance of a conductor. As the 
temperature of copper increases for example, 
its resistance decreases. A little thought will 
show why this is so. You remember that heat 
is one of the external forces which will strip 
electrons from the valance ring of atoms 
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comprising an electrical conductor: These 
electrons then circulate as current carrying 
free electrons. As the amount of heat is in- 
creased, the number of these free electrons 
increase, and the resistance of the conductor 
drops. This drop in resistance with an in- 
crease in temperature is known as a positive 
temperature coefficient. Not all conductors 
show this decrease in resistance with an in- 
crease in temperature ... their resistance in- 
creasing with an increase in temperature. 
Such materials are said to have a negative 
temperature coefficient. Certain metallic al- 
loys have been developed which exhibit a 
zero temperature coefficient ... their resist- 
ance does not change with changes in tem- 
perature. 

As you might suspect, the length of a con- 
ductor has an effect upon its resistance. 
Doubling the length of a conductor will 
double its resistance as the current carrying 
free electrons have twice as far to travel and 
thus twice the resistance. By the same token, 
halving the length of a conductor will cut its 
resistance in half. Just remember that the re- 
sistance of a conductor is directly proportion- 
al to its length. 

The cross-sectional area of a conductor also 
determines its resistance. As you double the 
cross-section of a conductor, you halve its 
resistance ... halving its cross-section doubles 
its resistance. Here again, the "why" of this is 
pretty easy to see ... there are more current 
carrying electrons available in a large cross- 
section conductor than in a small cross-sec- 
tion conductor of the same length. Therefore, 
the resistance of a conductor is inversely pro- 
portional to its cross-sectional area. 

Relationship-Voltage, Current, Resist- 
ance: Now that we have a basic understand- 
ing of voltage, current, and resistance. let's 
take a look at just how they interact. 

Fig. 9a shows a battery, ammeter (a device 
to indicate current strength), and resistor 
connected in series. Notice that the ammeter 
indicates that 4 amperes are flowing in the 
circuit. 

Fig. 9b shows the identical setup with the 
exception that the battery voltage has now 
been doubled. The ammeter now shows that 
twice the original current, or 8 amperes, are 
now flowing in the circuit. Therefore, we can 
see that doubling the voltage applied to the 
circuit will double the current flowing in the 
circuit. 

In Fig. 9c the same circuit appears again, 
this time however, the battery voltage is one- 
half its original value. The ammeter shows 
that one-half of the original current, or 2 
amperes, are now flowing in the circuit. This 
shows us that halving the voltage applied to 
the circuit will halve the current flowing 
through the circuit. 

All this boils down to the fact that assum- 

so 
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ing the same circuit resistance in all cases, 
the current flowing in a circuit will be direct- 
ly proportional to the applied voltage ... in- 
creasing as the voltage is increased, and de- 
creasing as the applied voltage is decreased. 

In Fig. 10a we again see the circuit consist- 
ing of the battery, ammeter, and resistance. 
Notice that the ammeter indicates that 4 am- 
peres are flowing through the circuit. 

In Fig. 10b we see that the value of re- 
sistance has been cut in half and as a result, 
the ammeter indicates that twice the original 
current, or 8 amperes, is now flowing in the 
circuit. This leads us to the correct assump- 
tion that for a given supply voltage, halving 
the circuit resistance will double the current 
flowing in the circuit. 

Fig. 10c again shows our basic circuit, but 
with the resistance now doubled from its 
original value. The ammeter indicates that 
the current in the circuit is now one-half of 
its original value. 

Summing things up ... for a given supply 
voltage, the current flowing in a circuit will 
be inversely proportional to the resistance 
present in the circuit. 

Ohm's Law: From what you have seen so 
far, you are probably getting the idea that 
you can determine the current flowing in a 
circuit if you know the voltage and resistance 
present in the circuit ... the voltage if you 
know the current and resistance, or the re- 
sistance if the voltage and current are known. 

All this is quite correct, and is formally 
stated by Ohm's Law as follows: 

I 
E= 

R 
Where: E = voltage 

I = current 
R = resistance 

Now, let's take a look at how this formula is 
used. 

ELECTRIC 
HEATER 

(200 
OHMS) 

_ 

To find voltage .. . 

E (voltage) = I (current) times R (resistance) 
To find current .. 

I (current = E (voltage) 
R (resistance) 

To find resistance... 
R (resistance) = E (voltage) 

I (current) 
A handy way to remember Ohm's Law is 

by means of the "wheel" shown in Fig. 11. 
Simply cover the quantity, voltage, current, 
or resistance, that you want to determine, 
and read the correct relationship of the re- 
maining two quantities from the wheel. For 
example, if you want to know the correct 

E 
current (I) put your finger over I and read-. 

R 
Similarly, covering E or R will yield I X R or 

E 
respectively. 

I 
Ohm's Law To Determine Voltage: Let's 

delve a bit more deeply into Ohm's law by 
applying it to a few cases where we want to 
determine the unknown voltage in an elec- 
trical circuit. 

For a beginning, take a look at Fig. 12, 

20 - 
VOLT- 

FIG.I6 
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which shows a simple series circuit consisting 
of a battery and resistor. The value of this 
resistor is given as 200 ohms, and 0.5 amperes 
of current are flowing through the circuit. 
We want to find the value of battery voltage. 
This is easily done by applying Ohm's law for 
voltage as follows: 

E=IXR 
E (unknown voltage) = 0.5 (current in am- 
peres) 
X 200 (resistance in ohms) 
E = 100 volts 

Let's go through this again, this time using 
a more "true to life" illustration. Fig. 13 
shows a string of light bulbs, the total re- 
sistance of which, is 400 ohms. You find that 
the bulbs draw 0.3 amperes when fully lit. 
Let's say you would like to operate this string 
of bulbs from the standard 120 -volt house 
current, but you don't know the voltage rat- 
ing of the individual bulbs. By using Ohm's 
law for voltage, you can easily determine the 
voltage to light the bulbs as follows: 
E (unknown voltage) = 0.3 (amperes) x 400 
(bulb resisance) = 120 volts 

Ohm's Law To Determine Current: Now, 
let's take a look at a few examples of how 
to determine the value of unknown current 
in a circuit in which both the voltage and re- 
sistance are known. 

Fig. 14 shows a series circuit with a bat- 
tery and resistor. The battery voltage is 
given as 20 volts and the value of resistance 
is 5 ohms. How much current is flowing 
through the circuit? 

I (unknown current) = 

E 
Ohm's law for current I = - 

R 
20 (battery voltage) 

I (unknown current) _ 
5 (resistance in ohms) 

I = 4 ohms 
Again to get a bit more practical, let's take 

a look at Fig. 15. Here we see an electric 
heater element connected to the 120 -volt 
house current. We know that this particular 
heater element has a resistance of 20 ohms. 
The house current line is fused with a 15 - 
ampere fuse. We want to know whether the 
heater will draw sufficient current to blow 
the fuse. Here's how to find this out by use 
of Ohm's law for current. 

120 (line voltage) 

R = 40 ohms 
Fig. 17 is a practical example of how to 

determine unknown resistance. Here, we 
want to operate a 6 -volt light bulb from the 
120 volt house current. What value of series 

20 (Heater resist- 
ance in ohms) 

I = 6 amperes 
We find from the above use of Ohm's law 

for current that the heater draws 6 amperes, 
so it can be safely used on the line fused with 
the 15 ampere fuse. 

Ohm's Law To Determine Resistance: 
Ohm's law for resistance enables us to de- 

termine the unknown value of resistance in a 
circuit. Here's how it's done. Fig. 16 again 
shows a simple series circuit with the bat- 
tery voltage given as 20 volts and the current 
flowing through the circuit as 0.5 amperes. 
The unknown resistance value in this circuit 
is found as follows. 

E 
Ohm's law for resistance R = - 

I 
20 (battery 

voltage) 
R (unknown resistance) = 

0.5 (current 
in amperes) 

40 OHMS 6 OHMS IO OHMS 5 OHMS 

FIG. 18 
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dropping resistor do we need to drop the 120 
volt house current down to 6 volts? The bulb 
draws 0.2. 

We must first determine the voltage which 
must be dropped across the series dropping 
resistor. This is done by subtracting the line 
voltage (120) from the bulb's voltage (6). 
This gives us a value of 114 volts which we 
use in conjunction with Ohm's law for re- 
sistance as follows: 

R (unknown resistance) _ 

114 (voltage 
dropped by 

resistor) 

0.2 (bulb 
current in 
amperes) 

R = 570 ohms 
Resistance In Series: Many practical elec- 

trical and electronic circuits use two or more 
resistances connected in series. The point to 
remember in this case is that the total re- 
sistance is the sum of the individual resist- 
ances. This is expressed by the simple for- 
mula: 
R (TOTAL RESISTANCE) = R. + R2 + Re 

where R, R2 R. are the individual 
resistances (the dashed line indicates any ad- 
ditional resistances). Thus, in Fig. 18 the total 
of the individual resistances is R (total) = 
40+6+10+5+ 61 Ohms. 

Resistances may also be connected in paral- 
lel in a circuit as in Fig. 19. In this case the 
current flowing in the circuit will divide be- 
tween the resistances; the greater current 
flowing through the lowest resistance. Also, 
the total resistance in the circuit will always 
be less than any of the individual resistance 
as the total current is greater than the cur- 
rent in any of the individual resistors. The 
formula for determining the combined re- 
sistance of the two resistors is: 

Rl X R2 
R (total) - 

Rl + R2 

FIG.20 

Thus, in Fig 19 the combined resistance of Rl 
and R2 is: 

2 X 4 8 
R (total) _ - or 1.33 ohms 

2 + 4 6 
It is generally not necessary to carry the deci- 
mal point beyond two places. 

In a circuit containing more than two paral- 
lel resistors as in Fig. 20 the easiest way to 
determine the total circuit resistance is as 
follows: First, determine the current flowing 
through each individual resistor by the use of 
Ohm's law: 

6 
I = - = 3 amperes 

2 
6 

I = - = 2 amperes 
3 
6 

I=-=1ampere 
6 

Next, add the individual currents flowing 
through the circuit: 

2 amperes + 3 amperes + 1 ampere = 
6 amperes 

Substituting this 6 amperes in Ohm's law, the 
total circuit resistance is found to be: 

6 
R = - = 1 ohm 

6 

6 OHMS 
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Quite often an electronic circuit will con- 
tain a combination of series and parallel re- 
sistances as in Fig. 21. To solve this type of 
problem, first determine the combined re- 
sistance of R2 and R3: 

6x12 72 
R (total) _ - -4 ohms. 

6 + 12 18 
This total value of R2 and R3 may be con- 
sidered a single resistance which is in series 
with Rl, and forms a simple series circuit as 
in Fig. 22b. This simple series circuit is 
solved as follows: 

R (total) = 6 + 4 or a total of 10 ohms. 
Power: The amount of work done by elec- 

tricity is termed the Watt and one watt is 
equal to one volt multiplied by one ampere. 

This may be expressed as: P = E x I where 
E = Voltage in volts, I = the current in am- 
peres. Also: 

E2 
P = - and P = I2R 

R 
As an example, assume that a toaster draws 
5 amperes at an applied voltage of 115 volts. 
It's wattage would then be: P = 115 x 5 or 
575 watts. 

Methods Of Obtaining A Voltage: We've 
been talking about electric charges, what 
makes up a flow of electric current, and the 
properties of an electric current. It might 
be well to take a moment to look at some of 
the more common methods of producing elec- 
tricity. 

Electric Generator: Fig. 24 shows the basic 
principle of the electric generator. When a 
coil of wire is rotated between the poles of 
a magnet, a flow of current is developed in 
the coil by the action of the coil's winding 
passing through the magnetic field. You will 
learn more about this later in the section on 
basic magnetism. 

Batteries: When two dissimilar metals are 
immersed in a chemical solution, and con- 
nected by a conductor, Fig. 25, a current will 
flow through the conductor. You will get a 
more detailed description of the "why" of this 
later in the section on batteries. 

Thermocouple: If two dissimilar conduc- 
tors are joined at each end, each end being 
maintained at a different temperature as 
shown in Fig. 26, a current will flow through 
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the conductors. The amount of current de- 
veloped depends upon both the materials 
from which the conductors are made and the 
temperature difference between the hot and 
cold junctions. 

Piezoelectricity: Certain piezoelectric crys- 
tals, such as Rochelle salt and quartz are 
capable of generating a voltage when pres- 
sure is applied. Various "man-made" ceramic 
materials such as lithium sulphate and bari- 
um telanate. Piezoelectric materials are 
widely used in "crystal" microphones and 
phonograph cartridges. 

Static Electricity: Earlier, we saw how fric- 
tion can produce a static static electric charge. 
While not capable of being applied to the 
many uses of a continuous current flow, static 
electricity has found applications in such de- 
vices as electrostatic smoke precipitators, and 
electrostatic paint spraying. Machines used 
to develop static electricity can develop ex- 
tremely high voltages. 

Photovoltaic Cells: Certain materials have 
the property of generating voltage when ex- 
posed to light. Such materials include se- 
lenium, silicon and copper oxide. Specially 
processed silicon voltaic cells are capable of 
converting sunlight into electricity at effi- 
ciencies as high as 12%. Such cells are being 
used to recharge the batteries in space 
vehicles. 

BASIC MAGNETISM 
Before we go any further with our in- 

vestigation of basic electricity, it might be 
well to become familiar with the basic prin- 
ciple of magnetism due to the very close 
relationship between electricity and magnet- 
ism. 

Some of the basic principles and effects of 
magnetism have been known for centuries. 
The Greeks are credited as the ones who 
first discovered magnetism ... they having 
noted that a certain type of rock had the 

"HOT" 
JUNCTION 

AMMETER 

FIG.24 
ability of attracting iron. Later, the Chinese 
noted that an elongated piece of this rock had 
the useful property of always pointing in a 
North -South direction when suspended by a 
string as shown in Fig. 27. This was the 
beginning of dur compass. 

This strange stone which intrigued people 
over the centuries is actually a form of iron 
ore known as magnetite. Not all magnetite 
shows magnetic properties. Another name 
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FIG. 26 

for the magnetic variety of magnetite is lode- stone ... the term lodestone being derived 
from two separate words, lode and stone. The term lode stands for guide, hence lodestone 
means "guide stone." 

All magnets, whether natural or man made, 
possess magnetic poles as illustrated in Fig. 
28, which are commonly known as the mag- 
net's north and south poles. As is the case 
of the electrical charges which we studied earlier between unlike magnetic poles and repulsion between like poles. It has been 
found that this magnetic attraction and re- pulsion force varies inversely as the square 
of the distance from the magnetic poles. 

The Magnetic Field: We all know how a magnet exerts a force of attraction on a piece 
of magnetic material such as iron or steel. 
Also, when the north poles of two magnets 
are brought close together, they will try to repel each other, while there will be attrac- 
tion between the north and south poles of two magnets. Although it is not clearly under- 
stood just what this force of magnetic attrac- tion and repulsion is, it is convenient to visualize magnetic lines of force which ex- tend outward from one magnetic pole to the other as illustrated in Fig. 29. 

One way to visualize these magnetic lines 
of force is to compare them to taut rubber 
bands which will either expand or contract 
upon the application of an external force. The 
space around the magnetic poles which is 
influenced by these magnetic lines of force is termed the magnetic field. 

What Makes A Magnet: One question that 
no doubt has cropped up in your mind is .. . Just what makes magnetic materials mag- 
netic? Although we still don't have a really 
clear picture of what magnetism is, the fol- 
lowing explanation seems to be pretty .accu- 
rate as to just what makes some metals have 
the property of being able to be magnetized. 
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The atoms which compose such magnetic 
substances as iron and steel may be con- 
sidered as tiny "magnets"; each with it's own north and south poles as illustrated in Fig. 
30. In the non -magnetized state, the tiny mag- 
nets in the material are arranged in a random 
pattern so that their external magnetic effects are canceled out as in Fig. 30a. When an ex- ternal magnetic field is applied, these minute 
magnets align themselves with the magnetic 
field so that their north and south poles are 
all facing in the same direction as in Fig 30b. 
The number of magnets aligned will depend 
upon the strength of the applied magnetic 
field. However, a point will be reached where 
a further increase in applied field strength 
will cause no further increase in alignment. 
This point is known as the material's satura- 
tion point. 

A "permanent" magnet can be demagnet- 
ized if subjected to high enough temperature. 
This is because as the temperature of the 
magnet is increased the random vibration 
of its molecules increase until a point is 
reached where the magnetic domains are 
"shaken" out of the aligned position and 
assume a random orientation. The tempera- 
ture at which this occurs is known as the 
Curie Temperature. This Curie Temperature 
varies for different magnetic materials. 

A magnet can also be demagnetized by 
shock. Striking a magnet will cause it to 
lose all or part of its magnetism as this will 
"shake" the magnetic domains out of their 
aligned position. For this reason, you should 
never subject a permanent magnet to any 
sharp blow, or place it where it can be acci- 
dentally struck by other objects. 

The force which produces this magnetic 
field is termed magnetomotive force and its 
relationship to a magnetic circuit is similar to 
electromotive force in an electrical circuit. 
Magnetic flux is the term applied to the total 
number of lines of magnetic force in a mag- 
netic circuit and finds its counterpart in cur- 
rent in an electrical circuit. The unit of flux 
is the Maxwell. 

Permeability: Magnetic lines of force can 
pass through various materials with varying 
ease. Iron and steel for example, offer little 
resistance to magnetic lines of force. It is be- 
cause of this that these materials are so read- 
ily attracted by magnets. On the other hand, 
materials such as wood, aluminum and brass 
offer great resistance to the passage of mag- 
netic lines of force, and as a consequence are 
not attracted by magnets. 

The amount of resistance a material offers 
to magnetic lines of force is known as its 
permeability. Iron and steel for example are 
said to possess high permeability as they offer 
little resistance to magnetic lines of force. 
Non-magnetic materials have low permeabil- 
ity. For practical purposes, we can say that 



permeability is to magnetic lines of force as 
resistance is to an electrical circuit. 

Electromagnetism: Any electrical conduc- 
tor through which flows an electrical cur- 
rent will generate a magnetic field about it 
which is perpendicular to its axis as shown in 
Fig. 31. The direction of this field is depend- 
ent upon the direction of current flow, and 
the magnetic field strength proportional to 
the current strength. If this current carry - 
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ing conductor is wrapped into a coil, forming 
a solenoid, magnetic field will be increased 
due to the fact that the field generated by 
each individual turn is added to the field 
generated by the other turns in the coil. If 
an iron core is inserted in this current carry- 
ing coil the generated field will be increased 
still further. This is because the lines of 
force are concentrated within the iron core 
which has considerably less reluctance than 
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FIG. 27: Ancient Chinese print of the famous "south -pointing car." if such a device existed, it could 

have been nothing more than an oversize compass. 
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the surrounding air. 
The magnetizing power of a multi -turn cur- 

rent carrying coil through which a core is in- 
serted is proportional to the current flowing 
through the coil as well as the number of 

turns in the coil. The current through the 
coil is termed ampere turns. As an example; 
if a coil consisting of 200 turns is carrying 
2 amperes, its ampere turns equal: 

Ampere turns = 200 turns x 2 amperes or 
400 ampere turns. 

On the other hand, a coil of 100 turns 
through which a current of four amperes 
flows also has 400 ampere turns. 

Ampere turns = 100 turns x 4 amperes 
or 400 ampere turns. 

Electromagnetic Induction: We saw earlier 
how a current carrying conductor will gen- 
erate a magnetic field which is perpendicular 
to the conductor's axis. Conversely, a current 
will be induced in a conductor when the 
conductor is passed through a magnetic field. 
The strength of this induced current is pro- 
portional to both thespeed at which it passes 
through the field and the strength of the 
field. One of the basic laws pertaining to 

electromagnetic induction is Lenz's Law 
which states: "The magnetic action of an in- 
duced current is of such a direction as to re- 
sist the motion by which it is produced." 

Fig. 32 illustrates two coils, A and B, which 
are placed in close proximity of each other. 
Coil A is connected in series with a switch 
and battery so that a current may be sent 
through it when the switch is dosed, and 
coil B is connected to a current indicating 
meter. When the switch is closed, current 
will flow through coil A, causing a magnetic 
field to be built up around it. Ire the brief 
instant that the field is building up to maxi- 
mum, it will "cut" the turns of coil B; induc- 
ing a current in it, as indicated by a momen- 
tary flick of the indicating meter. When the 
switch is opened; breaking the current flow 
through coil A, the field around coil A will 
collapse, and in so doing, will again induce a 

current in coil B. This time however, the 
flow of current will be in the opposite direc- 
tion. The important thing to remember is 

that the conductor must be in motion with 
respect to the magnetic field or vice versa in 
order to induce a current flow. 

Self Induction: As mentioned a short while 
ago, a magnetic field is built up around a coil 

at the application of current through the coil. 

As this field is building up, its moving lines 
of flux will cut the turns of the coil; inducing 
a counter electromotive force or counter 
EMF which opposes the current flowing into 
the coil. 

The amount of counter EMF generated de- 
pends upon the rate of change in amplitude 
of the applied current as well as the induct- 
ance of the coil. This value of inductance is 

dependent upon the number of turns in the 
coil; a coil with many turns will have greater 
inductance than a coil with few turns. Also, 

if an iron core is inserted into the coil, the 
inductance of the coil will increase sharply. 
The unit of inductance is known as the 
Henry. 

Due to this counter EMF the current 
flowing through a coil does not reach a maxi- 
mum value at the instant current is applied, 
but rather builds up slowly at first; increas- 
ing as the counter EMF decreases as illus- 
trated by the curve in Fig. 33. Also, the cur- 
rent flowing in the coil does not immediately 
drop to zero the instant current is removed 
from the coil, but instead decreases as illus- 
trated in Fig. 34. This is due to the stored 
magnetic field in the coil inducing a current 
in the turns of the coil as it collapses. The 
above effects are similar to mechanical in- 
ertia in which it takes a finite time for an 
object to get in motion after force is applied 
and also a finite time for it to stop when this 
force has been removed. 

The Transformer: One of the most impor- 
tant and widely used application of magnetic 
induction is the transformer. Transformers 
find the major application in stepping up or 
down voltage and current. 

Fig. 35 shows the basic construction of a 

typical transformer. While two separate 
winding core shown here, some transformers 
such as those used in radio and receivers, 
can have as many as five or six individual 
windings. 

A transformer consists of two or more sep- 
arate windings, electrically insulated from 
each other. One winding which is known as 
the primary winding, is fed from a source of 

alternating current. 
The alternating current flowing through 

the primary induces a current in the second- 
ary winding by virtue of magnetic induction. 
The transformer core is constructed from a 

relatively high permeability material such as 
iron which readily conducts magnetic flux 
between primary and secondary windings. 

The alternating current flowing in the pri- 
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mary of the transformer produces variation 
in the magnetic flux circulation in the trans- 
former core which tends to oppose the cur- rent flowing in the primary winding by vir- 
tue of self-induction. This counter EMF is 
just about equal to the voltage applied to the 
primary winding when no load is connected 
to the transformer's secondary winding. This 
accounts for the fact that very little current 
flows through the primary winding when no 
load is connected to the secondary. The negli- 
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gible current that does flow under this no- 
load condition is known as the transformer 
magnetizing current. As the current drawn 
from the secondary winding increases, the 
primary current will increase proportionately 
due to the reduction in the counter EMF de- 
veloped in the primary winding. 

In any transformer the ratio of the primary 
to secondary voltage is equal to the ratio of 
the number of turns in the primary and sec- 
ondary windings. This is expressed mathe- 
matically as follows: 

Ep Np 

Es Ns 

where Ep = primary supply voltage 
Es = voltage developed across 

secondary 
Np = number of primary turns 
Ns = number of secondary turns 

The above formula assumes that there are 
no losses in the transformer. Actually, all 
transformers possess some loss which must 
be taken into account. 

Transformer Losses: No transformer can 
be 100' efficient due to losses in the mag- 
netic flux coupling the primary and second- 
ary windings, and eddy current losses in the 
transformer core. 

Loss from magnetic flux leakage occurs 



when not all the flux generated by current 
flowing in the primary reaches the secondary 
winding. The proper choice of core material 
and physical core design can reduce flux 
leakage to a negligible value. 

Practical transformers have a certain 
amount of power loss which is due to power 
being absorbed in the resistance of the pri- 
mary and secondary windings. This power 
loss, known as the copper loss appears as 
heating of the primary and secondary 
windings. 

There are several forms of core loss .. . 

hysteresis and eddy current losses. Hysteresis 
losses are the result of the energy required to 
continually realign the magnetic domain of 
the core material. Eddy current loss results 
from circulating currents induced in the 
transformer core by current flowing in the 
primary winding. These eddy currents cause 
heating of the core. 

Eddy current loss can be greatly reduced 
by forming the core from a stack of indi- 
vidual sheets, known as laminations, rather 
than from a single solid piece of steel. Since 
eddy current losses are proportional to the 
square of core thickness, it is easy to see that 
the individual thin laminations will have 
much less eddy current loss as compared 
with a single thick core. 

Another factor which effects eddy current 
loss is the operating frequency for which the 
transformer is designed to operate. As the 
operating frequency is increased, the eddy 
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current losses increase. It is for this reason 
that transformers designed to operate at 
radio frequencies have air cores. 

Autotransformers: Another type of trans- 
former, which uses a single tapped winding is 

shown in Fig. 36 and is known as an auto - 
transformer. Although this type of construc- 
tion does not permit electrical isolation be- 
tween primary and secondary circuits, it is 

an inexpensive type of construction when 
compared with the conventional two winding 
transformer. 

PRIMARY 

FIG. 35 
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Capacitance: Fig. 37 illustrates a battery and switch connected to a pair of slightly separated metal plates. When the switch is closed electrons from the upper plate are attracted to the positive terminal of the bat- tery, and an equal number of electrons are repelled from the negative terminal of the battery into the lower plate. If the switch is now opened, the upper plate will have an excess of electrons while the lower plate has a deficiency of electrons. These two plates have thus become a charged electrical ca- pacitor. If a conductor is now connected be- tween the two plates, it will discharge the ca- pacitor by allowing electrons from the lower plate to flow to the upper plate. 
A capacitor thus has the property of stor- ing electrical energy much as does an induct- ance with the exception that a capacitor 
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stores the energy as an electrostatic field whereas an inductance stores electrical ener- gy in the form of an electromagnetic field. 
The quantity of electrical energy that can be stored in a capacitor depends upon the voltage applied to it as well as its capaci- tance. The capacitance of a capacitor de- pends upon the area of the two plates as well as the dielectric material between the plates. The larger the area of the two plates the greater will be the capacitance; also, as the spacing between the plates is increased, the capacitance will decrease for any given di- electric material. 

The unit of capacitance is the farad. How- ever, since this is much too large an amount 
of capacitance to be handled conveniently in practice, units of -1 millionth of a farad (mi- crofarad) and 1 millionth of a microfarad (micromicrofarad) are employed instead. Capacitors, the same as resistors, may be connected in either series or parallel in prac- tical circuits. The formula for capacitors in parallel is: 

C (total) = C1+C2+C3-- 
Note that this formula is the same as that used for determining series resistance with the exception that units of capacitance are substituted for resistance. 

In Fig. 38, three capacitors are shown con- nected in parallel. Their total capacitance is found as follows: 

C (total) _ .01mfd. + .02mfd. + .05mfd. 
or .08mfd 

When two capacitors are connected in series, the formula for determining their combined value is the same as used for de - 
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termining parallel resistance except that O 
units of capacitance are used instead. Thus: 

Cl X C2 
C (total) - Cl + C2 

Thus in Fig. 39, the total capacitance is: 

2X6_12 1.5 mfd. C (total) = 2+6 8 

If more than two capacitors are connected 
in series, the formula for determining their 
combined value is: 

1 
C (total) _ 

Cl + C2 + C3 

The dashed line indicate any additional ca- 

pacitors that may be in the circuit. 
By the use of this formula the total parallel 
capacitance in the circuit of Fig. 40 may be 

found as follows: 

1 1 
C (total) = 1 1 1 3 2 1 --+-+-- 66+6 

1 

6 = 6 = lmfd. 
s s 

It should be pointed out that the same 
units of capacitance should be used when 
solving a particular formula ... either mi- 

crofarads or micromicrofarads. 
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ALTERNATING CURRENT CIRCUITS Up to this point we have been dealing with direct current which, when once started, flows continually in one direction through the electrical circuit. 
The second basic type of current is known as alternating current which as the name implies, alternates back and forth in an elec- trical circuit. To get a good understanding of 

the basic difference between alternating and direct current, let's take a look at Fig. 41, which shows a graphic representation of a direct current. The horizontal axis of the graph represents time in seconds, while the vertical axis is sealed off in voltage units. As you can see, the line indicating voltage re- mains constant at +100 volts over the entire length of time (60 seconds) indicated on the 
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graph of time vs. voltage. 
Now, take a look at Fig. 42. Here, we see 

the same type of graphic representation of a 

direct current, although this time, -100 volts 

is indicated. Here again the value of direct 
current remains constant over the entire 
length of time indicated on the graph. (60 

seconds) 
The Sine Wave: The most common form 

of 'alternating current is the sine wave. Fig. 

43 is the graphic representation of a sine 

wave, and as you can immediately see, it 

differs from the graph of direct current, in 

that value of voltage is constantly changing 
or alternating. Let's examine the curve a bit 
more closely. Starting at point A-the volt- 

age rises to a maximum or peak value of 

+100 volts. (point B) At point B, the volt- 

age starting to fall until it again reaches 0 

volts (point C). From this point, the voltage 
becomes negative, increasing to a maximum 
negative value of -100v (point D). At this 

point, the voltage again reverses direction, 
falling to 0 volts (point E). This process con- 

tinues as long as current is flowing in the 
circuit. 

The alternating current (ac) curves shown 
in Fig. 43 is known as sinusoldal waveshape. 
Other ac waveshapes include square, saw - 

tooth, and pulse. 
Cycles, Period, and Frequency: Fig. 44 

again shows a graph of a sine wave. The por- 

tion of the sine wave between points A and 
C represents one complete cycle of the wave, 
while the portion of the wave between points 
A and B equal a half -cycle. The length of 

time it takes the wave to complete a full 
cycle is called the period of the wave. 

A common method of describing the repe- 
tition rate of the wave is in terms of frequen- 
cy ... A common measure being cycles per 
second. The frequency and period of a wave 
are directly interrelated and is expressed as 

follows: 

1 1 
frequency =period or period = 

Thus, if the period of a wave is .001 second, 
the frequency of the wave is 1 ± .001 or 1000 

cycles per second ... abbreviated cps. 

The same relationship holds true for wave - 

shapes other than sine waves as illustrated 
in Fig. 45. 

Peak, Average and Effective Values: Fig. 

46 illustrates three basic waveshapes. In each 
of these, the maximum value is known as its 
peak value. Thus the sine wave has a peak 
positive voltage value of +30 volts and a 

peak negative voltage value of -30 volts. 
The peak to peak value of the sinewave is 

30+30 or 60 volts. Thus, a certain wave with 
a peak value of 60 volts will have a peak 
value of 30 volts. 
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The average value of a waveshape is the average height of the wave for one-half of its cycle as illustrated in Fig. 47a. While the average value of complex waveshapes, such as pulses, sawtooth, etc., varies for the par- ticular waveshape, the average value of a sine wave is always 0.637 times its peak value. Thus, a 100 volt peak sine wave will have an average value of 100 x 0.637 or 63.7 volts. 
The effective or root mean square (RMS) value of a sine wave is equal to 0.707 times its peak value. Another way of stating the RMS value will produce the same heating of a resistor as an equivalent amount of direct current passed through the same resistor. Thus, a waveshape with an RMS value of 100 volts will generate the same amount of heat in a resistor as 100 volts direct current passed through the same resistance value. The effective or RMS value of sine wave voltages are almost always assumed unless otherwise stated. For example, the 120 volt house current is the RMS value ... the peak value being 120x1.414. 

The table, Fig. 48 gives the relationship be- tween peak, average, and effective values of 
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a sine wave. Note that these figures hold true only for a sine wave ... being different for other waveshapes. 
Phase: Fig. 49 is a graph of two sine waves. Sine wave A representing the voltage across a resistor and curve, B representing the cur- rent flowing through the same resistor. No- tice that both the voltage and current start at the same point at the left-hand edge of the graph, (X) and rise to their maximum value at the same time. (Y) Thus, we see that the current flowing through the resistor is always in step, or phase, with the voltage across the resistor ... both obtaining mini- mum and maximum values at the same time. Fig. 50 again shows two sine waves, sine wave A representing voltage and sine wave B representing current. Notice that in this instance, the voltage sine wave starts earlier, and reaches its peak value sooner than the current sine wave. Under these conditions, the voltage sine wave is said to lead the cur- rent sine wave. Stating this another way, we can say that the current sine wave is lagging the voltage sine wave. 

The amount of phase difference or phase angle is measured in degrees as shown in Fig. 51. The phase angle between two out of phase waves can be determined by marking their common time axes as shown in Fig. 51, and the phase angle read as the distance be- tween the tow sine waves as they cross the time axes. Thus, the two sine waves shown in Fig. 51 are out of phase by 45 degrees. Behavior of Capacitor in AC Circuit: Ear- lier, we learned that a capacitor consists of two metallic plates separated by a dielectric such as air. When a capacitor is connected to ' a source of direct current, it will become charged, one plate acquiring a surplus of electrons and the other plate a deficiency of electrons. If this charged capacitor is now short circuited by connecting a wire between its oppositely charged plates, it will discharge electrons flowing through the wire from the plate with the surplus of electrons to the plate with the deficiency of electrons. 
Now, let's see how a capacitor behaves when connected. to a source of alternating current, Fig. 52 represent the voltage im- 



pressed across the capacitor and the resulting 

capacitor charging and discharging current. 

During the first quarter cycle of voltage ap- 

plied across the capacitor, the capacitor 

draws charging current. This charging cur- 

rent is maximum at point X (curve B) as the 

capacitor is fully discharged. As the voltage 

impressed across the capacitor rises 
the oits 

peak value, point Y on curve A, capaci- 

tor's charging current decreases as it is be- 

coming fully charged as shown between 
points Y and Z in curve B. 

During the next quarter cycle, the voltage 

applied across the capacitor begins to fall, 

reaching zero at point Z on curve A. The 

charged capacitor now discharges, current 
now flowing out of the capacitor in a direc- 

tion opposite to the charging current. This 

discharge current is represented between 

points Y and Z in curve B. 

Capacitive Reactance: Since we have seen 

that a capacitor has the ability to pass alter- 

nating current, we might suspect that a ca- 

pacitor would offer some opposition to the 

flow of alternating current, much as a regu- 

lar resistor does in a direct current circuit. 

This is quite true, although the opposition of- 

fered to the flow of alternating current by a 

capacitor is different in several respects. 

First, the flow of alternating current through 
a capacitor does not dissipate power. Second, 

the amount of alternate current passed by a 

capacitor is dependent upon the frequency of 

the applied voltage . . . the capacitor pass- 

ing more current as the applied frequency is 

increased. Third, the voltage across a capaci- 

tor is out of phase with the current flowing 

through the capacitor . . the current lead- 

ing the voltage by 90°. The opposition of- 

fered to ac by a capacitor is known as re- 

actance, and is measured in ohms as in the 

case of resistance. The symbol for capacitive 

reactance is Xc. 
Behavior of Inductance in ac Circuit: In 

the section on magnetism, we saw that an 

inductance consists of a number of turns of 

wire wound into a coil. Direct current read- 

ily flows through such an inductance ,as it is 

limited only by the resistance of the wire 

which is used to wind the coil. 
Let's now take a look at what happens 

when we pass alternating current through an 

inductance. Fig. 53 A, shows the ac voltage 

applied across an inductance, while Fig. 
same 
53 B, 

shows the current flow through 

inductance. When voltage is first applied to 

the inductance, point X on curve A, current 
tries to flow through the coil, but is "bucked" 
by the magnetic field which it immediately 
generates. When the voltage across the coil 

reaches its peak value, point Y on curve A, 

the current through the coil begins to build 

up, point X on curve B, reaching a maximum 

at point Y on curve B. Thus you can see that 
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the current through the inductance lags the voltage across the inductance by 90°. While the energy stored in a capacitor is the result of electrostatic charges, the energy stored in an inductance is the result of mag- netic energy. 
Inductive Reactance: Inductance like capacitance offers opposition to the flow of current. In the case of inductance, this is known as inductive reactance. As in the case of a capacitor, no heat is generated by the passage of current through an inductor. As in the case of capacitor reactance, inductive reactance is measured in ohms. The symbol for inductive reactance is XL. 

We stated that a capacitor will pass more alternating current as the frequency of the current is increased. Just the opposite is true in the case of an inductance which will pass direct current with essentially no loss but offer considerable resistance to the passage of high frequency currents. Thus we can say that capacitive reactance decreases with an increase in frequency, while inductive reactance increases with an increase in frequency. 
Determine Reactance: The formula for determining capacitive reactance is: 

1 
X0 = - where .. . 

2,rfc 
Xe = capacitive reactance in above f = frequency of applied voltage in cycles per second. 
C = capacitance in farads. 

When the capacitive reactance is known, the value of the unknown capacitor can be determined by transposing the above for- mula to read: 



1 

MX. 

The inductive reactance formula looks like 

this... 

C= 

XL = 2afL where .. . 

XL = inductive reactance in ohms 
f = applied frequency in cycles per 

second 
L = inductance in henrys. 

This formula may be transposed to deter- 

mine an unknown value of inductance as 

follows: 

L= 
X. 

27rfL 

Impedance: Let's take a look at Fig. 54 

Here, we see an alternating current circuit 

composed of an inductance, capacitor, and 

resistor. The sum total of the inductive re - 

FIG. 53 

actance of the inductance, capacitive react- 

ance of the capacitor and the pure resistance 

of the resistor is known as 
Zpedance 

which 

is expressed by the symbol 
Impedance is expressed in ohms and the 

following modified form of Ohm's law can be 

used to determine impedance. 

E E 
E = I Z, I = ZZ= - 

Thus, the total circuit impedance of the 

alternating current circuit shown is 2000 

ohms (1500 + 100 + 400 = 2000) 

Pulsating Current: A third type of current 

that is neither purely direct or alternating 
current is known as pulsating current. Fig. 

55 shows such a pulsating current. Notice 

that although the wave fluctuates from +50 

to +70 volts, it always remains positive in 

value. This is in contrast to alternating cur- 

rent which fluctuates between positive and 

negative values. 
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DOC'S 
LITTLE 
BOTTLE 

Everything begins with a beginning, 
and the radio tube was no exception 

as this piece of history will prove 
By C. F. Rockey 

. 
RECOGNIZE THIS'? It's an 
early DeForest Audion. It 
had three elements, and 
is therefore a triode. 

KID BROTHER to the DeForest 
Audion is this Fleming Valve. 
This two -element tube was an 
early diode ... (Not solid state!) 

JUST why was the vacuum tube invented? What needs or requirements inspired this device which has changed man's life al- most as much as did gunpowder or the print- ing press? Was it the result of a lucky acci- dent, or the end -product of hours of agony? Let us see. 
Consider the state of the communications art at the turn of the century. Wire telegra- phy was very much of a going business and was the nerve -system of the many railroads. Coast -to -coast telegraphy was a routine mat- ter. What about telephony? In purely local service, the telephone was most effective. Talking beyond 50 miles was difficult how- ever, and beyond five hundred, practically impossible. Clearly, something was needed to improve this situation before the telephone 
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could grow up to what we know today. Then There Was Wireless. True, Gugliel- mo Marconi had shown that transoceanic transmission was possible and each day more ships were being equipped with the spark - coils and coherers then used. Again, the range was limited. Only the extremely powerful coastal stations could be heard much beyond a thousand miles. Only telegraphy was prac- tical; to talk via wireless was the dream of a few crazy experimenters. Television wasn't even considered. 
Behind all of these roadblocks was a com- mon question. How can a weak ac signal volt- age be made stronger without completely changing its characteristics? 
A telephone signal is an ac voltage of wide- ly -varying frequency and amplitude. As it 



travels down the line it gets rapidly weaker, 
due to the resistance of the line wires and the 
leakage of current between them. Even on a 
modern cable the signal power available at 
the end of a 50 -mile line may be less than a 
thousandth of its original strength. 

The wireless receiving problem is even 
tougher, for here we must deal with minute, 
1/1,000,000 volt signals in all but the shortest - 
range communication. 

The Wire -Telegraph people had this prob- 
lem neatly solved. Samuel F. B. Morse had 
found quite early that a telegraph signal too 
weak to operate the "sounders" then in use 
could still energize an electromagnet contain- 
ing many hundreds of turns of wire. This 
magnet could close a delicate pair of contacts 
in series with a strong battery at the end of 
a long line. Thus the telegraph relay was 
born. By placing these relays strategically 
along the line, long-distance telegraphy be- 
comes easy. 

But a telegraph signal is the simple inter- 
ruption of a steady current. You either have 
a dot, a dash, or nothing. Not so with a tele- 
phone signal. Here you have a continuously - 
varying current, not just an "off -on" one. So 
a telegraph relay won't work here. What to 
do? Of course there's always the possibility. 
of fastening a sensitive telephone receiver 
directly to a transmitter, allowing the re- 
ceiver to "talk into" a new, freshly -powered 
circuit. This should make a telephone relay 
or "repeater." Such gadgets were, in fact, 
made and sold under the name of "Multi- 
audi-phones" many years ago. But they're 
noisy, touchy in adjustment and distort the 
signal badly. Such a thing was hardly a com- 
mercial success. 

FAMOUS FIRST is this Type 27, believed to be the 
earliest of the indirectly heated cathode types 
(left) and Type 71, a directly -heated cathode 
type circa 1926. Note the addition of the base. 

Dr. Lee DeForest, freshly graduated from 
Yale University, was interested in wireless 
reception. He was searching for a more - 
sensitive and reliable "detector" for wireless 
signals than the slow and delicate coherers 
then in use. He tried all kinds of gimmicks; 
he dipped silver and platinum electrodes into 
pastes made of various chemicals, and stuck 
wires into gas flames. But all that these things 
did was to make the weak signals audible in 
a pair of headphones, it didn't make them any 
louder or stronger. The same was true of an 

FAMILY PORTRAIT. Here is a sum total of 25 years of tube development. At the far left is a BH Rectifier tube, then 

an octal -base tube followed by a miniature, two sub -miniatures and a germanium diode. At far right is transistor. 
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interesting device called a "Fleming Valve," 
invented by an Englishman at about this time. 

The Fleming Valve consisted of a wire fila- 
ment, just like the filament in an ordinary in- 
candescent lamp, sealed into a more -or -less 
gas -free glass bulb. Also within the bulb was 
a small sheet of platinum, about 1 -in. square, 
fastened about an eighth of an inch from the 
filament. When the filament was brought to 
yellow heat, by means of a battery, and the 
filament and platinum sheet (henceforward 
called the "plate") connected to a wireless 
tuning coil and headphones, the signals be- 
came clearly audible, but they were still 
weak. 

Then came one of those strokes of genius 
which occur so seldom, but when they do, re- 
sult in a real breakthrough. Dr. DeForest 
went to a small lamp -factory in lower New 
York and had them make for him a modified 
Fleming valve. Sure, his gadget had the fila- 
ment and plate as before, but between these 
was a little zigzag of platinum wire, which 
he called the grid. This is what put the kick 
into the electron bottle. 

Doc DeForest Heated the filament of his 
new litle gewgaw and connected a battery 
and headphones between filament and plate, 
being careful to make the plate positive with 
respect to the filament. Lo and behold, the 
signals not only came through but were four 
or five times stronger than anything heard 
before! Not only did this thing `detect' the 
signals, it also amplified them. 

It seems that when the plate of this gadget 
is made positive with respect to the filament, 
the millions of electrons which are boiled out 
of the hot filament are attracted tó the plate, 
resulting in a flow of current from filament 
to plate. These electrons have to pass be- 
tween the wires of the grid. When a varying 
voltage is connected between the grid and the 
filament, the field about the grid may either 
add -to or subtract from the attractive field of 
the plate. Thus, as the grid voltage varies, it 
superimposes its pattern of variations upon 
the filament -plate current. A surprisingly 
small variation of grid voltage may cause 
thereby a large variation in filament -plate 
electron current. Thus, amplification is ob- 
tained. A further more -detailed discussion of 
this process may be found elsewhere within 
this book, but this is the approximate idea. 

Not only did the three -element vacuum 
tube, or "Audion" as Dr. DeForest called it, 
revolutionize wireless, but it also solved the 
long-distance telephony problem. It proved 
to be the ideal telephone relay. Weak voice 
voltages, fed into the grid circuit became 
much stronger voice currents within the plate 
circuit. Thus the losses in the line are over- 
come and good communication is a reality. 
Just prior to World War I coast -to -coast tele- 
phony became practical, and it was the De - 

HERE'S THE GUTS of a Raytheon CK-722 transistor, 
a great tlechnologicaI advance since the old tubes. 

BASE 

COLLECTOR EMITTER 
REGION 

ACTUAL PHOTOMICROGRAPH of a typical fusion - 
alloy trarsistor. Note a dendritic assembly is used. 

INTERIOR V'iEW OF A TRI NSISTOR 
SUCH AS .e.ED TODAY 

PROTECT ING 
CASE 

(RAYT,ÉN COMPANY) 

INSIDE A RAYTHEON transistor, we see the contact 
terminals and the supports for the fusion -alloy base. 
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Forest Audion, that first amplifying vacuum 
tube, in modified form that made it possible. 

Before the Audion, speech by wireless 
was possible but it required the use of an 
electric arc, something like in a motion - 
picture projector, to generate the high -fre- 
quency signal. This sounds simple, but arcs 
have a habit of being unstable, noisy, and 
generally most impolite when used as practi- 
cal radio signal sources. As a result most folks 
thought that voice transmission by wire- 
less was a pipe dream. During his experi- 
ments with the Audion, Dr. DeForest dis- 
covered that if you take some of the signal 
energy from the plate circuit and lead it gent- 
ly around to the grid circuit, the system will 
act like a generator of high -frequency cur- 
rents. Furthermore this method is clean, 
noiseless and altogether much more satisfac- 
tory than anybody's huffy old arc. And, hav- 
ing such a nice high -frequency generator, all 

you had to do was to connect a carbon tele- 
phone transmitter in series with the antenna 
and you could transmit radio -telephone sig- 
nals nicely. After designing a special higher - 
powered tube for this purpose in the early 
nineteen hundreds, the good Doctor tried it 
out. Response from the listening audience, 
then exclusively radio amateurs, experiment- 
ers and shipboard operators, was instant and 
drastic. Imagine the consternation in a lis- 
tener's mind when those old headphones, 
which previously had produced only the 
raspy dit-dahs of spark telegraphy, suddenly 
spouted speech and music! 

Not All Were Enthusiastic. The writer re- 
members reading in a wireless textbook, writ- 
ten about 1910, words to the following effect: 
"Although the Audion is an interesting and 
sensitive device, it is probably too delicate 
and difficult in adjustment ever to become 
truly practical." Today we have a multibillion 

MINIATURE TUBE PRODUCTION is carried on in almost sterile conditions. Tubes are assembled from the inside - 
out, using small tack -welders. After assemble of parts, all metal parts are heat -cleaned, then assembled in glass. 
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dollar industry, largely based upon this, "im- 
practical" device. 

World War I gave the vacuum tube the 
"economic vitamins" it needed to grow to real 
greatness. Men like Irving Langmuir, H. J. 
Van der Bijl and countless others transformed 
it from a delicate, temperamental gadget into 
a reliable device that could be mass-produced 
for military and civilian needs. The rise of 
radio broadcasting, during the early twenties 
brought it into the public eye. Thousands of 
people suddenly became concerned with the 
behavior of the filament, plate and grid as 
they built "neutrodynes" and "reflex circuits" 
and listened to jazz through -tin-horn loud- 
speakers. The vacuum tube also gave voice 
to the formerly silent movies, and revitalized 
the phonograph. 

The Nineteen -Thirties saw the develop- 
ment of the modern, multigrid types; tetrodes 
and pentodes, as well as the "metal tube." 

ZONE REFINING furnace is what this device is 

called. It's used for purifying Germanium in pro- 
ducing transistors. Selected blanks are heat -treated. 

TRANSISTOR PRODUCTION is carried out in "dry 
boxes" to exclude dust and moisture. Operators 
work through gloves. Insides must be clean. 

Here the familiar glass bulb was replaced by 
a thin steel shell for better electrical shielding 
and mechanical durability. One story which 
arose at this time was told of a canny Scot 
who bought a metal tube to replace in his 
radio. The next day he returned it to the 
dealer with the comment: "It's nae guid, lad; 
a mon dinna' can read by its licht." The 
thirties also introduced the vacuum tube to 
industry as a sensitive and reliable control 
device in automatic manufacturing processes. 
All -electronic television as we know it today 
was developed then. It is safe to say that 
television would have been impossible with- 
out Doc DeForest's little bottle. And from 
television grew those radar techniques which 
helped win World War II. 

Today the vacuum tube is being strongly 
challenged by the transistor. But it will be a 
long time before we drain the last slug from 
this most marvelous jug. 

ASSEMBLING SUBMINIATURE tubes is done under 
microscopes. Each operator is equipped with micro- 
scope and miniature welder. Note rubber fingers. 
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The Vacuum Tube 
We tend to take radio tubes for granted these days ... Here's 
a complete rundown from the inside -out, how they work and why 

THE vacuum tube is an inexpensive and 
practical device for controlling currents 
and voltages within an electrical circuit. 

Because it is non -mechanical it is capable of 
extremely fast and delicate action. It responds 
to millionths of a volt variations which may 
occur hundred of millions of times per second. 
Because of this sensitivity and rapidity of re- 
sponse, it is widely used in communications, 
science and industry. The vacuum tube oper- 
ates by controlling electrons in free flight 
through empty space. 

All Substances Contain Electrons. They are 
a part of every atom of every substance 
known. No one has the slightest idea what an 
electron looks like. All we know is that there 
are such things, that they have weight, and 
carry a definite negative charge. Beyond that, 
all is mind -spinning. In the study of vacuum 
tubes we will find it convenient to think of 
electrons as extremely small spheres, all ex- 
actly alike and each carrying with it an all- 
important charge. But this is how we will 
imagine them, remember, not how they are. 

What is this thing called charge? Simply 
the ability to exert a force (over and above 
gravity) across space. There are two kinds, 
arbitrarily called positive (or plus) and 
negative (or minus). The negative charge is 
associated with :;he electrons, the positive with 
the rest of the atom. In normal matter there's 
an equal quantity of both kinds present. These 
exactly cancel each other. As a result normal 
matter possesses no net charge, or as we say, 
is electrically neutral. 

An object acquires a positive charge by los- 
ing electrons, a negative charge by gaining 
extra ones from some other object. Objects 
possessing net charges of the same kind (or 
`sign') will repel one another, try to get as 
far apart as possible, like two girls wearing 
the same kind of gown at a dance. On the 
other hand, objects with the same kind of 
charge will attract each other. This observable 
fact, called the law of signs is most important 
in our interpretation of electronic theory. 

Metals, being electrical conductors, have 
their electrons relatively loose within them; 
that is, these may move about within the con- 
fines of the metallic system with little hin- 
drance. This contrasts with the insulators, 
mostly nonmetallic substances, in which the 
electrons are normally tightly bound. We 
often imagine a metal as consisting of an 
orderly array of atomic nuclei, held in a rigid, 

three-dimensional crystal pattern. On the 
other hand, the electrons (or at least a size- 
able percentage of them) are imagined as 
buzzing about among the nuclei in an appar- 
ently random manner; like a swarm of mos- 
quitoes among the forest trees on a warm 
July evening. 

When a sample of metal is heated, the ar- 
ray of atomic nuclei are set into vibration. 
This vibration energy is transferred to the 
surrounding electrons because of the attrac- 
tive forces involved. When the temperature 
of the metal becomes high enough; that is, 
when the nuclear -electronic vibration be- 
comes rapid enough, electrons are actually 
expelled-kicked right out of the metal and 
into the space beyond. This process is called 
thermal emission, and is central to the opera- 
tion of most vacuum tubes. 

All of the Vacuum Tubes that we will dis- 
cuss here are equipped with an internal con- 
ductor which may be heated, and which will 
then boil off, or emit large numbers of free 
electrons into the vacuum above it. This is 
called the cathode, and may be constructed 
in one of two general ways. The directly - 
heated cathode consists of a simple V or W 
shaped strip of nickel alloy, coated with the 
oxides of the chemically -enthusiastic metals, 
barium and strontium. A current is passed 
directly through the alloy strip, heating it in 
the same way that an ordinary lamp filament 
is heated. The second type, the indirectly - 
heated cathode, consists of a suitably -sized 
cylinder of nickel alloy, with the barium and 
strontium oxides coated upon the outside sur- 
face. Within this nickel alloy cylinder and 
normally insulated from it, is its own private 
little 'footwarmer' called the heater. A cur- 
rent is passed through the heater, thus heat- 
ing the cathode cylinder to a ruddy glow. This 
indirectly heated arrangement is used because 
it is convenient to have the heater and cathode 
circuits separated from each other. This gives 
much more flexibility to the apparatus de- 
signer, and reduces hum and noise transfer 
between them. Then too, all parts of the in- 
directly heated cathode cylinder will have 
the same voltage-difference with respect to 
any other electrode within the tube. This can- 
not be so with the directly -heated cathode, 
since the heating current itself creates a volt- 
age drop across it. This resulting voltage - 
difference may change the operating char- 
acteristics of the tube in certain sensitive 
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How Does It Work? BY C. F. ROCKEY 
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cases. Usually the cathode is heated by a 
suitable current; often from a specially -pro- 
vided winding on the main power supply 
transformer. 

All of the Working Parts of a vacuum 
tube are enclosed within a suitable glass or 
metal vessel from which all gases are removed 
as completely as possible. A vacuum then is 
"a lot of nuthin'." But a very important 
"nuthin' " it is. The slightest amount of gas 
has a bad effect upon the tube's characteristics 
and may prevent its operation entirely. It is 
impossible to keep a tube gas -free, if the air 
is merely pumped -out and it is sealed off. The 
very operation of the cathode itself, for in- 
stance, releases gases which must be con- 
stantly removed as the tube operates. To ac- 
complish this, a getter is used in modern tubes. 
While the tube is connected to the vacuum 
pump, a small piece of a chemically -active 
metal, such as magnesium or barium, is vapor- 
ized within it, so that the metal condenses in 
a thin film within the bulb. You may see this 

clearly by examining any modern glass tube. 
Then after the tube is sealed off any gas mole- 
cules released during its normal operation 
are attracted to and `stuck -onto' the surface of 
this metallic film. Thus the tube is normally 
kept nearly gas -free. Sometimes the getter 
film gets completely coated and the tube be- 
comes gassy, or "goes -soft," as they say in the 
trade. It then must be replaced. 

The Simplest Type of vacuum tube now in 
use contains only two active parts or elements: 
a cathode and a plate. (The heater is con- 
sidered a part of the cathode, not a separate 
element.) Such a tube is called a diode, or 
two -element tube. 

Most diode tubes are built with the cathode 
in the center surrounded by the plate, which 
is generally either round or elliptical in sec- 
tional shape. The cathode is brought to a red 
heat, whereupon it boils off a large number 
of electrons. These swarm about the cathode's 
surface and is called the space charge. The 
space charge cloud remains constant unless a 
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large number are drawn away to a nearby 
electrode. 

In normal operation the plate of every 
vacuum tube tends to remain relatively cool, 
so that it emits no electrons itself. Such plate 
emission would spoil the operation of the tube. 

Let us connect a diode tube to a source of 
variable voltage, providing a voltmeter and 
ammeter to measure the electrical conditions 
within the cathode -plate circuit. We then ob- 
serve that, so long as the plate is negative with 
respect to the cathode, the electron current 
flowing between these is negligible. This is be- 
cause the negative plate does not attract the 
negative electrons (like charges repel). As 
soon as the plate becomes appreciably positive 
(with respect to the cathode) a current im- 
mediately commences to flow. The electrons, 
being negative, are attracted by the positive 
plate. This is perhaps the most important 
property of the diode -tube, that is, it acts as 
an electrical check -valve. AN ELECTRON CUR- 
RENT READILY FLOWS FROM CATHODE TO PLATE, 
BUT NOT IN THE OPPOSITE DIRECTION. This prop- 
erty is also clear from the graph, which shows 
the general relationship between the plate - 
cathode voltage and the resulting interelec- 
trode current. This graph, often called a 
characteristic curve, is of the utmost interest 
to those working with and planning new cir- 
cuitry. 

Diode tubes are principally used as recti- 
fiers, that is, devices which permit electrical 
current to flow in but one direction. Such an 
arrangement converts an ac current into a 
series of unidirectional pulses. When passed 
through a network of inductors and ca- 
pacitors called a filter, the energy in such a 
string of pulses may be recovered as nearly - 
unvarying direct current. Such an arrange- 
ment is most often used as a power source 
for amplifiers, radio receivers, and other 
electronic apparatus. 

Aside from its simple `one-way' action, the 
diode tube is of limited usefulness in modern 
electronics. But it is possible to add another 
element, the grid, and vastly increase its 
flexibility. It was the addition of the grid that 
probably began the era of modern electronics. 
This grid is usually a spiral of wire which is 
inserted between the cathode and the plate. 

With the Addition of the Grid we now have 
the three -element tube, or triode, the first real 
electronic control device. 

To understand the triode, one must remem- 
ber that it is the net force upon electrons at 
the cathode which determines their behavior 
within the tube. Unless this force is greater 
than zero, electrons will never leave the space - 
charge. The net force upon these electrons 
arises from two sources, the attractive force 
of the positive plate and the repulsive force 
of the (usually) negative grid. Because the 
grid is closer to the cathode than the plate, its 
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MINIATURE PENTODES offer a complete parts picture in 
the tube set-up. While more parts are used for dual-pur- 
pose, less are used for simpler tubes. Whole story is here. 

field exerts greater force upon the electrons at 
the cathode than does the more distant plate. 
For instance, in one common triode, a nega- 
tive voltage of 10 volts upon the grid will can- 
cel the effect of 100 positive volts upon the 
plate, as far as electron attraction is con- 
cerned. How do we know that this cancella- 
tion has occurred? When the attractive force 
upon the electrons becomes zero, they have 
no tendency to leave the cathode. Then no 
current flows in the cathode -plate circuit. 

Let us connect a triode tube in an experi- 
mental circuit. When the potentiometer arm 
is in the uppermost position, the grid is at its 
greatest negative potential (always with re- 
spect to the cathode, of course). When the grid 
is so strongly negative, its repulsive effect 
upon the negative electrons completely over- 
comes the attractive effect of the positive 
plate. No electrons leave the cathode; thus 
the cathode -plate current (henceforth called 
merely the plate current) will remain at zero, 
as indicated by the ammeter. This condition is 
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STUDY PENTODE PARTS again, and then see how many of the above pictured pieces you can identify by com- 
paring. Tubes are different types, but both are pentodes. Don't let yourself be confused by separators! 

called plate current cutoff in the trade. Now, 
as the potentiometer arm is gradually moved 
downward, making the grid less negative, a 
point is reached where plate current just bare- 
ly begins to flow. The negative grid voltage 
which just exactly holds back the flow of elec- 
trons to the plate is one of the operating 
limits of the triode. It is called the cutoff - 
voltage, and depends both upon the construc- 
tion of the tube and upon the positive plate 
voltage applied. 

As the Grid Becomes Less Negative, its 
repulsive effect becomes less, and more and 
more electrons are attracted to the plate. The 
plate current therefore increases as the po- 
tentiometer arm is moved downward (as the 
grid is made less negative). 

These ideas are most clearly illustrated in 
the graph. This graph indicates the relation- 
ship between the voltage in the grid circuit 
and the current in the plate circuit and is 
called a grid-voltage/plate current, or mutual 
characteristic curve. This curve is vital to our 
understanding of triode applications. 

It will be observed that, as far as the plate 
circuit is concerned, nothing unusual happens 
when the grid voltage becomes zero, except 
that the plate current reaches a relatively high 
value. If we reverse the battery connections, 
so as to make the grid positive, with respect 
to the cathode, the plate current will increase 
with increasing grid voltage. This trend will 
continue until the electrons are drawn -away 
from the space -charge just as fast as they are 

emitted; the emission capacity of the cathode 
has been reached. No matter how much more 
positive the grid is made, the plate current 
cannot then increase. We have "sucked the 
well dry," so to speak. We refer to this maxi- 
mum plate current- value as the saturation 
current, in the trade. We never operate a tube 
at saturation current for long; such operation 
would strip the barium -strontium oxides from 
the cathode, and ruin it in short order. 

Meanwhile, as the potentiometer arm is 
moved, what happens within the grid circuit? 
We find that, as long as the grid of most tri- 
odes is kept negative, the current flowing 
from it is negligible. A negative grid, for most 
practical purposes, acts as an open circuit. As 
soon as it becomes the slightest bit positive, 
the grid starts to behave as a diode plate, and 
attracts the negative electrons. For this rea- 
son we usually operate the triode tube with 
the grid negative, since it then draws no cur- 
rent from the circuit to which it is connected. 

Let us consider that portion of the grid 
voltage/plate current curve between points A 
and B. Within this range, the plate current 
varies nearly in direct proportion to the grid 
voltage. This particular voltage/current range, 
known as the linear portion (linear meaning 
straight line), represents perhaps the most 
important operating conditions for the triode 
tube, generally speaking. For, if the tube did 
not have such properties, high -quality ampli- 
fication of music, speech and video (picture) 
signals would not be possible. 
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1 C: 

HOW'S THIS FOR PROGRESS? Early vacuum tubes were big and bulky. Filaments were so bright you could read 
by their light, and they weren't very efficient either. They were assembled one at a time, cost was outrageous. 

We have observed that, even though we 
hold the plate voltage constant, we may con- 
trol the plate current by varying the grid 
voltage. Thus the grid voltage actually varies 
the internal resistance of the tube between 
the cathode and plate. The triode vacuum tube 
is in principle then, a voltage -operated vari- 
able resistor. Whereas the resistance of the 
ordinary variable resistor is adjusted by turn- 
ing a knob, the resistance of the vacuum tube 
is controlled by making its grid more or less 
negative with respect to the cathode. Unlike 
the ordinary variable resistor, however, the 
only moving parts within the vacuum tube 
are the electrons, and these are extremely 
light. Thus a vacuum tube can control the 
current in an electrical circuit thousands of 
times more rapidly than any mechanical de- 
vice, but it is still just a variable resistor. The 
same electrical laws continue to apply whether 
or not a vacuum tube is used in a circuit. 
There is no witchcraft in electronics. 

Although we did not include such in our 
test circuit, it is customary to operate the 
vacuum tube with some kind of a load in its 
plate circuit. This load may be a resistor, 
transformer, inductor, loudspeaker, antenna 
coupling system (in the case of a radio trans- 
mitter) or any other device across which an 
electrical voltage may be developed. In this 
discussion, we will assume that the load is a 
simple resistor, unless otherwise stated. Simi- 
lar operating principles will apply for other 

types of load, however. 
The purpose of the load is to permit the 

plate voltage to change when the grid voltage 
changes, for it is the change in voltage from 
plate to cathode which is the useful output 
voltage of the tube. 

Let us examine the diagram of the triode 
tube with a load in the plate circuit. When the 
grid is made more negative (voltmeter in grid 
circuit reads higher value) the attractive 
force of the plate is partially cancelled. Thus 
the plate current, as indicated by the am- 
meter, decreases. Since the load voltage, E,, is 
the product of the load resistance times the 
plate curent Ib, the load voltage must decrease. 
This means that the voltage from plate to 
cathode of the tube Eb, must increase. The 
load voltage plus the plate to cathode voltage 
of the tube must always add up to the plate 
supply voltage value. This is in accord with 
Kirchof}'s voltage law, which tells us that the 
sum of all voltage -drops around any circuit 
must equal the supply voltage. When the grid 
voltage becomes less -negative (voltmeter in 
grid circuit decreases its reading) the plate 
current increases. This increases the voltage 
drop across the load, thus leaving less voltage 
across the tube. Thus the grid -cathode and the 
plate -cathode voltage always vary in opposite 
directions; when the grid becomes more nega- 
tive the plate becomes more positive, and 
vice-versa. 

Of course, we must remember that in prac- 
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tical operation the plate is always positive 
with respect to the cathode in an absolute 
sense. But the plate voltage often does change 
in a negative direction (One must be careful 
never to confuse a voltage value with a change 
in a voltage value). 

In addition to such mundane things as 
heater voltage rating and the ability of the 
tube to handle power, each triode tube has 
three important characteristics, by which we 

may judge its effectiveness. These are: 
a. The voltage amplification factor, or 

mu. This expresses the ratio between 
the change in plate voltage necessary to 
cause a definite small change in plate 
current, and the change in grid voltage 
necessary to cause the same small cur- 
rent change. 

b. The mutual conductance, or transcon- 
ductance. This quantity describes the 
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change in plate current which results 
when the grid voltage is changed by 
one volt. The plate voltage is held con- 
stant during this change. 

c. The dynamic or ac plate resistance. This 
expresses the plate voltage change 
necessary to increase the plate current 
a given amount while the grid voltage 
remains constant. It also represents the 
internal resistance of the tube, as seen 
by the signal current. 

These quantities may be found in the tube 
manufacturer's literature, or may be meas- 
ured with apparatus such as we have de- 
scribed. 

It is a mark of merit for a tube if the first 
two quantities, amplification factor and mu- 
tual conductance, are as high as practicable. 
These tell us how effective the grid is in con- 
trolling the plate current of the tube. On the 
other hand a low dynamic plate resistance is 
preferred, since the tube is then more con- 
veniently coupled to a practically -sized load 
resistance. 

Until now we have been speaking of what 
might be called the dc properties of the tri- 
ode; the relationships between relatively 
steady voltages and currents within the cir- 
cuit. But these are not of the greatest interest 
to us; they are merely necessary evils. Rather 
we are much more interested in the signal 
handling properties of the tube. 

What Is a Signal? This is the information - 
carrying electrical quantity, be it voltage, 
current or power. We will consider the signal 
to originate in a sine -wave ac voltage gener- 
ator. This generator may be a microphone, 
antenna, industrial sensing -device or anything 
which generates an ac voltage. It is the ability 
to handle information that makes the vacuum 
tube so useful. We consider a sine -wave ac 
signal because it is the simplest from the cir- 
cuit -analysis standpoint. 

In order that the tube may respond proper- 
ly to the variations in the signal voltage, it is 
necessary that the dc voltages between plate 
and cathode and grid and cathode be pre - 
adjusted to the correct values beforehand. The 
dc voltage between plate and cathode, de- 
termined by the plate voltage supply source 

ELEMENTARY ELECTRONICS 

BUT NOT 
IN THIS 
DIRECTION 

SWINGING GATE 

CHECK -VALVE IN WATER LINE 

and the load resistance in series with the plate 
circuit, is called the resting, or no -signal plate 
voltage. The plate is, of course, always positive 
with respect to the cathode. The dc voltage 
between grid and cathode (the grid is almost 
always negative with respect to the cathode) 
is called the grid bias. With a given value of 
plate supply voltage, it is the grid bias which 
is most effective in setting the operating con- 
ditions for the tube. In our diagrams here, 
we will represent the plate supply and grid 
bias voltage as being supplied from batteries, 
for simplicity (actually, these are most often 
obtained from a rectifier -filter power supply 
receiving energy from the commercial ac 
power mains). 

Just where we set the operating point for 
our tube depends upon how we wish to use 
the output signal. For example, if we wish 
the output signal merely to operate a solenoid 
magnet coil in an industrial control circuit, 
we do not much care . how much the signal 
waveform is distorted during the control 
process. On the other hand, if we deal with 
music, speech or video signals we must take 
care not to distort the signal waveform. We 
must then adjust the grid bias carefully or the 
juice will ferment, and the signal gets groggy! 

Two possible circuit conditions are shown 
in the accompanying illustrations. The first 
of these represents a case where distortion of 
the signal waveform is not detrimental to 
system behavior. On the left side we see how 
the signal waveform, riding upon the grid 
bias voltage line as its axis, is projected upon 
the grid/voltage/plate current characteristic 
curve of the tube, and how the plate current 
follows the grid voltage variations. Note that 
the grid bias voltage has a relatively large 
negative value; this means that the resting 
plate current is relatively low. This heats the 
tube plate but little, and thus results in effi- 
cient operation. But observe the rather seri- 
ous distortion of the signal plate current which 
results. The curves at the right illustrate the 
relationship between grid voltage and output 
plate signal voltage. Notice that the output 
voltage -waveform has higher amplitude than 
the input signal voltage, showing that magni- 
fication or amplification has resulted. But ob - 
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serve that the output voltage waveform, like 
the plate current waveform, is rather badly 
distorted. Complex speech or music signals 
put through such an amplifier would come out 
sounding like the wrath of heaven through 
a tin -horn phonograph! 

The Second Case represents those condi- 
tions which should exist when the output volt- 
age and current waveforms must closely 
resemble the input signal voltage waveform. 
Note that the grid bias has a smaller negative 
value and that it is adjusted to the center (or 
nearly so) of the straight line (linear) portion 
of the characteristic curve. As a result the 
plate current waveform is substantially un- 
distorted. The right-hand curves show that 
the output signal wave is likewise quite free 
from distortion. Considerable voltage amplifi- 
cation may also be obtained under these con- 
ditions. 

We do pay a price for distortionless ampli- 
fication in a simple circuit like this. Because 
we cannot make the grid bias as negative, the 
resting, steady do plate current is considerably 
greater. This causes the plate of the tube to 
become much hotter, and puts a greater stress 
upon the electron -emitting capabilities of the 
cathode. Not only this, but more power must 
be supplied from the dc plate power source; 
the amplifier is not nearly as efficient in its 
use of supply power. However, complex 
signals, such as speech or music, would be 
very well -reproduced under these conditions. 
Other modes of operation are possible too, and 
one discussed in advanced books. 

These diagrams also illustrate a number of 
interesting points of vacuum tube operation 
for the observant reader. For instance, one 
clearly sees that while the plate current varies 
in step with the grid signal voltage, the plate 
signal voltage varies in exactly the opposite 
direction. One also notes that when the plate 
current is at its greatest amplitude, the plate 
voltage is at its lowest. This means that, for 
an amplifier of the distortionless type, the tube 
actually runs cooler when it is amplifying a 
signal than it does when no signal is supplied 

THE VACUUM TUBE IS 
A VOLTAGE OPERATED 
VARIABLE RESISTOR 

THE RESISTANCE OF THE TRIODE VACUUM TUBE 
IS VARIED BY CONTROLLING THE GRID VOLTAGE 

THE RESISTANCE OF THE ORDINARY VARIABLE 
RESISTOR IS VARIED BY TURNING A KNOB 
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to the grid. This is because, although the aver- 
age dc power consumed by the tube is the 
same in both cases, some of this is delivered 
to the output, as signal power. Thus the plate 
does not have to radiate as much heat when 
the amplifier is in full operation. (Is this an 
adequate excuse for turning -up the radio or 
hi-fi set to full volume? We'll let you decide.) 

Vacuum tube signal amplifiers may be 
classified in many different ways; by end use, 
by the amount of grid bias used, by the fre- 
quency range over which they are to be used, 
or by the type of signal waveform they are 
designed to handle. We will leave these points 
to the more advanced books, however. It is 
important here to discuss two fundamental 
classifications; voltage amplifiers and power 
amplifiers. 

A voltage amplifier is one which is designed 
to accept a signal of small amplitude, perhaps 
a few thousandths, or even millionths of a volt 
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and deliver it as a much larger signal voltage. 
The amount of power which it need supply 
may still be negligible, however (remember 
that while voltage is a component of electric 
power, one may have a relatively high voltage 
present without any power whatever being 
expended-consider a battery on open -circuit, 
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for instance). Such amplifiers may take the 
minute signal voltages from a radio receiving 
antenna, a microphone, a phono -pickup or in- 
dustrial sensing -device and magnify it suffi- 
ciently to drive a power amplifier. Small, 
sensitive tubes are used for a job like this. 

A Power Amplifier is expected to deliver 
real power to its load. This power may be used 
to drive a loudspeaker, operate a solenoid 
magnet or servo -motor in an industrial con- 
trol system, or radiate radio signals from a 
transmitting antenna. In this application, 
larger and more powerful tubes are usually 
required. 

It is only in the simplest situations that a 
single vacuum tube can provide sufficient am- 
plification by itself. The more usual applica - 

INPUT ' I 
SIGNAL 

J - 
GRID 
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t 

tions require that a number of tubes be used 
in cascade. This means that the signal output 
of one tube is fed into the grid circuit of the 
next in line. By this means, overall amplifica- 
tion of the order of millions may be readily 
achieved if a number of tubes are used. 

Cascade operation thus implies that a cou- 
pling device be used to transfer the ac signal 
from one tube to the next While this might 
become an involved topic, we will simplify it 
by considering only those systems operating 
in the so-called audio frequency -range; where 
the signal frequency is of the order of a few 
hundred to a few thousand cycles/second. 
Coupling systems for use at higher frequencies 
may be much more complicated, and may be 
read about in more advanced books. However, 
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TOP VIEW OF MULTIELEMENT TUBE ELECTRODES 

all coupling methods employ the same basic 
principles. 

The first system of interstage coupling (One 
tube, with its associated circuit components, 
is called a "stage" of amplification.) is known 
as resistance -capacitor coupling, or resistance 
coupling, for short. Here the coupling capaci- 
tor serves to block the dc plate voltage of one 
stage from the grid circuit of the next, while 
readily passing the varying ac signal currents. 
Each tube develops its signal output voltage 
between plate and ground, the resistor in 
series with the plate makes- this possible. The 
resistor in each grid circuit permits the signal 
voltage to build-up between grid and cathode, 
while yet transmitting do bias voltage to each 
grid. Resistance coupling is generally used 
only in voltage amplifiers and usually where 
the signal voltage does not exceed a few tens 
of volts. 

Transformer coupling may be used in either 
voltage or power amplifiers. The changing ac 
signal plate current creates a changing mag- 
netic field within the primary coil of each 
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CHASSIS GROUND 

INPUT 
TRANSFORMER 

INPUT 
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(SUPPRESSOR) 

GRID* 2 
(SCREEN GRID) 
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(CONTROL GRID) 

transformer. This changing field cuts the turns 
of wire of the secondary coil and induces an 
ac voltage therein. When the secondary coil is 
in the grid circuit of a vacuum tube, this ac 
signal voltage becomes its input voltage. Since 
the only coupling between tubes is via the 
changing magnetic field, the dc plate voltage 
is blocked, but the ac signal voltage is passed. 

Transformer coupling has the advantage of 
power and may also give some voltage step-up 
being able to transfer considerable signal 
or step-down of its own, as the situation re- 
quires. But transformers are relatively ex- 
pensive, are more subject to failure and, if not 
carefully -shielded, may pick up excessive 
noise and hum from their surroundings. 

In the circuits we have shown, batteries are 
used to provide grid bias and plate supply 
voltage. This is done purely in the interest of 
simplicity to avoid certain technical difficulties 
beyond the scope of this article. Actually, in 
practice, these voltages are supplied most 
often from rectifier -filter power supplies oper- 
ated from the commercial ac power system. 
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From what has been said, it might be in- 
ferred that the triode is the only kind of am- 
plifying vacuum tube. This is by no means the 
case. In fact it might not even be the most - 
commonly used type today. In the late 
twenties it was discovered that the addition of 
a second grid, between the already -present 
grid number one and the plate, would give the 
tube superior amplifying properties. Thus the 
tetrode or four -element tube was born. 

THIS ELECTRON 
WOULD NORMALLY 
MOVE TOWARD SCREEN 

RAPIDLY MOVING (BACKWARD) IF NOT 
ELECTRON KNOCKS REPELLED BY 
ANOTHER FROM SUPPRESSOR 
THE PLATE GRID 

SUPPRESSOR 
GRID - 

SCREEN 
GRID - 

HOW THE SUPPRESSOR GRID SUPPRESSES 
REVERSE CURRENT WITHIN THE TUBE 

In the tetrode, the cathode, grid and plate 
are connected just as they are with the triode. 
The additional grid number two, or "screen" 
grid, is connected to the positive plate supply 
voltage through a suitable voltage dropping 
resistor. The screen grid is often operated at 
from one-half to three-quarters of the plate 
voltage. The capacitor connected from the 
screen grid to cathode prevents the changing 
plate voltage from affecting the steady do 
voltage from screen grid to cathode. In other 
words, it "by-passes" any ac signal voltage 
variations from screen grid to ground. 

The Screen Grid performs two important 
functions within the tube. It serves as a 
"screen," or shield, between the plate and the 
grid of the tube, reducing feedback via this 
path, with its accompanying instability. Also, 
since it is positively -charged, it assists the 
plate in attracting electrons from the cathode. 

The addition of the screen grid greatly im- 
proved the sensitivity and amplifying -proper- 
ties of the tube. Both the amplification factor 
and the mutual conductance (previously men- 
tioned) are markedly increased. A single 
properly operated tetrode might amplify a 
signal as much as would two or three triodes 
connected in a cascade. 

But all is not joy. Experience with the tet- 
rode reveals a serious defect. On strong 
plate current peaks the plate voltage often, 
for a brief instant, becomes less positive than 
the screen grid. Then any electrons "loung- 
ing" about the plate are attracted to the 
screen, resulting in a reverse current flow, 
which partially cancels the main stream. 
Where do these "lounging" electrons come 
from? When high speed electrons from the 
cathode hit the plate hard, as they do during 
a high current peak, they knock other elec- 
trons from the plate by main force, just 
like a fast ball down the alley will send the 
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ADDITIONAL SUPPRESSOR GRID 
CONNECTED TO CATHODE 
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i 

HOW THE CATHODE IS CONNECTED 

OUTPUT 

bowling pins flying. These electrons, lurking 
about the plate, are attracted toward the 
screen. 

To remedy this defect, another grid was in- 
serted between the screen grid and the plate. 
This number three grid, or "suppressor" grid, 
has little effect upon the fast electrons coming 
from the cathode. But it does repel any slower 
electrons trying to get from the plate to the 
screen grid. Thus the major defect of the tet- 
rode was cured by making it into a pentode, 
or five element tube. The pentode retains all 
of the advantages of the tetrode while yet 
overcoming the back current effect. The pen- 
tode has become so successful that it is now 
the most popular amplifying tube. Ordinarily 
tetrodes as just described are no longer either 
made or used to any extent. Instead, the 
beam -power tetrode has gained favor. 

As the name implies, the electron streams 
within the beam power tetrode are directed 
into dense beams by means of two negative, 
beam -forming plates on either side of the 
cathode. Not only this, but the wires within 
the screen grid are aligned to be within the 
"shadow" of the control grid wires. This fur- 
ther encourages the formation of dense elec- 
tron beams. Observe, also, that the screen 
grid and plate are rather widely separated. 

The Beam -Power Tetrode would suffer 
from the most serious defect of the ordinary 
tetrode, were it not for the presence of a large 
cloud of moving electrons between the screen 
grid and plate. This dense "cloud of nega- 
tivity" effectively discourages any current 
flow from the plate backwards toward the 
screen grid. Thus, although a tetrode, the 
beam power tube has all of the advantages of 
the pentode, with a few of its own besides. 
These are high signal power sensitivity, lower 
screen grid current, and somewhat simpler 

construction techniques employed. 
An amplifier schematic diagram employing 

a pentode voltage amplifier and a beam power 
tetrode is shown in the illustrations. This rela- 
tively simple, two tube circuit develops great- 
er amplification, both voltage and power than 
would 4 or 5 triodes. The advantages of the 
multielement tube are thus obvious. 

In addition to, or rather because of its am- 
plifying ability, the triode (and its successors) 
may also serve as convenient sources of alter- 
nating current signals. To see how this may 
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come about, consider the diagram. Here the 
primary of a variable -coupling transformer is 
inserted in series with the load resistance of 
an amplifier. The secondary, in turn, is con- 
nected in series with the signal generator at 
the input terminals. These connections are to 
be made such that the voltage induced into the 
transformer secondary will always add to 
(rather than subtract from) the voltage pro- 
vided by the signal source. This last detail is 
vital. 

Let us begin by decoupling the primary 
and secondary coils of the transformer so that 
no voltage is exchanged between these. Then 
let us start the signal generator, adjusting it 
to produce 10 volts of signal. Because the am- 
plifier has a voltage gain (or amplification) of 
10, the output voltage will be 100 volts. This is 
what we should expect. 

Now let us increase the coupling within the 
transformer until the secondary induced volt- 
age is 2 volts, meanwhile reducing the signal 
generator voltage to 8 volts. The amplifier 
goes on producing its usual 100 volts of out- 
put, just as before. 

Then increase the coupling of the trans- 
former to produce a secondary voltage of five, 
meanwhile reducing the signal generator out- 
put to 5 volts. Things in the amplifier go on 
as usual; it continues to produce 100 volts of 
signal output despite the fact that 50% of its 
input signal voltage is being developed by 
itself. 

Finally, let us increase the coupling until 
the transformer secondary voltage is a full 
10 volts, simultaneously reducing the signal 
generator voltage to zero. The voltage output 
of the amplifier continues to be the full 100 
volts despite the fact that the amplifier is now 
entirely producing its own input signal volt- 
age. It is apparently too stupid to know that 
the external signal input has been completely 
removed. 

Such an amplifier, arranged to supply its 
own signal input, is called an oscillator in the 
trade. When in operation, an oscillator acts as 
a convenient source of alternating current 
signal energy, and these are widely used in 
this way. Unlike a mechanical rotating -coil 
alternator of the power -plant type, the oscil- 
lator has no moving parts (except electrons) 
and no bearings to lubricate. Furthermore, 
unlike the latter, it may generate voltages 
whose frequencies range from less than 1 
cycle to billions of cycles per second and at 
power levels from microwatts to kilowatts. 

Although we used an external signal gener- 
ator to get this imaginary oscillator started, 
this is not necessary in practice. Properly de- 
signed oscillators are always self-starting, and 
cause no trouble in this respect. 

What are the requirements for the genera- 
tion of oscillations in an electronic circuit? 
First, we must have an amplifier, in this case 

a properly -connected and adjusted vacuum 
tube. Then we must have a means of feeding - 
back enough voltage, from output to input, to 
overcome the energy losses in the system. 
Finally this voltage fed back must be phased 
in such a way as to add to any signal voltage 
already present. (If this is not the case, then 
the oscillations will be cancelled -out instead 
of sustaining themselves.) It is important to 
note that, if these conditions exist within a 
circuit, oscillations will occur whether we 
want them to or not. Thus it often befalls that 
tyro radiomen, building what they hope will 
be an amplifier, find out that they have con- 
structed an oscillator instead. Long leads and 
improper part placement provide unsuspected 
feedback paths, and the circuit goes into oscil- 
lation. 

In addition to the essentials just mentioned, 
properly designed oscillators are provided 
with a frequency control circuit. This may be 
a coil and capacitor, designed to resonate at 
the designed frequency or it may be a tuning 
for or a specially ground slab of quartz, a 
piezoelectric crystal. Even the natural vibra- 
tion frequencies of ammonia, or cesium mole- 
cules may be used as frequency control 
devices, as in the famous atomic clock of the 
United States Bureau of Standards. 

In the oscillator circuit diagrammed, the 
frequency of oscillation is mainly determined 
by resonance in the capacitor and inductor 
combination, C and L. Feedback is provided 
by magnetic field coupling between the tuned 
circuit coil L, and the feedback coil. Proper 
phasing of the feedback voltage is assured by 
proper connections to the feedback coil. Any 
good triode will provide sufficient amplifica- 
tion if the feedback coil is properly propor- 
tioned. 

When properly set-up, oscillators such as 
this one will generate signal voltages at fre- 
quencies from ten cycles to one hundred mil- 
lion cycles per second. Design details of this 
and many other practical oscillator circuits 
may be found in those books devoted to elec- 
tronic engineering. 

Oscillators are used in carrier wire tele- 
phony, in radio and TV transmitters and re- 
ceivers, in test equipment for these, and as 
high frequency power generators in industrial 
heat treating and plastic forming operations. 
These are also the basis for precision timing 
apparatus, such as the aforementioned atomic 
clock. 

As rectifier, as amplifier and as generator 
of signals, the vacuum tube has earned an 
honored niche in the hall of history. Only the 
transistor challenges it as an immediate com- 
petitor in these fields. It will be a while be- 
fore even this marvelous gadget completely 
catches up. The vacuum tube is well worth 
our efforts to understand it as completely as 
possible. 
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RECTIFYING ACTION OF P -N JUNCTION 

The Junction 
Transistor: 
How Does 
It Work? 
By C. F. ROCKEY 

THE transistor is best described as a solid- 
state amplifying device. Unlike the vacu- 
um tube wherein the current carrying 

electrons fly through the empty space of a 
gas free jug, the transistor is a solid piece 
of matter that is harder than stone. As it op- 
erates, no familiar glow of filament or cath- 
ode meets the eye; everything happens in the 
mysterious darkness of an atomic crystalline 
lattice. Yet this little chunk of silvery stuff 
has challenged the king of amplifiers on his 
own home grounds; threatening to replace 
the vacuum tube completely in certain areas. 
How does this thing work? Let us see. 

From the electrical point of view, there are 
three kinds of solid substances. The first of 
these are the insulators in which the internal 
electrons are tightly bound and cannot move 
when an electric field is applied. The second 
are the conductors. Here many electrons are 
relatively loose, and move readily in the pres- 
ence of an electric field. Then there are the 
semiconductors which are intermediate be- 
tween these. 

Further, there are two types of semiFon- 
ductors. One of these conducts by means of 
free electrons, much as in ordinary conduc- 
tors. The difference being in the lesser num- 
ber of these free electrons per unit volume of 
material. Such materials are called N -type 
semiconductors. The other may be thought 
of as a conducting electric current by means 
of positively charged particles called holes, 
and are called P -type semiconductors. Actu- 
ally, we know that electrons are the true con- 
ducting agents in P -type semiconductors also, 
but the mechanism of their action is some- 
what different. We thus have found it easier 
to assume the existence of these holes. 

The sub microscopic, structural reasons for 
the existence of these two types of semicon- 
ductors is in the realm of solid-state physics, 
and will not be considered further here. 

But it is the existence of these two differ- 
ent types of semiconductor materials which 
makes the transistor possible. Unless stated 
otherwise, we will further assume that we 
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may have ideally pure materials of each type 
at hand; materials which contain only the 
right kind of conducting particles. Obviously 
this is an oversimplification, but will make 
the reading much easier. 

Let us imagine that we have a single semi- 
conductor crystal of the same chemical sub- 
stance, but consisting of equal parts of both 
P and N -type material. Furthermore, let's 
imagine that these two materials are sepa- 
rated by a sharp, planar boundary as shown 
in the illustration. Such a boundary between 
two different semiconductors in a single 
crystal is called a P -N junction. 

What Are the Properties of a P -N junc- 
tion? If we connect a small battery and a 
sensitive ammeter in series with the junc- 
tion, we observe that it acts as a conductor in 
one direction but a (nearly) open circuit in 
the other. 

We will find that when we connect the 
positive terminal of the battery to the P -type 
material and the negative terminal to the 
N -type material, electrons flow from the N 
to the P material, holes in the opposite di- 
rection. Thus a considerable current will 
flow. In the trade we have come to call this 
the forward -biased condition for the junction. 
But when we connect the positive battery 
terminal to the N -type material and the nega- 
tive to the P -type we find practically an open - 
circuit within the junction. This is the re- 
verse -biased condition. The current -carrying 
particles are held, each in its own bailiwick, 
and no current can flow. 

Thus a P -N junction, like a vacuum diode, 
is an electrical check -valve, allowing charge 
to move in just one direction. Like the vacu- 
um diode, it may be used as a rectifier, for 
converting ac voltage into unidirection pulses, 
from which do power may be recovered by 
filtering. The well known selenium rectifier 
is essentially a set of P -N junctions. (As are 
crystal diodes). 

Although useful, the rectifying property of 
the P -N junction is of secondary interest to 
us here. Rather we are much more con- 
cerned with how these junctions may be com- 
bined together to form a transistor. 

Transistors take many physical forms, but 
all those currently used operate upon the 
same principles. We will therefore discuss 
these in terms of the simplest device, the orig- 
inal junction transistor. The junction tran- 
sistor may_ be thought of as a single crystal 
of a given semiconducting substance, usually 
germanium or silicon. But this single crystal 
is arranged to contain three different regions. 

Since there are three different regions of 
semiconductivity, and two distinct kinds of 
semiconducting material, there are two differ- 
ent forms of junction transistor possible, the 
NPN and the PNP. 

N N 
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Actually a transistor is a semiconductor 
sandwich. The NPN transistor consists of 
two regions of N -type semiconductor, as the 
bread of the sandwich, and a very thin region 
of P -type semiconductor as the meat. In the PNP transistor the bread is P -type semicon- 
ductor and the meat is N -type. The central 

EMITTER 
N N 

BASE 

meat section must be very thin, not over a 
few thousandths of an inch thick, if the de- 
vice is to operate properly. 

As we shall see, both PNP and NPN types 
are in current use. Both operate in the same 
basic manner and each has its specific ad- 
vantages and disadvantages. 
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At present it would seem that PNP tran- 
sistors are somewhat cheaper to manufacture, 
but NPN units will operate at higher fre- 
quencies. There are a number of exceptions 
to these rules, however. 

Being a block of solid material, the tran- 
sistor has no elements in the sense that the 
vacuum tube does. But there are points upon 
the block that fulfill certain functions, as far 
as circuit connection and operation are 
concerned. We therefore think of these as 
being analogous to the element connec- 
tions of the vacuum tube. These connections 
are called the emitter, base, and collector, 
respectively. 

This terminology is difficult to justify in the 
light of the modern transistor; it was orig- 
inated for use with the now obsolete point 
contact transistor, and made good sense when 
these were in use. But tradition dies hard, 
and so the old words remain in use despite 
their obscurity. 

The thin middle section of either type of 
transistor is always called the base, as is the 
connection made to it. The connection to one 
of the outermost sections is called the emitter, 
the other, the collector. In many transistors 
it makes no difference which end is which, 
in others it definitely does. It is always best 
to follow the published data and markings 
on any particular unit, to be on the safe side. 

The particles within the body of the semi- 
conductor, whose motion through the ma- 
terial represents the current flow, are called 
the carriers. For now we will consider that 
only majority carriers, the right kind for that 
particular kind of material are the only ones 
present. Actually, of course, a few of the 
wrong kind, called minority carriers, are also 
present in all practical transistors. We shall 
not refer to these further. 

Let Us Consider the NPN junction tran- 
sistor; here the carriers are primarily elec- 
trons, and thus the discussion will be most 
easily followed by those with a vacuum tube 
background. The same principles apply to 
PNP units, the difference being that holes 
instead of electrons carry the current. The 
battery polarities are also reversed. 

Examine the illustration showing the basic 
circuit. Here we observe in application what 
might be considered to be the first law of 
transistor circuits, that is, the emitter -base 

ANALOGIES BETWEEN THE 

VACUUM TUBE AND THE 

TRANSISTOR 

junction is always forward -biased, while the 
collector -base junction is always reverse - 
biased. This is a most important practical 
principle, and should be fixed firmly in mind. 
Otherwise one may seriously damage a 
transistor. 

Suppose we start with the emitter resistor 
set to its open circuit position. Then the 
emitter current and the base current will 
both be zero, since they are both part of the 
same series circuit, and the current through- 
out a single series loop is everywhere the 
same. The collector current will also be zero, 
since the base -collector junction is reverse 
biased, making the junction an open circuit. 

Now let us gradually reduce the resistance 
value of the emitter resistor. As we do so 
the emitter current and base current both in- 
crease. This is to be expected. But what we 
might not expect is that the collector current 
also increases. Why should this be? What is 
happening is that the positive charge on the 
base region is attracting current carrying 
particles from the emitter region. When these 
reach the base, they are further attracted to 
the even higher attractive potential within 
the collector region. Because it is so thin, 
these carriers go right through the base re- 
gion and into the emitter region, or rather, 
most of them do. They then flow out of the 
collector connection and into the collector 
battery. Thus we say that the forward biased 
emitter base junction acts as a particle gun. 
It injects, or shoots carriers into the collector 
region. Of course, once these get into the 
collector region, they are immediately at- 
tracted to the collector terminal, resulting in 
a flow of collector current. 

Please observe that it is only these injected 
carriers which result in collector current, 
for as soon as the emitter current becomes 
zero, so does the collector current. This is 
because the collector junction is reverse - 
biased. No carriers normally flow through it. 
Thus, because it directly controls the number 
of injected particles, the emitter current con- 
trols the collector current. 

But what happens within the base region? 
As we have said, most of the particles enter- 
ing it from the emitter region pass on 
through to the collector. But a few do not. 
These few flow out of the base connection, 
forming the base current. The base current 

ELEMENTARY ELECTRONICS 105 



is normally from about one to five percent 
of the emitter current; the other ninety-five 
to ninety-nine percent flows on as collector 
current. 

A Reverse -Biased Junction acts as an open 
circuit, there may be a considerable voltage, 
several tens of volts, between the collector 
and the base. But the resistance of the for- 
ward -biased emitter -base junction is small, 
very little voltage may exist across it, not 
over a few tenths of a volt in practice. Thus 
it is most reasonable to speak in terms of the 
emitter junction current, rather than the 
voltage. Unlike the vacuum tube, then, 
where the output circuit current is controlled 
by the input circuit voltage, the transistor is 
a current -controlled, rather than a voltage 
device. This important fact must be kept in mind when using transistors. It also makes 
it impractical to substitute transistors direct- 
ly into vacuum tube circuits without first 
making important changes. 

As we have seen, most of the current en- tering the emitter leaves at the collector. 
Only a small amount emerges from the base. 
We may control the collector current by 
changing either the emitter or the base cur- 
rent. The base current tends to be a constant 
fraction of the emitter current. Therefore, 
a much smaller change need be made in the 
base than in the emitter current to cause the 
same change in collector current. This con- 
dition is reflected in two of the most im- 
portant transistor characteristics, alpha and 
beta. These are defined as follows: 

(Change in collector current) 
Alpha - 

(Change in emitter current) 
and 

(Change in collector current) 
Beta - 

(Change in base current) 

In the typical junction transistor available 
today, alpha has a value of from 0.90 to 0.99 
while beta ranges from about 10. to 100. Thus 
the base current is from ten to one hundred 
times more effective in controlling collector 
current than is the emitter current. 

For this reason, the most widely -used tran- 
sistor circuit today is the common -emitter 
circuit. The load, which the transistor sup- 
plies signal output voltage or power, is con- 
nected in series with the collector circuit. 
This may be a loudspeaker, industrial control 
solenoid or similar device. The signal input 
source is connected in the base circuit. The 
output power comes from the collector cir- 
cuit battery, while the correct operating con- 
ditions are established by means of a bias 
battery in the base circuit. 

As with the vacuum tube, we will assume 
that the signal to be amplified is a sine -wave 
ac voltage or current which may come from 
a microphone, radio receiving antenna, in- 
dustrial sensing device, or similar signal 
source. 

As the signal current alternates, it adds to 
and subtracts from the base bias battery cur- 
rent. As a result a greater or lesser number 
of current carriers are injected into the col- 
lector region, and the collector current 
through the load varies accordingly. Because 
the change in base current involved is so 
much smaller than the change in collector 
current, considerable current and power am- 
plification is possible. 

The illustration shows the current and 
voltage relationships in the common emitter 
transistor amplifier circuit. The base and 
collector currents vary in step with each 
other, while the voltage from collector to 
emitter (the collector signal voltage) varies 
in the opposite direction. 

The similarities and differences between 
the operation of the vacuum tube and the 
transistor are now apparent. Whereas the 
vacuum tube is a voltage -controlled variable 
resistor, the transistor is a current -controlled 
one. The base current, in the common emit- 
ter circuit acts in the same manner as the 
grid voltage in the tube. In the vacuum tube, 
electrons travel through space from the cath- 
ode to the plate; in the transistor the current 
carriers (they may be either electrons or 
positive holes) migrate through the crystal 
from emitter to collector. Thus, from a pure- 
ly external point of view, the emitter of the 
transistor may be considered analogous to 
the vacuum tube cathode, the base of the 
grid and the collector to the plate. 

It is interesting to compare the effect of the 
base bias current of the transistor with the 
grid bias voltage in the vacuum tube. While 
the grid bias voltage tends to hold back the 
flow of plate current within the vacuum tube, 
preventing it from reaching excessively high 
values, an increase in the base bias current 
in the transistor causes more collector cur- rent to flow. To cut off the plate current of a 
vacuum tube, one makes the negative grid 
bias voltage large. But to cut off the collector 
current in a transistor, one removes the base 
bias entirely. Then the collector current 
drops to a negligible small value. Bias seems 
to have an opposite effect in these two 
devices. 

When we use the transistor in a practical 
common -emitter circuit for ac signal amplifi- 
cation, it is possible to eliminate the separate 
base bias battery. Since the base and the 
collector have the same polarity with respect 
to the emitter, one may supply base current 
by merely connecting a suitably sized resis- 
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tor from the ungrounded supply battery ter- minal to the base. Thus only one battery 
will be needed. The coupling capacitors in 
series with the input and output circuits serve the same purpose in the transistor cir- 
cuit as they do with the vacuum tube. These 
block any flow of dc current while yet allow- 
ing ac signal currents to flow with ease. 

At room temperatures and below transis- 
tors cause little trouble. But when the tem- perature rises, as it might in a higher -pow- 
ered unit, or in apparatus exposed to the sun, 
extra current -carrying particles break loose 
within the crystal. As the number of these 
increases, the internal resistance of the tran- 
sistor decreases, causing excess current to 
flow through the junctions. The increasing 
current raises the temperature, breaking 
loose more carriers and raising the current 
still higher. This vicious circle continues 
until the transistor is destroyed. We call this 
effect thermal runaway. 

SIGNAL 
OUTPUT 
0 

)MAGNETIC COUPLING 

TO BATTERY 
(+ FOR NPN 
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FEEDBACK COIL 

ONE TYPE OF TRANSISTOR OSCILLATOR 

We may prevent thermal runaway by re- 
designing the circuit somewhat. For instance, 
we connect a resistor, the emitter resistor, in 
series with the emitter circuit. Normally 
there is about ten percent of the supply 
voltage dropped across this resistor. But 
when thermal runaway begins, the voltage 
drop across this resistor increases, reducing 
the voltage that is active between base and 
emitter. This cuts down the current and 
slows the avalanche. In order to reduce sig- 
nal voltage loss in this resistor, we connect a large by-pass capacitor across it. The ac 
signal current flows through this, then, rather than through the resistor. But the do must flow through the resistor. 

We may also minimize thermal runaway 
by connecting the base bias resistor to the 
collector instead of to the battery. When 
current increases due to thermal runaway, 
the voltage drop across the load resistor in- 
creases. This decreases the collector voltage 
and, simultaneously, the base current. This 
holds the rising current in check. Of course, 
there is an undesirable feedback of ac signal current through the base resistor also, which 
reduces the amplification of the stage some- 
what. But with proper design this loss need 
be but slight, and is more than compensated 
by the freedom from thermal runaway diffi- 
culties. Other techniques are also used, and 
are described in more advanced books. 

Transistors may be connected in cascade, 
just as are vacuum tubes. This is done when 
one transistor alone will not provide suffi- 
cient amplification. The same principles are 
involved, but with an important difference. 
Whereas with the vacuum tube the incoming 
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signal `looks into' practically an open circuit, 
the base -emitter resistance of the transistor 
is quite low, of the order of a few hundred 
ohms. This means that the coupling capaci- 
tors in a resistance -coupled transistor ampli- 
fier must be very much larger in capacitance 
than those used with tubes (tens of micro - 
farads, instead of hundredths). 

Transistor transformer -coupled amplifiers 
are also useful; miniature transformers being 
made especially for this purpose. But again, 
due to the low input resistance of the transis- 
tor, these transformers must have a step- 
down turns ratio (fewer turns on secondary 
winding than on primary winding) when 
coupling from one transistor into another. 

These amplifiers are designated for use 
with signals in the `audio -frequency' range, 
that is, of the order of a few thousand cycles. 
Where higher frequency signals must be 
handled, more complex techniques are used, 
which are described in advanced books on 
transistor circuit design. 

An oscillator is an amplifier arranged to 
supply its own input signal, and transistors, 
like vacuum tubes and all other amplifying 
devices, are also capable of oscillation. They 
then make most -useful signal generator for 
communications and industry. While high 
power transistors capable of more than a few 
watts output at the megacycle frequencies 
are not yet reasonable in price, they will be 
some day. Present transistors may deliver 
milliwatts of power at frequencies in the 
hundreds of megacycles, however, and are 
thus very useful. One type of simple transis- 
tor oscillator circuit is shown in the illus- 
tration. The parallel tuned L/C circuit deter - 
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mines the frequency of oscillation, and the 
coil in the base circuit, magnetically coupled 
to the tuned circuit coil, provides the feed- 
back voltage. This circuit, when properly 
built and adjusted will serve as a signal gen- 
erator at frequencies from 10 to about 10,000,- 
000 cycles/second. The primary power and 
frequency limiting factor is the transistor 
itself. 

The illustration shows a schematic diagram 
of an audio frequency amplifier using tran- 
sistors., The first ten units are current ampli- 
fiers, and may together provide amplification 
of some ten thousand times. The power am- 
plifier may provide a watt or two of signal 
power, sufficient to drive a small loudspeaker 
or industrial control device. This, of course, 
is a basic circuit ... many refinements are 
possible and may be found discussed in books 
on circuit design details: 

Present-day transistors are extremely 
durable mechanically, have a practically un- 
limited life span, are electrically efficient, and 
require no cathode -heating power. On the 
other hand, they tend to be much more ex- 
pensive than vacuum tubes of equivalent 
quality, are easily damaged by heat, and are 
more subject to electrical damage in the 
hands of an inexperienced constructor. They 
also require relatively more power -supply 
current at much lower voltage than do most 
vacuum tubes. This makes them ideally 
suited to battery -powered apparatus, but 
somewhat inconvenient for equipment to be 
powered from the commercial ac power 
mains. But transistors have revolutionized 
the electronic industry, have well earned 
their place, and are probably here to stay. 
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ELECTRONIC 

ELECTRONICS is a branch of applied physics. Physics is a mathematical sci- ence. If you want to get anywhere in electronics, either professionally or with your own conscience, you've got to face up to the figures. Ah, there's the rub! Mention math- ematics to most people and they picture a dingy schoolroom with a dismal schoolmarm; the very image of dullness and despair. Or, they think of a dreamy -eyed egghead, with one foot in infinity and the other on a banana peel. But it needn't be so. 
Trouble is, mathematics gets hung -up with tedium. When you were in school, your teacher nourished the faint hope that some- one in your class might be a genius. So she set the class standards to keep him busy. The writer knows that you're not a genius, and neither is he. (Otherwise you wouldn't be reading this book.) He knows, from bitter experience, how tough this stuff is if one wants to make it so. But, rather, let's see how easy this math may be. We're going to learn to get answers, and not mess around. 

Accuracy: First of all, there's this elu- sive business of accuracy. Sure, mathematics 
is accurate, it's made that way. But that's not why we're interested in it. We're interested in it as a tool, a way to handle the facts of electronics. And these, my friend, are seldom accurate. Most ordinary radio or electronic parts are seldom specified to within closer than ten percent of their true value; many no closer than twenty percent. Why fight city hall? For instance, why carry along figures like 235.0783 volts when the voltmeter you'd use to measure it might give you a reading anywhere between 230 and 240 volts? Why "sweat out" those extra figures? Don't you 
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know that you can't calculate accuracy into a situation; that the overall accuracy is limited to that of the least accurate piece of information you're using? And with anything but the best laboratory data, this is not likely to ever be better than about 10%! So let's state our first operating rule: `Be only as accurate as it pays you to be." This, in itself, should relieve about half of the tedium from electronic calculations. 
Secondly, let's get out of the "hoss 'n' buggy" days and use some modern methods. Old-fashioned "long multiplication" and "long division" were designed by people who had little to do and all day to get it done. Further- more, these were designed for business calcu- lations, like bookkeepers make, and not scien- tific calculations. So, let's find some "cheap 'n' dirty" techniques that will get the job done in half the time, and make it easier, too. Here we'll learn a system that's been in use by engineers for decades, that's guaranteed not only to be much easier, but to effectively eliminate those darned decimal -point worries also. Stick around, what have you to lose? If you can possibly do so, hie yourself down to your neighborhood engineering sup- plies or stationery store, and latch onto a cheap slide rule. Believe ús, mathematically - speaking, the slide rule is the great eman- cipator. Now you might once have associated 

slide rules with calculus, logarithms, and all that egghead stuff, but put that out of your mind. (Sure, eggheads use 'em, but that's because they're smart enough to do things the easy way. That's how they have time to be eggheads.) Anybody (and we mean any- body) who can read a fever thermometer, 
speedometer, steam -pressure gauge, or a volt- 



meter can learn to multiply and divide on this 
simple gadget and thereby save three-quar- 
ters of his figuring time. You can get one that 
will serve you for years for Less than two 
dollars. A book that shows you how is usually 
included. 

Take the time to thoroughly understand 
what you're trying to do before you begin. 
Some people try to figure when they haven't 
the foggiest idea of what they're really try- 
ing to find. Naturally they have trouble. 

A great help in solving any electronic prob- 
lem is to draw a neat, clear diagram first. 
Then label it completely. Sometimes just the 
act of drawing the diagram will clean the car- 
bon from the brain -cells, and make the whole 
thing clear as beer. Try it. 

Finally, DON'T GET SCARED. No marks on a 

piece of paper, no formulas, not even the 
biggest numbers, can possibly hurt you. (If 
that formula looks scary, make an ugly face 
back at it and scare it first.) Remember here, 
you don't have a fussy teacher to satisfy or 
an exam to pass. How well you do is strictly 
up to your own conscience. Go to it, you have 
nothing to lose, and everything to gain. 

Ohms Law: Let's begin with our old friend, 
Ohm's law, which relates the current flowing 
in an electrical circuit to the driving voltage 
and the resistance. This is commonly ex- 
pressed by the formula: 

E 

I = 

Here I represents, the current, in amperes; 
E the voltage; and R the resistance, in ohms. 
To show how this works, let's make up a little 
problem. Suppose that a twelve ohm resistor 
is connected across a one hundred volt bat- 
tery. How many amperes will flow? 

First, we will draw a circuit diagram; not 
that we really need to with such a straight- 
forward situation, but rather just to get into 
the habit (Fig. 1). Then we see that, to find 
the current, we must divide the voltage by 
the number of ohms. Now, this is the way 
most people would probably do it: 

8.333 

121100.000 I = 8.333 amps. Ii AMPS 

96 

40 
36 

100 
VOLTS 

1- 12 

OHMS 

40 

T+ 36 
L FI0.1 

40 

But this is a lot of monkey -business. In the 
first place, how do we know that the voltage 
of the battery is exactly 100 volts, or the 
resistor exactly twelve ohms? After all, a 
brand new voltmeter, right out of its packing - 
box, is only expected to read within about 
two percent of the true value. This means 
that the battery may be developing anything 
from 98 to 102 volts when the meter reads 
100 volts. Things get much worse as the meter 
grows older. The ohmmeters commonly used 
in electronic shops are notoriously inaccurate, 
especially when their internal batteries run 
down. Actually, although the resistor meas- 
ures 12 ohms, its true resistance might easily 
be anything from 9 to 15 ohms. An answer 
of 8.333 amperes implies an accuracy of one 
part in one hundred thousand! Is such an 
answer justified? Why then the fuss? 

Now, let's set this problem up in modern 
style: 
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5 
volts 10 x 10 

I =- = -0.83x10 =8.3amps. 
ohms 12 

6 

See how much easier this not only looks, 
but is. What did we do? First we "factored" 
the numerator into the product of ten times 
ten which, after all, still equals one hundred. 
Then we divided both numerator and denom- 
inator ("top" and "bottom" of fraction) by 
two. Finally, we can either divide five by six 
with short -division, or we can look up the 
decimal equivalent of 5/6 in any technical 
handbook. Also observe that we brutally 
dropped all but two digits from the answer. 
Even this "inaccurate" answer implies that 
we know the voltage and resistance to within 
one percent; perhaps even now it is a more 
accurate answer than we deserve. 

Where this method really begins to pay off 
is when we must find the current in milli- 
amperes, that is, thousandths of an ampere; as 
usually do in vacuum tube or transistor cir- 
cuits. For example, let's suppose we want to 
find the current that flows through a 47,000 
ohm resistor when connected across a 250 - 
volt battery. If we set this up as grandfather 
would have done it: 

.005425 

470001255.000 000 I = 0:005425 amps 
235 000 

or: .005 425 x 1000 = 5.425 milliamps. 
235 000 

20 0000 
18 8000 

12 0000 
9 4000 

2 600 00 
2 35000 

Not hard, admittedly. But look at all those 
zeros, and the chances for making a decimal 
point error. Not only that, but think of all 
the trouble of finding "trial divisors" at. each 
step. What a waste of time! 

Now let's set it up in modern style. First, 
we remember that the typical resistor that is 
sold for electronic circuitry has a value which 
is within plus or minus 10% of that marked 
upon it. Thus we'd be completely justified in 
calling the resistor value 50,000 ohms, to 
make our work easier. And since 5 volts is 
somewhat less than 2% of 255 volts, we may 
round this off to 250 volts also, and still be 
within the 2% meter accuracy previously 
mentioned. Thus: 

5 

volts 25 x 10 x 1000 
I = _ - 5. milliamps. 

amps 5 x 10 x 1000 

See how easy it is? You can do this directly 
in your head and, what's even more impor- 

t 1.2 

tant, the decimal point places itself. When 
you consider that at least half of the errors 
made by amateur calculators are decimal 
point errors, the benefits are even greater. 

How did we do it? First, we broke up 250 
into its "factors," 25 and 10. Then we sepa- 
rated 50,000 into 5 x 10 x 1,000. Finally, 

. remembering that 1 ampere contains one 
thousand milliamperes, we put this thousand 
into the numerator, or "top number." That's 
all there is to it. 

Of course, if you're an arithmetic whiz, or 
you enjoy the tedium of long division, you 
wonder wherein the advantage lies. But, 
chances are, if you were one of these, you 
wouldn't have stayed with us this long. Let's 
move on. 

Another common problem which arises in 
electronic work is that of finding the voltage - 
drop across a given resistor, when the cur- 
rent and resistance are both known. An ex- 
ample will illustrate. Suppose 25 milliam- 
peres flow through a 5000 ohm resistor. What 
is the voltage "dropped," or developed across 
the resistor? 

To work this problem, we remember to use 
the form of Ohm's law that gives voltage 
when current and resistance are known, that 
it: 

E=IxR. 
The symbols and units are the same as we 
have been using. 

Remembering that one ampere is equal to 
one .thousand milliamperes, let's set up the 
problem as follows: 

25 
E = amps x ohms = -x 5 x 1000 = 125 volts. 

1000 

See how simple it is? When you 'dig' the 
modern method, the problems almost work 
themselves. No more "doodle -up and carrying 
one," no counting -off of zeros, no more worry- 
ing as to whether you've got the decimal 
point where it belongs. Who says Ohm's law 
is "hard?" (And can you imagine that thou- 
sands of candidates for F.C.C. radio opera- 
tor's licenses fail their exams each year be- 
cause they can't work Ohm's law?) 

What happens when you know the voltage 
and the current, but would like to find the 
resistance? This is easy, too. First, let's use 
Ohm's law in the form: 

E 

R= - 
I 

with the symbols the same as before. 
Now for an example: What is the resistance 

of a resistor that develops a voltage drop of 
400 volts when 30 milliamperes flow through 
it? All right, let's set it up: 

volts 4x10 4x10x100 
R = - 1.3 x 1000 = 1300 ohms 

amps 3x10 ' 3 

1000 
100 



(Of course you remembered that 3/4 is equal 
to about 1.3, didn't you?) 

Try this one? How many volts flow through 
a 10000 -ohm resistor when the current is 50 

milliamperes? Did you get 500 hundred? 
Well, you're wrong! No, it's not your mathe- 
matics this time, my friend but rather your 
basic concepts. Now think; can voltage 
"flow?" Of course not! The only electrical 
quantity in a circuit that flows is current. 
Voltage exists, or develops between two 

points of a circuit but it never flows any- 
where. (Despite the newspaper account of a 

man who was electrocuited when, "220 volts 
`flowed through' his body.") There's a moral 
to this story: Make sure you understand the 
nature of the quantities you're working -with, 
before making calculations. 

Joule's Law: Let's work out a couple of 

electrical power problems. To do this, we'll 
use what is sometimes called Joule's law. This 
important relationship comes in three forms: 

1) P =ExI 
2) P=I2XR 

E2 

3) P 
R. 

In all these, P stands for power, in watts; E 

for the voltage; I for the current, in amperes; 
and R for the resistance, in ohms. 

Here are some examples, set up in modern 
form: 

1) A radio transmitting tube draws 60 

milliamperes at 300 volts. How much power 
is it consuming? 

This calculation is perfectly straightfor- 
ward, once the setup has been properly made. 

2) A resistor has a resistance of five thou- 
sand ohms and is passing a current of forty 
milliamperes. How many watts is it dissi- 
pating? 

We remember that to "square" a number, 
we multiply it by itself. So: 

4x10 4x10 4x4x5 

P = (amps)2 x ohms = 
1000 

x 1000 
x 5 x 1000 = 

12 

10 2 

16 
P = - = 8 watts. 

2 

3) A lamp has an operating resistance of 

200 ohms and operates across a 220 -volt line. 
How many watts does it consume? 

(volts)2 2.2x100x2.2x100 
P= - - 

ohms 2x100. 

1.1 x 2.2 x 100 = 240 watts. 

Note carefully that the principle involved 
in each case is to break all large numbers up 
into smaller parts, or "factors." Very often 
these factors may then be divided -out or 
"canceled," leaving only small numbers to 

arithmetize. This is possible because most 
scientific calculations involve primarily mul- 
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tiplication and division. Ordinary, old-fash- 
ioned arithmetic, on the other hand, is built 
around business calculations, which empha- 
size addition and subtraction. By making use 
of the approach which best fits the work to be 
done, we may often make things considerably 
simpler as we have already shown. Rounding 
off excess figures is also a big help. 

Sometimes, however, we run into a prob- 
lem wherein both addition, multiplication, 
and division are involved in the same for- 
mula. Such is the case when we wish to find 

the overall resistance of a pair of parallel 
resistors. Here we may use the same methods 
we have been using, but we must observe a 

precaution. Whenever we have numbers with 
plus or minus signs between them, and we 
wish to simplify, these by "factoring," as we 

have done, we must remove the same factor 
or factors from all numbers alike. Otherwise 
we will get into serious trouble. 

An example will clarify this. But first, let 
us see the formula we will use: 

R, x R2 

o- 
R, + R2 

Ro- 

Here Ro is the overall resistance of the 
parallel circuit, R1 and R2 are the resistance 
values of the units to be paralleled. All are in 

ohms, of course. 
For the example, let's assume that we have 

a 20000- and a 30000 -ohm resistor connected 
in parallel. What will be the resistance of the 
combination? To set this up, let us "factor 
out" 10000 from each value, as we substitute 
it into the formula: 

2x10000x3x10000 
10000 - 2x3 

R. = 
(2x10000) + (3x10000) 2 +3 

6 

10000 j - = 1.2 x 10000 
5 

So -R0 = 1 000 ohms. 

Or take another case, where the resistors 
to be paralleled are not of the same order of 

magnitude, say 2500 ohms and 30000 ohms. 
Although we cannot conveniently take 10000 

out of each of these, we can take out a 1000. 

then: 
2.5x10000x30x1000 

R = 
(2.5x10000) + (30x1000) 

1000 
2.5 x 30 ' 1000 

{2.5+30f (32.51 

R. = 2.3 x 1000 = 2300 ohms. 

Inductive Reactance: So far we have been 
concerned with some of those general calcula- 
tions which apply to both do and ac circuits, 
where resistance is present. But there are a 

number of specific ac calculations which ap- 
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pear often enough in practical electronics to be worth our attention. The calculation of in- ductive reactance is one of these. Inductive 
reactance is the impedance offered by an in- ductor coil to the flow of an ac current. The formula for inductive reactance is: 
XL = 6.28f L, (or XL = 2T fl) 

Where XL is the inductive reactance, in ohms; f is the frequency of the ac current, in cycles per second, and L is the inductance 
of the coil, in henrys. For some calculations, 
whether either the inductance of the coil or the frequency is not know accurately, 6.3, or just plain 6 may be used intead of 6.28. 

To show the use of this formula, let us find the reactance of a two -henry inductor coil 
at 60 cycles/sec.: 
XL =6.3x6x10x2 =13x6x10 =78x10 =780ohms. 
Here we round off 6.28 to 6.3, and are there- fore justified in calling 12.6 approximately 13. By so doing, we accrue an error of about three percent. This is usually well within the tolerance limits of most mass -production iron 
core inductor coils, so we do not become dis- turbed. 

If we wish to use this formula at the higher frequencies, it works equally well if we let L be given in microhenry's (millionths of a henry), as high-frenquency tuning coils and 
R.F. chokes often are, and if we let f be given in megacycles. For instance, let's find 
the reactance of a 10 microhenry coil/at a frequency of 7 mc:! 
XL =6.3f1. =6.3x7x10 44 x 10 =440ohms. 

Capacitive Reactance: Like inductors, 
capacitors also have reactance, they also tend 
to oppose the flow of ac current through 
them. And the formula for capacitive react- 
ance is: 

15.9x10000 
Xc = 

fC 

Where X0 is the capacitive reactance, in ohms; f is the frequency, in cycles per second; and C is the capacitance of the capacitor, in microfarads. In some calculations, 15.9 may 
be called 16 without to much error. Let's find the reactance of a two microfarad capacitor 
at 60 cycles, just to show how this goes: 

15.9x10000 15.9 

Xc 6x10x2 12 
x 1000 = 1330 ohms. 

As with the inductive reactance formula, 
this one also works if one uses micro -micro - farads and megacycles, instead of microfarads 
and cycles. Since the technique of solving it 
is the same, we'll not bother with an example 
this time. 

Resonant Frequency: Finally, a problem 
which always seems to bother begining elec- 

114 

tronics experimenters is the calculation of the resonant frequency of an inductor -capacitor 
capacitor tuned circuit, that frequency which is either strongly accepted or rejected by the circuit. This is not because such calculations are hard. They're not, if you know how to 
go about them. For one thing, many experi- menters try to use the original, theoretical formula for making this calculation. Since this involves the unwieldy units (usually), 
of farads, henrys, and cycles, a drastic deci- malpoint error nearly always results. Let's dodge that trouble right away by using a formula that's designed to produce answers. 
This formula is: 

159 
f 

N/LC 

where f is the resonant frequency, in mega- 
cycles/second; L is the inductance of the coil, in microhenrys; and C is the capacitance, in micro-microfarads. Unfortunately, no matter how hard we try, we cannot get rid of that square root sign in the denominator; it's built into the system, it seems. But almost any engineering or mathematics handbook 
has a table of squares and square roots in 
it, or (even better) you can get a square root from the cheapest slide rule in a second or two. So there's no need to review that ob- solescent nightmare of finding square root by the "long method," you despised so much back in school. Let that rest in peace. 

Assuming that slide rule of a table is at hand, let us solve a typical resonant fre- 
quency problem, and see how easy it goes. 
Suppose we have a 10 micro -henry coil and a 
50 micro-microfarad capacitor. At what fre- quency will such a combination be resonant? Let's set it up, and see: 

159 159 159 15.9 f=- -- 
-VLC -V500 5x10 5 

From tables, or slide rule; 
5 =2.24 

15.9 
So: f = - = 7.1 megacycles/sec. 

2.24 

Now that wasn't hard, was it? But you'd be surprised how many practical electronics men would rather take a beating than tackle a resonant frequency calculation. It's all in knowing how, my friend. Now you know how. You've now found out how easy it is to make many of the common numerical cal- culations that elecyronics experimenters 
often would find convenient, but have pre- 
viously shied -away from in pure animal fear. 
And there are many, many more practical 
and usable calculations which you can make 
by using the same basic techniques. All you 
need it a little ingenuity, and a little "heart" 



Rectification, Filtering, and Detection 

ALTERNATING current, usually used 
for commercial power, is bi-directional, 
yet most electronic equipment operates 

from direct current, which is uni -directional. 
The most common method of changing alter- 
nating current (ac) to direct current (dc) is 
by rectification. 

It can be seen that, if we find a device 
that will only pass current in one direction, 
and feed ac into it, the output will be dc, 
since it will pass current only during the 
time the input current is moving in one di- 
rection. A diode tube is such a device, as are 
selenium and silicon rectifiers. 

Electron Flow. If a diode tube is connected 
as in Fig. 1, electrons would flow from the 
heater to the plate, since the plate is positive 
in respect to the negative electrons (from the 
heater), and unlike charges attract. If we 
made the plate negative, no current would 
flow, since the negatively -charged electrons 
would be repelled by the like negative charge 
on the plate. The amount of electron flow 
(or current) would depend on the amount of 
positive plate voltage, as set by R. The more 

MA 

MA 

V 

positive the plate is, the more current flows, 
as shown by the graph in Fig. 1. 

At some point, however, the current stops 
increasing as the plate voltage increases. This 
is known as the saturation point, at which 
all electrons that leave the heater reach the 
plate. The current can then be increased 
only by increasing the amount of electrons 
available from the heater. 

A Simple Form of Rectifier can be made 
by connecting a diode as in Fig. 2 (assuming 
the cathode is heated by a filament not 
shown). When, on the input side, point "A" 
is positive and "B" negative, the plate is posi- 
tive in respect to the cathode, and electrons 
flow as indicated by the arrows. 

On the next half -cycle however, point "A" 
is negative and "B" is positive. During this 
half -cycle the plate is negative in respect to 
the cathode, and no current flows. The output 
is then a fluctuating direct current that flows 
only on alternate half -cycles, as shown in Fig. 
2, giving us a dc output from an ac input. 

Since the rectifier in Fig. 2 passes current 
only on alternate half -cycles, or half of the 

FIG.2 

INPUT 

OUTPUT- 

DC 

VOLTAGE 
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Circuit Principles That Are Involved 

in Virtually All Electronic Circuits 

time, it is called a half -wave rectifier. If a 
center -tapped input is available, two half - 
wave rectifiers can be connected in series, as 
shown in Fig. 3. 

Half -Cycle Changes. In This Circuit, "A" 
is positive, and "C" is negative on half of the 
cycle. The midpoint of the input, "B" is nega- 
tive in respect to "A," and positive in respect 
to "C." Since both tube cathodes are con- 
nected to the midpoint through the load, the 
plate of V, (connected to "A") will be posi- 
tive to its cathode (connected to "B" through 
the load) one one half -cycle. Current will 
then flow from V, cathode to the plate, to "A," 
to "B," and through the load back to V, cath- 
ode (solid arrows). During this half -cycle, 
"C" (connected to V, plate) is negative in 
respect to its cathode, and current does not 
flow through V,. 

On the next half -cycle, however, the situa- 
tion is reversed. "C" becomes positive in re- 
spect to "B," and current flows through V2, 
from cathode to plate, to "C," to `B," and 
through the load back to V, cathode (dotted 
arrows). So one tube conducts during one 

FIG.3 
OUTPUT 

INPUT 

Ari 

V2 

TUBE CONDUCTING) 

VI V2 VI V2 VI V2 

half -cycle, and the other conducts during the other half -cycle. Since the system has current 
flowing during the entire cycle, it is called a full -wave rectifier. In practice, usually both 
plates are in one tube with a single cathode, 
called a full -wave rectifier tube. 

Diode tubes, semi -conductor diodes, or 
chemical surfaces (selenium, copper oxide, 
etc.) which pass current in only one direction 
can be used for these rectifiers. Regardless 
of which is used, care must be taken in se- 
lecting the proper design for the voltage and 
current involved. 

Peak Inverse Voltage. Figure 2 shows 
that the maximum voltage is across the tube 
when it is not conducting. At this point the 
cathode is at peak positive voltage in respect 
to the plate. This is called the peak inverse 
voltage, and is 1.41 times the "Root Mean 
Squared" (rips) input voltage (which is what 
most meters read, and how transformers are 
rated). The maximum allowable peak in- 
verse voltage is included in rectifier specifi- 
cations, and should not be exceeded. 

In the full -wave rectifier (Fig. 3), the peak 

A 

OUTPUT 
DI -D4 DI -D4 DI -D4 

02-03 D2 -D3 D2 -D3 

(SHOWING DIODES CONDUCTING) 
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inverse voltage is related to the rms voltage 
on each side of the center -tap, since the cir- 
cuit is essentially two half -wave rectifier cir- 
cuits in series. 

Rectifiers can also be placed in series or 
parallel to get greater current or voltage ca- 
pacity. Tubes are often connected in parallel 
to increase current capacity. Fig. 4 shows 
how a series connection in bridge fashion can 
increase output voltage without increasing 
supply voltage or rectifier capacity. The dia- 
gram shows silicon diodes, but vacuum diodes 
could be used if theré were separate filament 
supplies (one for D, and D,, and one for D. 
and D,). This is necessary due to the differ- 
ent potentials across the diodes at different 
times of the cycle. 

In the Full -Wave Rectifier (Fig. 3), the 
voltage output was essentially equal to the 
voltage between "A" and "B," or "C" and 
"B," or half the transformer secondary volt- 
age. 

Suppose we use that same transformer in 
the full -wave bridge rectifier circuit shown in 
Fig. 4? When "A" is positive, current would 
flow through D, to "A," through the trans- 
former to "C," through D,, through the load 
and back to D, (solid arrows). On the other 
half -cycle, when "C" was positive, current 
would flow through D, to "C," through the 
transformer to "A," through D2, through the 

load and back to D, (dotted arrows). 
We would then have current flowing dur- 

ing both half -cycles, and the output voltage 
would be essentially equal to the full trans- 
former voltage, between "A" and "C." At 
the same time, the peak inverse ratings of the 
rectifiers need be no higher than the ones 
used in the full -wave circuit (Fig. 3), since 
the diodes are connected in series for each 
half -cycle. 

Rectifiers are also used in voltage -multi- 
plier circuits. In these, a rectifier and capaci- 
tor work together to change the voltage to 
dc and increase it in value. Fig. 5 shows a 
rectifier -doubler or voltage doubler. 

When "A" is positive, D, will conduct, and 
charge C, to the peak value of the input volt- 
age. When "B" is positive (and "A" is nega- 
tive), D2 will conduct, and charge capacitor 
C2 to peak input voltage. Since the capacitors 
are each charged to the peak value of the in- 
put voltage, and since they are in series, the 
output voltage will be twice the peak value of 
the input voltage. However, since any cur- 
rent drawn by the load tends to discharge C, 
while C2 is charging (and vice-versa), the 
output voltage drops rapidly under load. To 
minimize this, large capacity condensers (4.) 

mfd. to 100 mfd.) are usually used in this type 
of circuit. 

Obviously, the peak inverse voltage rating 
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Common rectifiers include vacuum and gas tube types as well as solid state and chemically coated devices. 

of rectifiers used in doublers must be high. 
When one diode is not conducting, the reverse 
voltage impressed across it is the peak supply 
voltage, plus the voltage to which one capaci- 
tor has been charged. The safe peak inverse 
value to use is therefore 2.82 times the rms 
supply voltage. 

Voltage Multipliers. By placing two or 
more of these circuits in series, or combining 
one of them with a standard half- or full -wave 
rectifier, various amounts of voltage multipli- 
cation can be secured. There are tripler, 
quadrupler, etc., circuits, even up to eight 
times the input voltage. 

In vacuum tube and selenium rectifiers, 
output voltage under load is reduced by the 
voltage drop in the tube or rectifier. This 
voltage drop increases as the current in- 
creases, since these rectifiers can be consid- 
ered as fixed resistances. This loss can be 
overcome by using a gas -filled rectifier tube, 
or silicon rectifier, both of which have a rela- 
tively constant voltage drop, regardless of 
current. Fig. 6 shows the comparative volt- 
age drop, related to current, between a vac- 
uum rectifier tube (such as a 5U4), and a gas 
rectifier (such as an 83). 

Gas -filled rectifiers usually contain mer- 
cury vapor. When the electrons within the 
tube reach a sufficient speed (as current 
starts to flow), they tear other electrons off 

the mercury atoms as they hit them. The 
gas then becomes "ionized," and furnishes 
additional electrons, which tends to reduce 
the resistance of the tube. As more current 
flows, there are more collisions and more ad- 
ditional electrons furnished. The result is 
that the tube resistance tends to decrease as 
current increases, causing a fairly constant 
voltage drop in the tube. 

The nature of silicon rectifiers is somewhat 
similar in that the voltage drop is relatively 
constant. To date, however, silicon rectifiers 
with high voltage and high current capabili- 
ties are somewhat expensive. 

Up to now all of the dc voltages we have 
seen have been fluctuating. This ripple, or ac 
component, must be removed, or there would 
be hum in the output. This is done by filter- 
ing. In Fig. 7, we have taken the output of 
the Fig. 2 circuit, and inserted a large capaci- 
tor across it, between the rectifier and the 
load. 

The original output consisted of half - 
cycles of voltage which rose from zero to 
peak. and back to zero, followed by a non- 
conducting half -cycle. With the capacitor in 
the circuit, however, the voltage does not 
drop to zero, but tends to level off. 

On the conducting half -cycle, the capacitor 
first charges up to peak voltage, and then, as 
the supply voltage begins to decline, the ca - 
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pacitor starts discharging. It continues to 
discharge through the non -conducting half - 
cycle, but cannot completely discharge before 
the start of the next conducting half -cycle. 
On this half -cycle, it again charges to peak 
voltage, and the procedure is repeated. This 
results in the more constant voltage output 
shown at the right of Fig. 7. The shaded 
areas indicate the charging time of the ca- 
pacitor, and the dotted line indicates the 
average output voltage, as related tó the 
peak condenser voltage and the lowest volt- 
age to which it can discharge. 

A large capacitor must be used. It can- 
not completely discharge during the second 
half of the conducting cycle, and all through 
the non -conducting cycle. It also is apparent 
that, with a given size capacitor, filtering ac- 
tion would be better in a full -wave rectifier 
(Figs. 3 and 4), since there would be less 
time for the capacitor to discharge. 

In actual practice, filter circuits usually 
take the form shown in Fig. 8. The most com- 
mon circuit, a capacitor input filter, is shown 
in Fig. 8A. Here C, removes most of the 
ripple, as outlined above. The choke L, has 
a high inductance to ac and it, with capacitor 
C,, smooths the output even more. 

Fig. 8B and C are one- and two -section 
choke input filters. Here the choke greatly 
reduces the amount of ripple that gets to 
capacitor C,, minimizing the compensation re- 
quired of it during discharge time. In Fig. 
8C, an additional choke (L,) and condenser 
(C,) further smooth out the ripple. They 
act essentially as L, and C, in Fig. 8A. 

If the load current is high, it can be seen 
that the capacitor in Fig. 7 (or 8A) would dis- 
charge very rapidly, and the average voltage 
output would fall. For this reason, the volt- 
age regulation of capacitor input filters (Fig. 
8A) is poor, with the output voltage decreas- 
ing as the load current increases. In the choke 
input filter (Figs. 8B and C), the ripple, or 
fluctuation across the first capacitor is fairly 
slight, and the voltage can fall less during 
the discharge cycle. High load currents there- 
fore have less effect on output voltage, and 
regulation is better. Due to this improved 
regulation, choke input filters are usually 
used where there is to be a wide variation 
in load current. 

Rectification Principles are used for cir- 
cuits other than power supplies in electronic 
work. Perhaps the most common circuit is in 
detection. This is the process of separating 
two alternating voltages, one at radio fre- 
quency and one at audio frequency. 

In Fig. 9, our input is a modulated RF wave, 
and when "A" is positive, the input is recti- 
fied by D similar to the half -wave rectifica- 
tion in Fig. 2. A rectified half -wave output 
then appears across the load resistor, R,, and 
capacitor C, then removes the "ripple" from 

this output. In this case, the size of C, is 
selected so that it can discharge very little at 
the very high radio frequency rate, but can 
easily charge and discharge at the relatively 
low audio frequency rate. The voltage across 
in then filters out the radio frequency varia- 
tions, but follows the audio frequency varia- 
tions. 

This output (shown at right of C,) is still 
dc, always being positive. Placing C, in series 
with the output corrects this. As long as the 
voltage across C, is increasing, C, is charging. 
But the instant that the voltage across C, 
starts to decrease, C, starts discharging, the 
two actions resulting in the ac waveform 
shown below C,. This ac voltage is then am- 
plified for earphones or loud speaker. 

Detection can also be done by triode 
tubes. In this case, the grid is biased so the 
tube is cut off and cannot conduct during 
negative half -cycles, giving the same output 
as diode D,. Another method which gives 
similar results is to utilize the non-linear 
part of the tube's characteristic curve. 

Detection is also used in listening to code, 
or CW. Here information is sent by breaking 
the radio frequency signal, which is above 
audible range. To enable operators to hear 
the breaks in the R.F. signal, hetrodyne de- 
tection is used. A constant internal R.F. sig- 
nal is "beat" against the interrupted R.F. code 
signal. 

Suppose a station is sending code by break- 
ing its 1000 -kilocycle signal. If we have a 
1001 kc oscillator in our receiver, and mix it 
with the incoming 1000 kc signal, we will get 
a "beat" note of 1000 cycles, or the difference 
between the two. This "beat" note can be 
heard readily. 

The "beat" note will only exist when the 
station has the key depressed, and sending 
a signal. When the key is open, and the sta- 
tion is not transmitting, our 1001 kc oscillator 
is still working, but has nothing to beat 
against, and we hear nothing. When the key 
is pressed, and the station sends out its 1000 
kc signal, the "beat" note is produced, and we 
can hear the dots and dashes. 

While there are certainly other circuits 
which are used in electronic equipment, these 
circuits are equally important certainly. How- 
ever, the principles of rectification, filtering 
and detection are fundamental. Stress is al- 
ways applied to amplifiers and oscillators, 
while these basic circuits outlined here go 
begging. 

As you can see, rectifiers, filters and de- 
tectors are closely related to each other, and 
to a great extent are inter -dependent. These 
basic circuits are the root of many electronic 
equipment that we know as part of our every- 
day lives. . . . Perhaps now we can under- 
stand and appreciate the design considera- 
tions that went into bringing these benefits. 
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Learn By Doodling By ROBERT W. LUEBKE 

HERE'S an easy way to test your knowl- 
edge of amateur radio circuits. The six 
circuits given on these two pages are 

some of those you'll find it essential to know 
about when working toward an Amateur Ra- 
dio Operator's General Class license. We pub- 
lish them by special permission of The Amer- 
ican Radio Relay League, publishers of the 
Radio Amateur's License Manual. 

The connecting wires have been removed, 
but all the components are shown. Cover the 

1. Draw a schematic dia- 
gram of a full -wave single- 
phase power supply using a 
center -tapped high -voltage 
secondary with a filter cir- 
cuit for best regulation, 
showing a bleeder resistor 
providing two different out- 
put voltages and a method 
of suppressing "hash" inter- 
ference from the mercury- 
vapor rectifier tubes. Give 
the names of the component 
parts and approximate val- 
ues of filter components suit- 
able for either amateur 
radiotelephone or radiotele- 
graph operation. 

o 

o 
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0 00 o o 
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T 

3. Draw a simple sche- 
matic diagram of a piezo- 
electric t rystal-controlled os- 
cillator using a pentode vac- 
uum tube, indicating polarity 
of electrode supply voltages 
where externally connected. 

outlines on these pages with onion -skin or 
any other translucent paper and "doodle" in 
the missing connecting lines. Check your 
doodling for errors by comparing with the 
complete circuit diagrams on page 94. 

If you find your first doodle in error, study 
the circuit carefully and try again. Use a new 
sheet of paper each time rather than doodling 
directly on these pages. Soon you will be 
able to draw the entire circuit without using 
the outline at all. 

2. Draw a simple sche- 
matic diagram of a plate - 
neutralized final RF stage 
using a triode tube coupled 
to a Hertzian antenna, show- 
ing the antenna system and 
a Faraday screen to reduce 
harmonic radiation. 

o o 

o 

o 

o 

o 
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1. Draw a simple sche- 
matic diagram of a half - 
wave rectifier with a filter 
which will furnish pure dc 
at highest voltage output, 
showing filter capacitors of 
unequal capacitance con- 
nected in series, with provi- 
sion for equalizing the dc 
drop across the different ca- 
pacitors. 
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6. Draw a simple schematic diagram of two RF amplifier stages 
using triode tubes, showing the neutralizing circuits, link coupling be- 
tween stages and between output and antenna system, and a keying 
connection in the negative high -voltage lead including a key -click filter. 

o 

O 

o 

5. Draw a schematic dia- 
gram of a pentode audio 
power -amplifier stage with 
an output coupling trans- 
former and load resistor, 
showing suitable instruments 
connected in the secondary 
for measurement of the au- 
dio -frequency voltage and 
current, and naming each 
component part. 
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How Short Wave Works 
By C. M. STANBURY, II 

SHORT waves, unlike other radio signals, 
readily reach out to distant points. In 
fact when conditions are right, such a 

station can be heard around the world. Why? 
With a dropping sunspot count, the range 

of usable frequencies will narrow but rare 
DX (distance) will improve. Again, why? 

These are questions every SWL (short 
wave listener) should be able to answer. If 
you can't, keep reading. 
. The Ionosphere: All reception beyond 100 
miles on frequencies below 30 me depends 
upon the Ionosphere, that region of gasses 
between 50 and 200 miles above the Earth. 
The Ionosphere is bombarded by ultraviolet 
radiation from the Sun which produce ionized 
layers. Speaking loosely, these layers "re- 
flect" radio signals back to, and around the 
curvature of the Earth. Actually the process 
is not reflection at all but, as shown in Fig. 
2, refraction. When a wave encounters in- 
creased ion'density at the layer's lower limit, 
it is bent. Bending increases as the signal 
travels further into the layer. If bent enough, 
it will be returned to Earth and give the ap- 
pearance of reflection. If however our signal 
reaches the height of maximum ion density 
in this particular layer without being bent to 
Earth, the bending process is then reversed 
and it will emerge from the top of the layer 
travelling in approximately the direction as 
when it entered. So for all practical purposes 
that term reflection is satisfactory and we'll 
stick with it. 

Now, as shown in Fig. 1, the ionosphere 
consists of four layers. The F2 layer is at the 
top and is most highly ionized. Ionization de- 
creases with each descending layer. Needless 
to say, the greater the ionization the more a 
wave will be bent. Also (Fig. 1), the more 
obliquely it enters a layer, the less bending 
is required. Obliqueness, i.e. the angle of in- 
cidence, is dependent upon the hop length. 
The longer your hop, the lower your angle 
of incidence and the less bending required. 
Look at the diagram carefully and you'll see 
what we mean. And when you do, you'll 
understand why a nearby signal may pass 
through all the layers of the ionosphere while 
a station farther away is reflected and heard. 
Incidentally, maximum hop length is limited 
by the curvature of the Earth, height of layer 

and geometry. When this limit is exceeded, 
more than one hop is required (Wave B in 
Fig. 3) . 

At night our view of the Ionosphere 
changes, The D "Region" (which we'll discuss 
in a moment) disappears while the Fl and F2 
layers combine. 

Absorption and Frequency: Disappear- 
ance of the D Region is particularly fortunate 
for distant reception. Because of its low alti- 
tude and unusual shape, the D Region does 
not reflect radio signals but instead "Absorbs" 
them. 

In each layer there is some collision be- 
tween ions. If an ion carrying (propagating) 
a tiny portion of the radio signal collides with 
another ion, that bit of energy is lost and the 
overall signal weakened. This process is ab- 
sorption. It increases with ionization and 
with atmospheric pressure thus is worst at 
low altitudes and almost nil in the rarified 
F layers. Incidentally, if it were not for this 
collisional process, layers would not disap- 
pear nor even diminish at night. 

Up until now, we have discussed two fac- 
tors which determine the effect of ionization 
upon a radio signal-height of layer and an- 
gle of incidence (obliqueness). But there is 
a third, even more important, frequency. The 
higher the frequency the less it is effected by 
ionization. If a frequency is high enough it 
will escape absorption but if it is too high, the 
radio signal will not be reflected back to 
Earth, not even by the F2 Layer. Between 
these two extremes lies a range of "Optimum 
Working Frequencies" (OWF), a range of 
channels best for reception from a given area. 

Which brings us back to that first question 
-Why are short waves readily heard at dis- 
tant points? Because no matter the amount 
of ionization, height of the reflecting layer 
or angle of incidence, the OWF always falls 
within the realm of short wave. Of course 
just where it falls between 3 and 30 me does 
depend upon other factors. 

Cycles, the Sun and Sunspots: As both 
reflection and absorption are controlled by 
Ionization, those forces of nature which regu- 
late this process are very important to the 
listener. As we've already told you, ioniza- 
tion is produced by ultra violet radiation from 
the sun and is therefore greatest a little past 

124 



WAVE B 

0 REGION \ "0A'sy 

iii EARTH \ \ 
T .....,., ...-HOP LENGTH- ..,; 

Fig. 2: Radio waves in 
an ionized layer. 

midday and least just prior to sunrise. Logi- 
cally it should also be at a higher level in 
summer than winter. This is true for all 
layers except the F2 which for some myste- 
rious reason reaches a peak for brief periods 
around 1400 local time during winter. 

Ultra violet radiation also varies with the 
number of spots on the sun due probably 
not to the sunspots themselves but because 
of related phenomena on the solar surface. 
Sunspots follow a regular 11 -year cycle. At 
its maximum, frequencies all the way up to 
30 me are reflected while channels below 7 

me are severely impaired by absorption even 
at night. 

We are currently approaching a low in the 
cycle. Frequencies above 18 me are now 
seldom useful but reception below 7 me is 
tremendously improved. Generally speaking, 
the OWF range will be narrower resulting 
in crowding together of stations and a sharp 
rise in interference. But because the most 
revealing listening and rarest DX lies at the 

WORN 

Fig. 1: Wave "A" requires too much bending to 
be returned to Earth by the E -Layer. The F-2 

Layer, where ionization is greater, does the trick, 
effectively reflecting the signal. As wave "B" hits 
the E -Layer at a lower angle of incidence, it re- 
quires less bending and is therefore easily re- 
flected by the E -Layer. (1= -Angle of Incidence) 

Fig. 3: This station is transmitting on two fre- 
quencies, A and B. A is the higher frequency 
which passes through the E -Layer where it is 

partially absorbed before being reflected back to 
Earth. Frequency B is reflected by the E -Layer 
and therefore suffers little in the way of absorp- 
tion. It does suffer however, as it requires two 
hops. The strength of the received signals de- 
pends on what happens at point "M". SW Any- 

one? 

bottom of Short Wave, listening potential will 
be improved, especially on those nights when 
summer static is not too bad. Unfortunately, 
atmospheric static does not vary with the 
sunspot count. 

We've answered that second question! 

Salvaging Worn Radio-TV Control 
When a volume, 

tone, or other radio - 
TV variable resist- 
ance control be- 

GOOD 
comes worn and PORTION 

gives spotty opera- 
tion that can't be I SLIDE CONTACT 

eliminated with con- A' 
trol cleaner, try re- n VOLUME 

versing the two out- REVERSE CONTROL WIRES 
er wire connections 
(see sketch). This will put the operating 
range of the control on the least -used portion 
that is still serviceable and salvage the con- 
trol for satisfactory use.-JoHN A. COMSTOCK. 

RESISTANCE / ELEMENT 
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ALL of the radio schools recognize the value of actual laboratory practice. Know- 
ing what soldering is and how it works is only half the story. The rest of the 

job is knowing how to solder. You can learn this caîy by actually using the tools and 
doing the job. 

Here are some simple, interesting projects that you can build in your spare time 
to help familiarize you with laboratory practices. All you have to do is apply the 
knowledge gleaned from the foregoing pages, and in short order, you can assemble 
from parts, all of the devices shown. In addition to having the completed project 
for your own use, you will have gained a big extra ... The practical knowledge of 
the use of tools, the familiarity and ease that marks +he "pro," and more important, 
you will have assimilated a new knowledge. This will serve you very well when you 
read other technical publications, and help you to understand the workings and involve- 
ment of the familiar electronic equipment that surrounds you. 
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Surge Resistor 
When a television or radio set quits, it's most probably a 

bad tube. The trouble with bad tubes is usually a filament 

By HARRIS EDWARD DARK 

MOST filament materials have a much 
higher conductivity when cold than 
when hot. The surge -strain on TV, hi- 

fi and radio tubes is greatest during the first 
few milliseconds following switch -on. For the 
same reason, old light bulbs usually burn out 
at the time they are turned on, rather than 
a few minutes later. 

When your picture -tube filament goes, 
you're in for some real expense. Because 
there are so many other tubes in a TV, it's 
worthwhile to protect them all from that high 
initial surge. 

Such protection is not only possible but 
easy to provide because of a very happy 
characteristic of carbon. This element's con- 
ductivity -temperature ratio is inverse to that 
of tungsten and most other metals: Carbon's 
resistance is greater when cold, less when hot. 

A carbon conductor in the ac line makes 
a good surge resistor, one that can double or 
triple the life of tubes that must be switched 
on and off frequently. The positive electrode 
from an old dry cell is ideal for this applica- 
tion (Fig. 1). 

Crush an old flashlight battery carefully 
with pliers or a vise. Remove the carbon. 
Make five or six cross -cuts with a hacksaw, 
each about three -fourths of the way through 
the carbon (to increase the carbon's resist- 
ance). To each end, attach a tube cap or 
other suitable clamping device (you can't 

FEMALE PLUG 

BOTTLE CAP 

SOLDER HERE 

Fig. 1: The surge resistor takes the heavy current 
load caused by turning electronic gear on and off. 

solder to carbon). 
Housing: The carbon should be housed in 

a glass pill tube or something similar, rather 
than being merely wrapped with tape, be- 
cause its temperature will rise 100 to 200 
degrees in operation, depending on the TV's 
current draw. 

Next, connect (preferably by soldering) 
the carbon into one side of the duplex line 
supplying the TV set, or insert it into one 
side of an extension cord (Fig. 2). Provide 
only one outlet, because if the carbon is al- 
ready warmed by supplying another appli- 
ance, it will not have the desired surge re- 
sistance when a second power consumer is 
turned on. 

SURGE RESISTOR 

CARBON FROM DRY CELL, 
WITH 5 OR 6 HACKSAW CUTS 
TO REDUCE CONDUCTIVITY 

FIG. 2 - SCHEMATIC DIAGRAM 

L -MALE PLUG 

PILL BOTTLE (GLASS) 

TUBE CAP (OR OTHER 
SUITABLE CLAMP) 
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PARTS group right on the power transistor. This handy handful takes up little room, does big job. 

Power Amplifier Module 

Did you ever wish you had a small, inexpensive amplifier so you 

could try out those little signal circuits that need some boost? 

By FRANK WOODS, JR. 

THE power output capability here depends 
on the voltage supply, the amount of heat 
sink provided, and the value of resistor 

R4 (Fig. 2). The flexibility of the amplifier 
module becomes apparent later on. 

Construction: Construct the amplifier on 
the output power transistor Q3. Make con- 
nections by twisting component pigtails to- 
gether and soldering. Some of the pigtails are 
insulated with spaghetti. 

Wire Q2, R4, and Q3 together as a first 
step. Connect end of R4 to the case of Q3 
with a nut and bolt. Connect the other end 
of R4 temporarily su that you can change to 
another value later if necessary. Proceed 
with the remainder of the soldering and wir- 
ing, using Figures 1 through 3 for guidance. 
Go easy with the soldering heat on transistor 
connections. 

Punch two holes in each end of the case 

with a hot ice pick. Place the amplifier in 
the plastic case. 

The variables: The amplifier is ready to 
use with a 6 -volt power supply and an 8 -ohm 
speaker or a 3 -volt power supply and a 3.2 - 
Ohm speaker in the connection arrangement. 
The arrangement with a 6 -volt power supply 
may also be used without changing the value 
of R4. The power output capability is around 
1/4 watt with these arrangements. 

To use an 8 -ohm speaker in the direct con- 
nection with 3 volts or any speaker with the 
transformer connection and 3 volts of power 
supply, you may have to lower the value of 
R4 to 390K. In any event, check the case 
temperature of Q3 with your finger. I f, after 
a few minutes of operation, the case becomes 
too hot to touch, the value of R4 should be 
increased. 

To operate the module at higher power out - 
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Fig. 1: Fitted into a miniature plastic case, the unit is in- 
sulated from other equipment, presents nice appearance. 

01,02 

B 

03 SCHEMATIC 

FIG. 2 

BATT. 

put capability, transistor Q3 requires heat 
sinking and ventilation, and the value of R4 
must be lowered. Use a 6 -volt power supply. 
One simple heat sink approach is to use long 
bolts through the mounting holes on Q3 and 
to fasten several nuts to each of the bolts. 
Another approach is to bolt radiating fins 
made of sheet metal to Q3. In any event, be 
careful not to short portions of the circuit 
with the heat sink attachments. Then, with 
a current meter connected in one of the bat- 
tery supply leads, select a value of R4 that 
makes the current rise to about 0.4 ampere. 
Watch the current closely. If it tends to con- 
tinue to rise after the connection is made, 
disconnect the power supply and increase 
the amount of heat sinking. 

Use: Figure 3 shows the amplifier module 
hooked up with a volume control for general 
purpose use as a phono amplifier, PA ampli - 

PHONO 
INPUT 5K VOLUME 

I /CONTROL 

MODULE 

III 

POWER 
SUPPLY 

FIG. 3 

{SWITCH 

MATERIALS LIST-POWER AMPLIFIER MODULE 

Desig. Size and Description 

R2 470 Ohms, 1/2 Watt Resistor 
R3 2.7 K, 1 Watt Resistor 
Rl, R4 470 K, 1/2 Watt Resistor (see text on R4) 

Cl, C3 8 mfd., 6 v. Ultraminiature Electrolytic 
Capacitor (Lafayette CF -102) 

C2 100 mfd., 6 v. Ultraminiature Electrolytic 
Capacitor (Lafayette CF -106) 

01, Q2 2N1381 Transistor (TI) 
Q3 2N307 Transistor (Sylvania or RCA) 

15iá x 21/a x 1 inch Plastic Case (Lafayette 
MS -156) 

Parts Source: Lafayette Radio 
111 Jericho Turnpike, Syosset, L. 1., N. Y. 

fier, signal tracer, etc. Another use for the 
amplifier is to raise the available power out- 
put from a transistor portable for picnic and 
beach party use. 

If you use two amplifier modules and 
speakers, you can operate stereo. The volume 
controls may be ganged or separate as you 
wish. 

This module can be used in any of the 
many applications for audio amplifiers. The 
power supply may be flashlight batteries, a 
6 -volt automobile battery, or an operated 
power supply with 6 volts output and a capa- 
bility of supplying 250 ma. for the higher 
power output arrangements. If you use a 
battery power supply, connect a 160 mfd., 6V. 
electrolytic capacitor across the power leads 
with correct polarity. 

You've probably thought of several appli- 
cations where this handy unit would serve 
you, so don't procrastinate ... start solder- 
ing! 
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TRANSMITTING 
LOOP 

PHONES 

i 

TRANSISTOR 
AMPLIFIER 

Did you ever attend a "silent" dancing party? The dancers wear 

earphones and only they hear the music. The effect is eerie... 

By JOHN POTTER SHIELDS 

YES, you can hear loud and clear with 
no physical connection between your 

earphones and radio or hi-fi. What's more, 
you can hear when others cannot. The loop 
system is great for getting the sound from 
your television without interrupting grand- 
ma's nap. With loop listening a housewife 
can keep up with her chores while hearing 
her favorite programs without trailing 
wires and without having the radio or hi-fi 
blasting through the house. Here's how 
your loop system works and how to build 
it. 

In Operation, as the signals flow 

130 

through the transmitting coil, they gener- 
ate a magnetic field around the coil which 
varies in proportion with the currents. The 
field produced by the transmitting coil in- 
duces currents in the receiving coil which 
are a facsimile of the signals applied to the 
transmitting coil. These currents in the re- 
ceiving coil are applied directly to phones 
or an amplifier for further amplification. 
The action is exactly the same as a trans- 
former. 

For Maximum Range, the transmitting 
loop should be as large as possible and con- 
sist of many turns. To wind the coil, trace a 



OUTPUT 
TRANSFORMER 

SWITCH 

1. WIRE loop and speaker to select. 2. SCHEMATIC for transistor amplifier which boosts sound. 

line conforming to the desired overall di- 
mensions on your workbench. Drive 1 -in. 
nails equal distances around the marking 
to form a coil form. When the winding is 
completed, remove the coil from the form 
and secure its turns in place with tape. Re- 
move the insulation from the leads and 
attach them to a convenient length of 
ordinary "zip cord." 

Due to its low impedance, the transmit- 
ting loop is connected to the transformer 
terminals of the particular amplifier being 
used. Due to the low impedance of the out- 
put transformer secondary, #20 or heavier 
wire should be used to wind the transmit- 
ting loop. The coil should not consist of 
more than 50 turns. If you like, a S.P.D.T. 
switch can be included in the setup sat 
either the loop or speaker is connec t 
the output transformer. 

MATERIALS LIST-TRANSISTOR AMPLIFIER 
Rl 271< 
R2 180K 
R3 3.9K 
R4 6.8K 
R5 220K (Olson #R-50, /2 watt) 
R6 56 ohm 
R7 6.8K 
R8 68K 
R9 33 ohm 
Cl 25 mfd 15 volt miniature elec. cap. (Olson #C-872) 
C4 .002 cap. (Olson #C-307) 
Ti 500 ohm pri., 3.2 ohm sec. output transformer 
Ql 2N412 transistor 
Q2 2N1265 transistor 
Q3 2N1381 transistor 
1 S.P.S.T. rotary switch (Allied #34-B-080) 
1 battery holder and 3 pen -lite cells 
1 1 x 33/4 x 41/e" miniature aluminum chassis 
1 pc. 2% x 22332" un -clad peg board 
1 bag push -in terminals (Olson #HW-5) 
1 phone jack (Allied #41.H-642) 
1 phono jack (Allied #46-H-214) 
1 pr. headphones (Olson #PH -55) (4 ohms) or PH -10 

(4,000 ohms) 
1 1/2 lb. #20 enamel covered magnet wire (for trans- 

mitting loop) 
1 /4 lb. #30 enamel covered magnet wire (for re- 

ceiving loop) 

ELEMENTARY ELECTRONICS 

The Receiving Loop should be as large 
in diameter as possible. Since the receiving 
loop will normally work into medium to 
high impedance inputs, it should have as 
many turns as are practical as this will in- 
crease both its sensitivity and impedance 
match. As mentioned earlier, the receiving 
loop can be connected directly to a pair of 
phones for short range operation. The 
phones should have an impedance of be- 
tween 500 and 2,000 ohms. 

A self-contained amplifier can be used to 
considerably boost the operating range. 
With the transistor amplifier between the 
receiving loop and phones, the operating 
range was extended to about 20 feet. A five 
inch coil wound with 100 turns of #30 wire 
yielded an operating range of about 15 feet. 

The transistorized amplifier is straight- 
forward with the exception that a common 
base input stage is used rather than the 
more conventional common emitter con- 
figuration. This provides a better imped- 
ance match between the receiving coil and 
the amplifier's input. The output trans- 
former shown in the schematic matches the 
last transistor to the four ohm stereo 
phones. 

Placement of the receiving coil need not 
be a problem if a reasonably small loop is 
used. 

As Much Power As Possible should be 
used to drive the transmitting loop in order 
that the amount of amplification between 
the receiving loop and phones can be kept 
to a minimum. Excessive amplification at 
the receiving end can cause an objectional 
amount of hum and spurious noise. The 
ratio of the energy emitted to the sur- 
rounding radiation should be as high as 
possible. 
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One - 

Transistor 

Experimental 

Tuner 

By WALTER TEMCOR 

Our experimental one -transistor tuner picks up short wave 
broadcasts. With a broadcast coil it is red hot. Parts cost about $5 

WANT to experiment with transistor 
tuners? Here's a good starter. ,It's a 
superb performer on broadcast and 

will pick up short wave. Performance on short 
wave is limited, but it will get the high- 
powered Voice of America broadcasts, and 
on occasion you may pick up Moscow or 
London. The tuner is presented as a bread- 
board project that makes experimentation 
easy and keeps the cost down. The circuit is 
shown in Fig. 1. The unit is assembled on a 
miniature perforated board. Figures 2 and 
3 show top and bottom views. The clip leads 
connect to the coil, not shown. The two 
home-made short wave coils are shown in 
Fig. 4. The broadcast coil is a store-bought 
type. You can use any kind of amplifier that 
you have available in place of the amplifier 
shown in Fig. 5. 

Construction: Use Figs. 1, 2, and 3 for guid- 
ance in construction. Most of the connections 
are made with the component pigtails on the 
bottom of the perforated board. Note that the 
frame of tuning capacitor C2 connects to 
ground. The ground symbol in Fig. 1 refers 
to common connection to the ground bus and 
is used to maintain simplicity in the diagram. 

Rl is held in place by its connection in the 
circuit. This is a sensitivity control, and you 
simply adjust it for best performance. The 
setting may vary slightly with frequency, but 
in general it won't have to be readjusted 
very often. 
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Fig. 2: Top view of the tuner. Note that the potentiometer 
is supported to the mounting board only by its connections. 

Fig. 3: The under -chassis view shows the clip leads for 
coil connections. Using clip leads facilitates coil changing. 



Fig. 4: The coils, wound on ferrite with insulated wire. 

The coils are constructed on pieces of fer- 
rite rod. Use Fig. 4 and the data in the parts 
list for guidance. To break the ferrite rod 
clean, measure off the required length, scribe 
the break point with a shallow hack saw cut 
on one side, and break the rod at this point, 
using both hands with one thumb held op- 
posite the saw mark. The length of the ferrite 
cores is not critical. 

You may want to add battery and amplifier 
input lead extensions to the basic tuner board. 
The author made these connections directly 
to the amplifier and picked up battery power 
from the amplifier which uses a 9 -volt battery. 
It should be emphasized that any audio am- 
plifier may be used. You can even use the 
audio amplifier from a table model radio. 

Comments: The transistor is a 99 cent -er. 
The tuning circuit and biasing arrangement 
is conventional. The tuning circuit consisting 
of Ll and C2 receives the signal from the 
antenna through Cl. The coil connected to 
the clip leads and the setting of C2 determine 
the frequency which the tuner will receive. 
The signal passes through C3 to the base of 
Ql. C3 isolates the dc bias on the base of 
Ql from the tuning circuit ground. Base bias 
is provided via the resistor combination of 
Rl, R2, and R4. R2 limits the bias to safe 
ranges, regardless of Rl setting. R5 provides 
collector bias and is part of the Ql load. R6 
stabilizes Ql and C4 provides a bypass path 
for RF. Rl and C5 decouple the tuner from 
the auxiliary amplifier if you pull power from 
it, as the author did. 

The signal at the collector of Ql is RF. 
This signal is fed through C6 to the detector 
diode Dl and the associated resistors R7 and 
R8. The diode output is audio. The usual 
bypass capacitor across the output, is omitted 
because amplifier input capacitance generally 
provides the required bypassing like for free. 

The antenna requirement is 3 to 10 ft. for 

broadcast and about 50 ft. for short wave. 
You'll also need a ground for short wave. 

The amount of experimentation that can 
be performed is unlimited. You can try var- 
ious feedback schemes to improve sensitivity. 
You can experiment with the effects of the 
value of the collector load resistor R5 if you 
wish, and you can even try a coil as a load. 
The setting of Rl for best performance will 
vary somewhat with the value of R5. 

You can change different types of tran- 
sistors (stick to pnp) to determine effects 
on performance. You can try lower battery 
voltages. Again, the setting of Rl will be 
different. 

Experiment with the coils, too. You can 
decrease turns at top and bottom of the coils, 
or move turns closer together. You can try 
the circuit without the cores in the coils, and 
you can experiment with permeability tuning 
by moving the cores in and out of the coils. 

Fig. 5: The finished unit looks unfinished, but is actually 
shown hooked up with an amplifier and speaker. Battery 

serves both. 

MATERIALS LIST-ONE-TRANSISTOR EXPERIMENTAL TUNER 

Desig. Size and Description 

R3, R6 
R5 
RS 
R7 
R2 
R4 
R1 
Cl, C6 
C3, C4, 
C2 

D1 

LI 

BI 

%2-w carbon resistors (10% Tolerance) 
1k 
2.7 k 
4.7 k 
10 k 

47 k 
220 k 

1 megohm miniature potentiometer (Lafayette VC -38) 
100 mmf 75-v miniature ceramic capacitor 

C5 .01 mfd 75-v miniature ceramic capacitor 
365 mmf variable capacitor (Lafayette MS -214) 
T2163 transistor (Philco) 
1N60 germanium diode (Raytheon) 
27/15 x 33/e miniature perforated board 
pointer knob (Lafayette KN -40) 
minigator clips (Mueller 30), 3 required 
(A) broadcast (Lafayette CO -89) 
(B) 2-7 me -23 turns (tapped at 6th turn) of #22 

insulated hook-up wire on 27/s" length of .33" diam- 
eter ferrite rod. 

(C) 5.5-15 me -10 turns (tapped at 4th turn) of 
#22 insulated hook-up wire on 2" length of .33" 
diameter ferrite rod. 

(Lafayette MS -332 is .33 dia. x 7'/" long ferrite rod) 
9-v battery (Lafayette BA -2) 
Amplifier shown in the figures is PK-522 with VC -27 
volume control and switch and SK -66 loudspeaker 
Parts for this project were obtained from: Lafayette 

Radio, 111 Jericho Turnpike, Syosset, L. I., N. Y. 
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This compact two -transistor unit triples as an AF -RF signal 
tracer, utility amplifier, and transistor circuit power supply 

By FORREST H. FRANTZ Sr. 

THIS unit and an audio or RF signal gen- 
erator are all that are required to signal 
trace broadcast and short wave receivers 

and audio amplifiers of all kinds. 
Power for external transistor circuits is 

available from the tracer at 1.5, 3, 4, 5, or 6 
volts at the flick of a switch. It does extra 
duty as a utility amplifier for general lab use. 
A self-contained loudspeaker makes the unit 
convenient without the inconvenience of an 
earphone. 

Mount the Battery Holder on the perfo- 
rated board as in Figs. 2 and 4. Mount the out- 
put transformer on this board with a piece 
of solid wire passing through the holes and 
around the underside. 

Drill the holes for the battery terminals, 
input jack, volume control, switch and speak- 
er. Cut the volume control shaft to a length 
of 3/8 -in. Mount these parts. Be careful to 
avoid shorting of the battery terminals to the 
case. Wire the front panel. Fasten the cir- 
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cuit board to the speaker with solid wire. 
Interconnect the board and the front panel 
circuitry (Fig. 4). Connect leads from the 
batteries to the switch (Fig. 6). 

The First Switch Position is "off." Other 
switch positions turn the signal tracer -ampli- 
fier on. In addition, section B of Si selects 
the battery voltage which will appear across 
the battery output terminals for powering an 
external circuit with current requirements 
of 25 milliamps or less. This feature will 
prove invaluable for checking out transistor 
tuners, amplifiers and other circuits and for 
performing circuit experiments requiring 
small currents. 

For Audio Testing and signal tracing, use 
a shielded lead with a miniature phone plug 
termination on one end and extended leads 
with minigator clips on the other end. To 
signal trace in tube circuits connect a 47K 
resistor in series with the center lead of the 
shielded input cable. This minimizes circuit 



FIG. 1: Looking down on the circuit board, the FIG. 2: Wiring is brought through the holes to the 
parts are easily located. Wiring isn't critical, but underside of the circuit board. Note that no com- 
try to keep leads as short and as neat as possible. ponents mount underneath for ease of servicing. 

FIG.3- SCHEMATIC 

FIG. 4: Chassis -mounted parts inside the box cover 
include the speaker, switch, potentiometer, jacks 
and two capacitors. Wire these in place separately. 
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loading during testing operations. 
If you have difficulty, check the battery 

holder for good contact to the batteries. You 
may have to fill the contact eyelets with 
solder. Check the circuit against the wiring 
diagram. With the audio signal tracing lead 
in the input jack, you should be able to hear 
the speaker hum when you touch the center 
input lead (volume all the way up). 

Heart of the Signal Tracer is the high 
gain, two -stage transistor, audio amplifier on 
the perforated board. The signal under test 
enters the tracer through jack J1 and is ap- 
plied to gain control Rl through isolation 
capacitor Cl. Cl is rated at 600 volts and 
keeps dc from getting through, but permits 
audio to pass. The gain control feeds the 
signal to the amplifier. 

Resistors R2, R3, and R4 provide operating 
biases for Ql and Q2. Capacitors C2 and C3 
provide isolation between dc potentials, but 
pass ac signals. Resistor R5 stabilizes the 
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FIG. 5: looking head-on at the front panel, the unit 
presents an uncluttered, business like appearance. 
Finish the panel with decal lettering and lacquer. 

operating point of Q2, C4 is a bypass around 
R5, and C5 bypasses (effectively shorts) the 
ac signal around the battery to prevent de- 
generation due to internal battery resistance. 

Transformer T1 couples the output of tran- 
sistor Q2 to the loudspeaker with the proper 
impedance match. Section A of switch S1 
provides one "off" position, but applies volt- 
age to the amplifier on the other four posi- 
tions. Section B of S1 switches 0, 1.5, 3, 4.5, 
or 6 volts to the battery output terminals. 

This provides a convenient source for ob- 
taining those much -needed, often hard to find 
test voltages to power transistorized equip- 
ment on the workbench. You can also use 
these voltages to substitute for batteries that 
are suspect, in equipment under test. 

Amplify Phone Bell 
Before going down in the basement or out 

in the backyard, set your telephone on a cake 
pan or baking tin placed upside down. The 
added resonant surface picks up and ampli- 
fies the bell sound. 

FIG. 6: Inside the box with the circuit board in- 
stalled in place. Box and circuit board are wired 
separately, after installation, hooked up together. 

Desig. 
R5 
R3 
R4 
R2 
Rl 
Cl 

MATERIALS LIST-TRANS BOX 

Size and Description 
68 ohm, %2 watt carbon resistor 
4.7 k, 1/2 watt carbon resistor 
150 k, 1/2 watt carbon resistor 
390 k. /2 watt carbon resistor 
5 k miniature potentiometer (Lafayette VC -33) 
.1 mfd, 600 v paper tubular capacitor 
(Aerovox P8292ZN28) 

C3 10 mfd 6v ultraminiature electrolytic capacitor 
(Lafayette CF -103) 

C2 10 mfd 25 v ultraminiature electrolytic capacitor 
(Lafayette CF -142) 

C4, C5 50 mfd 6 v ultraminiature electrolytic capacitor 
(Lafayette CF -105) 

T1 10 k primary, 10 ohm secondary output transformer 
(Lafayette TR -93) 

S1 5 -position. 2 -pole miniature rotary switch 
(Lafayette SW -78) 

01, 02 2N1380 transistor 
B 1.5 penlight cells, four in series (RCA VS074) 
Jl miniature phone jack (Lafayette MS -370 is jack and plug 

set) 
binding posts (Lafayette MS -566 is kit of 10; only 2 
required for this project) 
4 -cell battery holder (Lafayette MS -170) 
2l/ib x 33/2' unclad miniature perforated board 
(Lafayette MS -304) 
miniature knob (Lafayette MS -185) 
pointer knob (Lafayette KN -43) 
21/2 x 3 x 51/4" gray hammertone aluminum miniature case 
(Lafayette MC -381) 

Parts source: Lafayette Radio, 111 Jericho Turnpike, Syosset, N. Y. 
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ALTHOUGH high voltage and high cost 
may seem synonomous to the experi- 
menter, this isn't always the case. You 

can construct a high voltage source for inter- 
esting electrical and physics experiments at 
relatively low cost. The high voltage source 
described in this article can be constructed 
for about $5. It will provide an ac voltage of 
from 600 to about 1500 volts depending on the 
characteristics of the individual components 
used and the adjustment of the buzzer which 
serves as a vibrator. 

The basic supply of energy for the high 
voltage power source is interesting too. The 
energy to operate the unit is furnished by two 
ordinary flashlight batteries. The power 
source then converts 3 volts into 600 to 1500 
volts. This is a voltage multiplication of 200 to 
500! 

The operation of the high voltage source is 

based on the conversion of a smooth dc volt- 
age into a pulsating dc voltage, amplification 
of the associated current, followed by voltage 
step up through a transformer. 

A frequently used technique for converting 
smooth do to varying do is to'chop the do with 
a vibrator. The scheme is shown in Figure 1. 

When a do voltage is applied initially, current 
flows through the contacts and the coil. The 
core of the coil is magnetized and the arma- 
ture which carries one of the contacts is at- 
tracted to the core. When this occurs, the 
current path is broken, the magnetic field col- 
lapses and spring ten§ion on the armature 
pulls it and the attached contact up toward 
the other contact. Current flows again and the 
cycle is repeated. 

The operation is similar to the operation 
of an electrical buzzer. The difference, of 

Build This 

High 

Voltage 

Source 

By FORREST H. FRANTZ SR. 

course, is that the buzzer is built to make 
sound while the vibrator is made to chop a 
voltage. Consequently, vibrators usually have 
heavier contacts and are placed in sound ab- 
sorbing enclosures. The important point 
though, is that a buzzer may be used as a 
vibrator. 

How do you obtain a pulsating voltage from 
the buzzer? The contact interruptions cause 
the pulsating dc waveform shown in Fig. 1 to 
appear across the coil. This voltage contains 
a dc and an ac component. If the reference is 
considered to be on the center of the wave- 
form the voltage would in fact be an ac volt- 
age. (A pulsating dc voltage changes value 
but never crosses the zero reference line. An 
ac voltage changes value and polarity.) A 
pulsating dc voltage applied to the primary 
of a transformer produces an ac voltage in 
the secondary. 

The contacts of an inexpensive buzzer can- 
not handle very large currents without un- 
dergoing rapid destruction. However, a tran- 
sistor may be used as a current amplifier. 
Fig. 2 shows a buzzer equipped with a tran- 
sistor current amplifier. When the buzzer 
armature is up (contacts closed) base current 
flows. This causes a much larger emitter cur- 
rent to flow. The voltage between the emitter 
and positive battery terminal is almost equal 
to the base voltage. 

The current amplification of the transistor 
(beta) is the ratio of output to contact cur- 
rent (exclusive of coil current). Thus, if the 
output current is 1 ampere and the beta of the 
transistor is 50, the contact current is lAo of 
an ampere or only 20 milliamperes. 

The requirement for high current is im- 
posed by the voltage step-up required. Al - 
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FIGI 

though a voltage of only about 1 volt rms is 
available from the circuit arrangement of 
Fig. 2, the desired voltage output is 600 to 
1500 volts. The power available at a trans- 
former secondary is never more than the 
power into the primary. Therefore high cur- 
rent is required in the primary although the 
secondary current is small. 

The final circuit of the high voltage power 
supply is shown in Fig. 3. The buzzer and 
transistor circuit is the same as that of Fig. 2 
with one exception. The resistor R has been 
connected in series with the buzzer V to limit 
current through the buzzer coil. 

The output circuit (which provides the 
voltage step-up) employs three inexpensive 
output transformers. The low impedance 
windings (ordinarily secondaries) are em - 

FIG. 4: Follow the parts p.acemen: indi;a!ed in the pho- 
tograph above. Switch is a Mueller Minigator clip. 

FIG 2 

ployed as primaries and are connected in 
parallel. The high impedance windings (usu- 
ally primaries) are employed as secondaries. 
They're connected in series to provide three 
times as much voltage as a single winding. 

Build the high voltage source on a per- 
forated Masonite board. Use Fig. 4 as a guide 
for mounting components. Mount the transis- 
tor on a metal bracket (1/2 -in. wide with 11/2 - 
in. sides) with a machine screw and nut. The 
bracket, in addition to supporting the tran- 
sistor, acts as a heat sink. The transistor col- 
lector is connected to the shell and therefore 
connects to the bracket. 

Connect the transistor base lead to the 
buzzer coil and contact junction with a lead 
soldered to the coil frame. Solder the base 
and emitter leads directly to the transistor 

FIG. 5: The high voltage source can be used for effec- 
tively burning dust particles from capacitor plates. 
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FIG -3 

TRANSISTOR 
CONNECTIONS 
(BOTTOM VIEW) 

CONNECTED TO SHELL 

pins. Use a pair of needle nose pliers between 
soldering iron and transistor body to avoid 
heat damage. 

Connect taps 1 and 2 of transformers Ll, 
L2 and L3 in parallel in the transistor collec- 
tor circuit. Connect the high impedance wind- 
ings brown to blue (red unused) to form the 
high voltage output circuit. 

The switch S is a Mueller Minigator clip. 
It is clipped to the negative battery terminal 
to turn the high voltage supply on. When the 
clip is disconnected, the high voltage source 
is off. 

The adjustment of the buzzer is a major 
factor in determining the output of the power 
supply. To adjust the buzzer for maximum 
output from the high voltage source, connect 
a voltmeter set to a range in the neighbor- 
hood of 1000 to 2000 volts to the output leads 
of the power supply. Loosen the lock -nut 
slightly on the buzzer contact adjusting screw 
and adjust this screw for maximum voltage 
output. This adjustment is fairly critical and 
it's tricky. You may have to repeat it several 
times to get good results. 

The voltage output may be increased by in- 
creasing the input voltage-up to a point! 
The input voltage should never exceed 6 

volts. And the input voltage should never be 
increased to the point where heavy contact 

2 

u 

BLUE 

BROWN 

CONNECT BLUE TO BROWN 

RED NOT USED 

arcing begins. When heavy contact arcing 
occurs, the contact points burn out after a 

relatively short period of operation. 
Use the high voltage source in electrical 

experiments that require high ac voltages. It 
may be used, with a rectifier and filter to 
supply high dc voltages, or in maintenance 
applications to burn small particles of dust 
out of capacitor plates (see Fig. 5). The ex- 
perimenter will find the high voltage source 
interesting to construct and use. Since it op- 
erates from two regular flashlight batteries 
and generates a very high voltage, it has 
wide-eyed wonder appeal. It is also extremely 
portable. 

MATERIALS LIST-HIGH VOLTAGE SOURCE 

Desig. 

R 

Ll, L2, L3 
T 
V 

B 

S 

Size and Description 

10 -ohm 1/2-w resistor 
TR -12 universal output transformer 
CBS 2N255 or Sylvania 2N307 power transistor 
11/2-v high frequency buzzer (Lafayette MS - 

436) 
two 1.5-v batteries series connected (Burgess 

2) 
minigator clip (Mueller 30) 
battery holder (Lafayette 

eM76) ed board 1/9 x 727/32 x 1127/32' PS -1 (La- 

fayette ML -81) 
bracket (see text) 

Components may be obtained from Lafayette Radio, 

111 Jericho Turnpike, Syosset, L. I., N. Y. 
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The Magic Eye 
Sees much, tells plenty. A cheap and handy testing instrument 

By C. F. ROCKEY 

TIME was when every radio was equipped 
with a magic eye tuning indicator, which 
winked saucily as you tuned across the 

band. Although seen less often today, the 6E5 
tube that fulfilled this function continues to 
be useful to the electronic trouble-shooter. 
For this is a combined vacuum -tube amplifier 
and cathode-ray indicator, both in the same 
envelope. Together, they form a dandy vacu- 
um -tube voltmeter, at a cost of about two 
dollars. 

All you need, basically, is a magic -eye tube, 
an Eby baseboard -mounting, six prong socket, 
and a few small parts. Of course, you also 
must have a power supply handy, but you 
can take the voltages necessary out of the 
piece of apparatus you're testing, if you have 
no other source. (100 to 300 volts do at a 
couple of milliamperes, and 6.3 volts at 0.3 
amp.) 

The schematic diagram (Fig. 4) should be 
self-explanatory. None of the parts are criti- 
cal, and may vary as much as 50% without 
serious difficulties being involved. 

Two features make this instrument par- 
ticularly handy: 

5" 

POWER 
SUPPLY 
CABLE 

1. It indicates, qualitatively at least, both 
dc and ac voltages, at frequencies well 
up into the high audio range. 

2. It has a high internal resistance, dis- 
turbing the circuit being investigated 
very little. Only commercial vacuum - 
tube voltmeters, or very expensive volt - 
ohmmeters have as high an internal re- 
sistance as this simple gadget. 

As it stands, the 6E5 is a 0 to 8 volt vacuum 
tube voltmeter. Its primary utility is as a qualitative voltage tester or signal indicator, 
and most of the applicatigns to be described 
use it in this way. However, it may be broadly 
calibrated against a known do voltage source, 
or by remembering that it requires eight 
volts between grid and cathode (grid nega- 
tive) to exactly close the eye. Smaller clo- 
sure angles are approximately proportional 
to voltages below eight volts. 

Build the gadget on a simple little back- 
board and base of 3/4 -in. white pine (two 
pieces 5 -in. square) as shown in Fig. 3. 

Applications: 1. Signal tracing in a PA or 
amplifier. Connect the ground lead to the 
chassis of the amplifier. Now, with a signal 
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TARGET 
ELECTRODE GRIP 

TOP VIEW OF TUBE SOCKET 

FIG.2 

being supplied to the input of the amplifier, 
from signal generator, record, or mike, touch 
the voltage input lead to each successive grid 
and plate, beginning near the input stages 
of the amplifier. If a signal is being trans- 
mitted this far, you will observe a continual 
flicker of the shadow, beyónd that which 
occurs when you first touch the lead to the 
terminal. It is necessary to connect a capaci- 
tor (about 0.01 mfd, 400 W.V.) in series with 
the voltage input lead. With care and prac- 
tice, a signal as small as 0.1 volt may be readi- 
ly detected in this way. 

2. Checking the front-end performance of 

a radio. Connect the ground lead to the 
chassis, or to the common ground bus of the 
receiver being tested. Connect the voltage 
input lead to the hot side of the audio volume 
control. Tuning the receiver across the band 
should cause the eye to close noticeably each 
time a signal is tuned in. To adjust the re- 
ceiver for best performance, tune in a station 
at the high -frequency end (1400 KC, or high- 
er) and carefully adjust each of the IF trans- 
former trimmers for maximum closure of the 
eye. When the IF trimmers have been thus 
adjusted, then adjust the trimmers upon the 
tuning capacitor for maximum eye closure. 
When this has been done, you may be sure 
that your set has been adjusted for good per- 
formance. (Note: This procedure applies to 

a simple superheterodyne broadcast receiver 
only. Some large, expensive receivers, or com- 
munications receivers, require more equip- 
ment for proper alignment. Also, better try 
this on an older set first, for practice, be- 
fore tackling your best radio.. ) 

4 WHITE PINE 

IM 

SIDE VIEW 

FIG. 3 

3. Visual monitoring of Tape recorder. Over- 
loading of the tape, causing saturation of 

the magnetic oxide of the tape on a loud 
passage, is a frequent form of distortion in 

home recordings. Since many of the less - 

expensive tape recorders have inadequate 
level indicating indicators, if any at all, this 
overloading can easily occur. 

Your 6E5 makes an effective visual moni- 
toring device, or volume indicator. Connect 
it to your tape recorder as shown in the dia- 
gram below, which will apply to most of the 
home -recording machines. A schematic dia- 
gram of your particular machine, obtained 
at small cost from the manufacturer, will aid 
you in making these connections. Borrow an 
audio signal generator from a friend, or from 
your neighborhood service shop and, using a 

1000 cycle signal, determine the overloading - 
level of your particular machine. Then ad- 
just the potentiometer, so that the eye just 
closes. Now you can regulate the volume on 

recordings to keep the eye from completely 
closing on loud sound peaks. This will give 
your tapes lots of level without annoying dis- 

tortion. 
4. Tuning and modulation indicator for the 

amateur transmitter. Although the do plate 
milliammeter employed in most amateur 
transmitters will tell you when your trans- 
mitter is running the correct power input, it 
can tell you nothing about the power output 
and little about the degree of modulation. If 

you use a coaxial cable to feed your antenna, 
you can use your magic eye to tune for the 
greatest signal output for a given power 
input; that is, for greatest efficiency. Refer - 
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POWER SUPPLY CABLE 

TARGET 
ELECTRODE 

ring to the diagram will show the con- 
nections, and it may be used with any ama- 
teur transmitter that employs coaxial cable 
output. The power consumed by this indi- 
cator is in the microwatts, and negligible by 
any ordinary standards, so it does not waste 
valuable RF watts. It also indicates relative 
degree of modulation. 

If you have one of the more -powerful trans- 
mitters, and you find that the eye shadow 
"overlaps," try a 6G5 tube instead of the 6E5. 
All connections will remain the same. 

These suggestions, drawn from a fairly 
wide range of applications, by no means limit 
the usefulness of this neat, widely -available 
little indicator. It's cheap, almost universal, 
and difficult to burn out. 

8+ 
100-400 
VOLT 

6.3 V AC 

t i B 
L 

FIG.4 

MATERIALS LIST-THE MAGIC EYE 
Amt. Req. Size and Description 

1 6E5 tube. 
1 Eby, or similar, base -mounting six -prong 

socket. 
2 Fahnestock clips. 
1 five foot length of cable, four wire. (May 

be shielded, but need not be.) May be two lengths of POSJ lamp cord twisted together. 
1 2 megohm, 1 watt resistor. 
1 1 megohm, 1 watt resistor. 
2 pieces 3/4 x 5 x 5" pine. 

Test leads. 
Wire screws, rosin -core solder, etc. 
Small piece of metal (from tin can) to clamp 
down cable. (Or you may use insulated 
staples.) 

Power supply requirements: 
Any small power supply providing anything between 
100 and 400 volts, dc, and 6.3 volts ac will work. Or you may "steal" the power from any piece of radio - electronic gear using a transformer type power supply. The drain will be negligible. 

Shockproof Solder Holder 
Have you ever been shocked while solder- 

ing live wires in a "hot" circuit? This won't 
happen again if you wrap a length of solder 

into a coil and place it in a plastic pill bottle 
(available at most drug stores). Punch a hole 
in the lid and thread one end of the coil 
through hole. Use this holder as you would 
a pen, pulling out more solder from the coil 
inside as needed.-JOHN A. COMSTOCK. 

Improved Razor -Blade Detector 
Here is a 

more rugged 
version of the 
familiar fox- 
hole razor - 
blade "crystal" 
detector. The 
original was a 
piece of pencil 
lead bridged 
across the 
edges of two 
razor -blades 
and sometimes used by G.I's in foxholes to 
pick up local broadcasting stations. This was 
fairly sensitive, but it was very difficult to 
hold an adjustment, as the least vibration or 
jar caused the lead to rock and roll on the 
blade edges, resulting in erratic and noisy re- 
ception. For the arrangement shown, blue 
steel single or double edge blades (such as Pal 
razors) seem to be the most sensitive, but 
many other blades also have sensitive spots on 
them. Use with a conventional circuit and a 
good antenna and ground.-ART TRAUFFER. 
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Fig. 1: The unit is a 

versatile test instru- 
ment for general use 

around the labora- 
tory, as well as a 

supplementary speak- 
er for audio use. 

Speaker Box Does Everything 
By ROY L. CLOUGH JR. 

ONE of the handiest pieces of equipment, 
this little speaker box, performs an 
impressive list of chores. 

It's a remote speaker with constant im- 
pedance volume control; It's an impedance 
match, speaker to plate, of any output im- 

pedance from 2000 to 10,000 ohms; It matches 
either single -ended or push-pull output; It's 

CT 

BLUE 

RED 

BROWN 

FiG.2 

C2 

C3 

0 o 
PHONES 

a phone patch box to any receiver with iso- 

lating capacitors that nullify shock hazard; 
It can be used as a dynamic mike with input 
matched to practically any PA or tape re- 
corder and it can be used to test final audio 
stages where an output transformer is sus- 
pect and input stages where the mike is ques- 
tioned. 

SCHEMATIC DIAGRAM 
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Fig. 5: Tile tront of the unit przsenis a handsome 
appearance. The controls are easily accessible and 
all connections are provided on the front panel face. 

You may locate most of the needed parts in the junk box. The rotary switch, for example, 
can be anything that will perform the re- quired switching operations. We used a war surplus two -deck job. Any two -pole switch that will switch to four different positions 
will do the job. 

A 5 -in. permanent magnet speaker with a 3.2 -ohm voice coil was used. Speaker size isn't too important if you don't mind re -di: mensioning the box. You can also use an 8- or 

REAR COVERB"MASONITE TO THIS OUTLINE 

16 -ohm speaker; just check the spec sheet that comes with the transformer for the ap- propriate connections. 
Make the box from 1 -in. plywood sides. The front and back is 1/8 -in. tempered hard- board. Elmer's Glue -all is entirely adequate 

to hold it together sans nails or other fas- teners. Cover the box with Contact plastic 
covering material after cutting all the re- quired holes. 

The speaker grille is a scrap of 1/8 -mesh hardware cloth or screening, held in place by the speaker rim when it is bolted in place. 
Mount the "L" pad in the upper right hand corner, install the phono -jack and phone 

jacks in the appropriate holes. The trans- former is bolted to the box behind the speak- 
er. Wiring the switch will be easier if pigtails are attached before mounting the switch. The same is true for the connections to the 4-40 brass nuts and bolts which serve as outside terminals. Check the wiring diagram care- fully before making the final connections and you'll have no trouble. 

Draw the switching dial plate on a stiff white cardboard, with transparent plastic 
spray over markings and cement it with vinyl glue to the covering of the box. 

How It Works: A 3.2 -ohm speaker is mounted in a heavy, rigid box with a fibre- glass lined back cover and rubber tacks under each corner isolate the speaker box from table or bench. The result is good tone 
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No. Req. 

MATERIALS LIST-SPEAKER BOX 

Size and Description 

1 Triad s62 -x universal output transformer (30 ma each 

side) 

1 Clarostat CIL4 "L" pad 

2 .1 400 v paper capacitors 

1 

1 

2 

1 

3 

6 

1 

2 

Misc. 

.006 400 v paper capacitor 

phonograph jack 

earphone jacks 

rotary switch, 2 poles, four positions 

a ya" 4-40 brass fillister head bolts 

4-40 brass nuts 

5" speaker, PM with 3.2 -ohm voice coil 

pointer knobs 

assorted scraps of 1/2" plywood, hardboard scrap and vinyl 
contact type covering, 5" sq. of wire screen, Vs mesh, 

four rubber -headed tacks. 

quality from a small speaker in a cheap en- 
closure. A universal output transformer is 
connected through a rotary switching ar- 
rangement that permits matching impedances 
from 2 to 10 K ohms. Between the voice coil 
and output transformer switch a 4 -ohm "L" 
pad and a phono jack is inserted which per- 
mits constant impedance volume control of 
the speaker when used either as a 3.2 -ohm 
remote speaker or when connected to the 
plate output. 

A capacitor network permits the attach- 
ment of phones (1500 ohms or higher) to any 
receiver with no shock hazard. The outside 
terminals are connected to the transformer in 
such fashion that either single -ended or push - 

Fig. 3: Parts placement is easily seen with the rear 

cover removed. The hardware cloth grille screen is 

held in position by pressure from the speaker rim. 

pull output may be fed into the box. 
By running a shielded microphone cable to 

the outside terminals the box can be used as 
a dynamic mike with any PA system or re- 
corder. Switching the plate impedance con- 
trol will permit matching inputs to practically 
all amplifiers. If attentuation is desired the 
"L" pad control can be cut in. A couple of 
alligator clip test prods plugged into the box 
terminals can be used to check audio final 
stages, if, for example, the output transform- 
er of the set under test is suspect. 

Still other uses will suggest themselves to 
the experimenter who will quickly be aware 
that the speaker box is a very nice thing to 
have around. 

Nail Clipper Strips Wire 
A nail clipper makes an excellent tool for 

radio and TV hobbyists, to use for removing 
insulation from small -gage wiring. First, how- 

ever, remove the pressure -handle to avoid 
exerting too much force and cutting right 
through the wire.-R. J. DECRISTOFORO. 

Easy Transistor Class Identification 
It's almost impossible to determine whether 

a transistor is of the NPN or PNP variety 
just by looking at it in a circuit. However, 
an easy clue to identification lies in the fact 
that the middle letter of the transistor class 
designation indicates which terminal of the 
battery is connected to the collector element. 
Thus, in the case of the PNP type, the nega- 
tive terminal of the battes -y is connected to 
the collector; similarly, the positive terminal 
of a battery is connected to the collector ele- 
ment of a transistor of the NPN variety. 
Either by checking the polarity of the poten- 
tial on the collector element, or by tracing 
out wires to the battery, it is a relatively 
simple matter to determine correctly the 
class of a given transistor.-JOHN A. Core - 
STOCK. 
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MOTOHGENERA R DEMONSTRATION 

TWO old phono motors, salvaged from 
junked 78 -rpm record players, can be 
used to demonstrate the fundamentals of 

a motor -generator set. Two motors are 
strapped to a piece of board, and the shafts 
are coupled with tape so that one motor drives 
the other. The captive motor generates a 
small ac current which is rectified to do by a 
germanium diode and then registered on a do milliammeter. 

Ordinarily, a generator produces current 
by revolving a coil in a magnetic field, or by 
revolving a magnet within a coil. But in this 
experimental set-up there is very little mag- 
netism in the captive motor because it is not 
connected to the ac lines, so it only generates 
a feeble current. 

Figures 1 and 2 show the construction. The 
two motors are strapped on a 3/4x31 x8 -in. 
wood base using friction tape, and the two 
shafts are coupled with a few turns of plastic 

tape. If necessary, one of the motors can be 
blocked -up a little so that the shafts line up 
well. Connect a line cord and plug to the right 
hand motor, and tape the connections well to 
avoid shocks and shorts. Connect the two 
leads on the captive motor to the two posts 
on the rear of a 0-1 or 0-5 do milliammeter. 
When you start the motor you will note that 
the meter needle barely moves and vibrates rapidly-that's because you are feeding ac current into a do meter. Connect a common 
general-purpose germanium diode (1N34Á, 
etc.) in one meter lead, as shown, then the ac 
will be rectified to do because the current can 
only pass through the diode in one direction. 
Be sure to observe correct polarity-the 
cathode (plus) lead of the diode goes to the 
plus post on the meter. A soft sponge rubber 
pad under the meter protects it from motor 
vibrations. Other 110 -volt motors could be 
used for this experiment.-ART TRAUFFER. 

FIG.2 EXPERIMENTAL MOTOR -GENERATOR 

GENERAL 
PURPOSE 
CRYSTAL 
DIODE 
(OBSERVE 
POLARITY) 

DC MILLAMMETER 
(0-1 OR 0-5) 

OLD 
78 RPM 
PHONO 

MOTORS 

117 AC 

ENDS OF SHAFTS 
TAPED TOGETHER 

3 
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Experimenter's 
Chassis 

Versatile, reusable chassis for experi- 

ments and circuit development 

By W. F. GEPHART 

WHEN working with experimental cir- 
cuits the need for an experimenter's 
chassis becomes obvious. After ex- 

perience with two home made and one com- 
mercial experimental chassis, the author 
decided to summarize his experience and 
design a chassis to meet these needs. 

The following seemed to be important fac- 
tors in considering design aspects: 

The unit should be able to handle any type 
of tube or transistor available now or in the 
future. It should be compact, without being 
crowded, yet be able to handle several stages 
if necessary. Connections should be quick 
and easy to make and be secure. In multiple 
stage work, there should be an option of mak- 
ing certain leads (ground, filaments, etc.) 
common if desired. The chassis should be 
able to handle panel parts and mounted parts 
(transformers, relays, etc.). The unit should 
be durable and long-lasting and low in cost. 

The unit shown here meets these condi- 
tions. The basic chassis takes various inserts 
to handle different tubes or transistors, and 
permits adaptation to future designs. Con- 
nections are made by Fahnestock clips, both 
as connection points and to tube socket pins. 
To be compact, yet permit multiple stage 
work, each basic unit only handles one tube 
or power transistor (or two low -powered 
transistors), yet any number of basic units 
can be plugged together for multiple stage 
work. When units are plugged together, 
switches give the option of making ground, 
B plus and/or filament leads common be- 
tween units. 

While each basic unit has a panel for 
mounting switches and potentiometers, space 
is not allocated for chassis -mounted parts. 
Instead, a special mounting adapter was made 
that fits above the basic unit to take trans- 
formers or relays when required. This saves 
having waste chassis space when not needed. 

By using high quality clips, connections 
do not load with solder, can be made quickly, 
and will last indefinitely. Each basic unit 
costs about six dollars and each tube -transis- 

tor insert will run from about 60e to $1.20, 

depending on the socket and number of clips 
required. Basic units or inserts can be added 
in the future, in any reasonable number. 
Since each basic unit is only 412 in. wide, a 

four -stage chassis would only be 18 in. wide, 
and a six -stage only 27 in. wide. 

The parts list gives the material required 
for each basic unit. Since the drilling for 
the plugs and jacks in the side pieces is crit- 
ical (so units will plug together properly), 
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it is best to cut and drill side pieces together 
for the ultimate number required, and save 
the extras. For example, if you plan to build 
two basic units now, but feel that you might 
want two more later, cut and drill side pieces 
for all four units. The cost of theextra side 
pieces is trivial. 

The following steps assume that more than 
one basic unit is being made, and reference 
to clamping pieces together refers to similar 
pieces for the multiple units. 

First cut the hardboard top (Fig. 1), side 
pieces (Fig. 3) , plywood sub -base (Fig. 2) , 
and white pine end pieces to the size shown. 
Next, cut the notches for the switches in the 
plywood (required if switches with shanks 
of less than 1%2 in. are used; switches shown 
in parts list have 1%2 -in. shanks). 

Clamp the plywood sub -bases together, 
with ends and sides aligned, and drill a no -in. 
hole through all pieces at the center of the 
large insert hole. Separate the pieces, and 
cut the insert hole in each. 

Next, nail the front and back pine supports 
to the ends of the plywood sub -base. Set the 
sub -bases and ends on a flat surface, and 
check the hardboard side pieces to be sure 
they are flush with the top of the plywood. 
Clamp all side pieces together, and drill four 
%4 -in. holes at points indicated. Before re- 
moving the clamps, mark the top and front 
edges with nail polish, to help keep the pieces 

in proper alignment during assembly. 
Remove the clamps, and enlarge the holes 

in half of the side pieces to 1/4 in. and fasten 
them to the plywood and end pieces, properly 
aligned, using brads and glue. Use a side 
piece with %4 -in. holes on the right side (look- 
ing from the front), and a piece with 1/4 in. 
holes on the left side. 

Clamp the hardboard tops together, and 
drill all holes except the switch holes. Re- 
move the clamps, hold the top in place on 
the plywood, and drill the holes marked "X". 
Temporarily fasten the top to the plywood 
with 5/$x6-32 screws and nuts in these holes, 
and then drill 9/e4 -in. holes through the ply- 
wood at holes marked "Y". Drill 1/2 -in. holes 
through both hardboard and plywood for the 
switches. 

Remove the top and apply decals and lines 
for common -connected terminals (Ground 
and B plus) as shown. These lines can be 
painted on, or put on with %6 -in. colored 
graph tape, such as Chart -Pak available at 
drafting supply houses. It is best to then 
spray the panel with lacquer or varnish to 

MATERIALS LIST-EXPERIMENTER'S DEVELOPMENTAL 
. CHASSIS 

Amt. req. Size and Description 
For Each Basic Unit 

1 V8 x 41/2 x 10" hardboard (top) 
2 1/2 x 11/2 x 10" hardboard (sides) 
1 %a x 4 x 41/2" hardboard (panel) 
1 j4 x 41/4 x 1D" plywood (sub -base) 
2 %2 x 1%2 X 41/4" white pine (ends) 

(Use tempered hardboard, two sides smooth) 
17 #10 Fahnestock clips (Cat. #41 H 705) 
4 G -C 33-034 banana plugs (Cat. #41 H 400) 
4 G -C 33.192 banana jacks (Cat. #41 H 470) 
9 soldering lugs 
2 SPST toggle switch C -H 8280- K16 (Cat. #34 B 500) 
1 DPST toggle C -H 8360-K7 (Cat. #34 B 502) 
8 %2" x #6 rh woodscrews 
2 %2" x #8 rh woodscrews 
9 5/a" x 6-32 machine screws and nuts 

For Each Transformer -Relay Adapter 
1 1/8 x 3%4" 41/2 hardboard 
4 8-32 brass thread rod, 31/2" long 
8 8-32 brass nuts 

For Each Low -Power Transistor Insert 
1 Va x 31/4" diameter disk hardboard 
2 transistor sockets, Elco 3304 (Cat. #41 H 093) 
8 #10 Fahnestock clips (Cat. #41 H 705) 
4 1/4" x 2-56 machines screws and nuts 
8 1/4" x 6-32 machines screws and nuts 

For Each Octal -Transistor Adapter 
1 11/4" dia. disk plastic, metal, etc. 
2 transistor sockets, Elco 3304 (Cat. # 41 H 093) 
4 1/4" x 2-56 machine screws and nuts 
1 13/4" x 6-32 machine screw and nut 
1 Octal tube base with all eight pins 

For Each Power Transistor Insert 
1 21/2 x 31/4" piece 18-20 gauge aluminum with 1/2" flange on 

end 
1 %a thick 31/4" dia. disc hardboard 
3 #10 Fahnestock clips (Cat. #41 H 705) 
3 soldering lugs 
3 miniature alligator clips, Miller #30 (Cat. #41 H 142) 
3 1/4" x 6-32 machine screws and nuts 

For Each Tube Insert 
1 1/2 thick 31/4" dia. disk hardboard, 

1 tube socket as desired, with mounting screws and nuts 
1 #10 Fahnestock clip, 1-1/4 x 6-32 screw and nut for each 

tube pin 
Catalog numbers refer to Allied Radio, 100 N. Western Ave., 

Chicago 80, III. 
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protect the decals and lines. 
Next, cut and drill at least one transformer - 

relay adapter plate (Fig. 3). Lay it on the 
hardboard top, with one long side flush with 
the front, and mark the position of the four 
11/ía -in. corner holes on the hardboard top. 
Drill four % o -in. holes at these points to hold 
the adapter supports. 

Place the hardboard top back on the sub- 
base, and fasten in place by mounting clips 
in the "X" and "Y" holes. Use %x6-32 
screws and nuts, and include a solder lug 

between the nut and underside of the ply- 
wood. Then, using an awl or nail, start screw 
holes in the plywood for the other clips, and 
attach them, using 1/2x #6 RH woodscrews. 
Mount the switches, with the double pole 
switch in the center hole. 

Mount four banana plugs (with solder 
lugs on the inside) on the right-hand side 
piece, and four banana jacks (with lugs on 
the inside) on the left-hand side piece. Cut 
and drill the front panel (Fig. 4), and fasten 
to the front support with two 1/2x #8 RH 
woodscrews. The top three holes are for 

' FIGURE 5: PICTORIAL WIRING 
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rotary switches and potentiometers, and the bottom three are for toggle switches, push 
buttons, and pilot lights. 

The basic units should be wired underneath 
as shown in Fig. 5. Route all wiring around the insert hole, and be sure the filament wir- ing is consistent, the right hand clip always 
connected to the front jack and plug. This 
permits proper polarity on do filaments when 
using several basic units with common heaters. 

All inserts are slightly less than 31/4 in. diameter, to fit snugly in the insert holes in 
the top, and all have clip mounting holes on 
a 7/8 -in. radius. They can be made of hard- 
board, Bakelite, plastic or any other insulating 
material that is not more than 1/B in. thick. 
With the exception of the dual low -power 
transistor insert (Fig. 6), tube sockets are 
mounted in the center of the insert, with the 
clips arranged around the socket in line with 
the tube socket pins. For octal and other large sockets, it is best to use leis in. stiff, 
hard plastic so retainer ring sockets can be 
used, to save the space required for mount- 
ing screws. 

Since fewer parts are usually involved in 
transistor circuits, two sockets can be mount- 
ed on one insert (Fig. 6). For power tran- 
sistors, where some sort of heat sink is usually 
desirable, a special insert (Fig. 7) is used. 
The holes in the aluminum plate will accom- 
modate a number of different power transis- 
tors, and space is available for other con- 
figurations. In this case, leads and alligator 
clips are attached to the Fahnestock clips, 
and fastened to the transistor terminals after 
mounting. 

Another means of using low -powered 
transistors is the adapter shown in Fig. 6. 
A base from an old octal tube has two tran- 
sistor sockets mounted in it, and adapts the 

1 

HEAT SINK LAYOUT 

*SLIGHTLY 322 
UNDERSIZE 
TO FIT IN 31 
HOLE 

ALL HOLES AREA 
INSERT BASE LAYOUT 

FIGURE 7' POWER TRANSISTOR. INSERT 

regular octal tube insert for transistor use. 
It saves making a special transistor insert, 
and saves a few Fahnestock clips. The four - 
pin transistor sockets will handle most low - 
powered transistors. 

The transformer -relay adapter (Fig. 3) is 
supported by four 31/2 in. sections of 8-32 
threaded brass rod, and two 8-32 nuts, one 
being soldered to the top to form a head. 
Regular 8-32 screws are not available in this 
length, and at least 31/2 in. is required to clear 
panel -mounted items. 

In using the adapter, the component is 
fastened in at least one hole, and leads are 
run through one or more of the large holes. 
Panel -mounted items are wired to the chassis 
before the adapter is put in place. There is 
room under the adapter to connect the wires 
from the component to the proper clips when 
the adapter is in place. 

In using the chassis, many items can be 
connected between clips (including tube 
socket clips), and short lengths of wires can 
be used to make connections between related 
clips. Soldering may be required for panel - 
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Fig. 8: With one stage 
complete on the left chas- 
sis, a second chassis is 

plugged in for develop- 
ment of next stage. 
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Fig. 9: The basic unit shown with some accessories. 

These fit the large center hole and permit breadboard- 
ing circuits. 

mounted items, but this can be avoided if a 
wire with an alligator clip on one end (to 
attach to potentiometer or switch lugs) is 
used. 

When multiple chassis units are used, the 
switches permit interconnecting Ground, B 
plus, and filament leads if desired, so that 
only one set of leads and connections has to 
be made to the power supply. However, con- 
nections must be made between the tube in- 
sert filament clips and the regular filament 
clips on each basic unit. 

Two cautions about using multiple units. 
First, when unplugging basic units, pry them 
apart carefully at the center (between the 
filament lead plugs), using a screw driver. 

SANANA 
PLUGS 

BANANA 
JACKS 

Fig. 10: Basic unit seen from the top with no insert. 

Lines indicate commonly -connected clips. Note plug 
and jack positions. 

Fig. 11: Underside of basic chassis shows how wiring 
is dressed around center hole and filament leads are 

twisted for anti -hum. 
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"Why call a service man," he said. "Any amateur can wire in a transformer." 
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If you work around the house: 

HERE ARE YOUR BEST BUYS 

On sale at your newsstand 
during September 

and October 

(OR USE COUPON BELOW) 

649-HOME WORKSHOP HANDBOOK 

HOME WORKSHOP 
xaaaeoeK: 

BTFD h:M15 Fpi 36 ltW 

MN MAW! 
Vent MI 

pew imatuAMA 
MA AA MAW* 

sEN$'-0LLMEIN 
8810008 Kea 
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Rewarding projects 
for the craftsman 
working with wood, 
metal, plastics, etc., 
complete with de- 
tailed text and illus- 
trat^ons. 35 big 
projects including a 

rollaway shop you can 
build for $39.75. Spe- 
cial bonus: 12 big 
pages of built-ins for 
an 'outdoor living 
room.' 

652-HOME OWNER'S GUIDE TO PLUMBING 

AND HEATING 

A how-to guide on in- 

stallation, care and 
replacement of plumb- 
ing and related equip- 
ment inside and 
outside the house. 
Contains a special 
section on servicing 
electric, gas and oil- 
fired heating units, 
and how to make 
emergency repairs. 

rHOME OWNEWS LIME TO 

PILUMBING 
AND HEATING s « ': ... 

:»V" 
hatl.tti. 

OHM 

OMMP5'e" 
wen». mete> ., t 

SCIENCE and MECHANICS, Handbook Division 

505 Park Avenue New York 22, N. Y. 

D Enclosed is $-. Please send nie the S&M 

Handbooks circled below. Each volume is $1 

(includes postage and handling). Please allow 
four weeks for delivery. 

649 652 

Q Enclosed is $3. Enter my special 4 issue sub- 
scription to HOME WORKSHOP HANDBOOK. 

Name 

Address 

City 

(Please print) 

lone -State 

ELEMENTARY ELECTRONICS 

YOUR BEST NEWSSTAND BUYS! 

ON SALE DURING SEPTEMBER 
AND OCTOBER 

(OR USE COUPON BELOW) 

650-1001 HOW-TO 

651-SCIENCE 
EXPERIMENTER 

A 'must' guide for high 
school science students 
for developing a Science 
Fair winner. Contains fea- 
tures on physics, chem- 
istry, electricity and 
electronics ... 29 proj- 
ects in all. Special: how 
to build a new and im- 
proved Tesla coil plus 
building glowing tubes. 

`SURPLUS 
AND SALVAGE PROJECTS 

IDEAS 

Crammed with time and 
money saving tips for 
every do-it-yourselfer. A 

true encyclopedia of short 
cuts that covers home 
maintenance, cars, boats, 
photography, plus prac- 
tical tips on plumbing, 
electric repairs, and ra- 

dio and TV. 

-- 

SCIENCE 
EXPEIMENTER 

653-SURPLUS AND 

SALVAGE PROJECTS 

Contains a round -up of 
the best surplus buys of 
the year. Special feature 
shows how to build a 

$200 Bellophoto lens for 
less than $50. Plus spe- 

cial projects costing less 
than $5, $10, $20 and 
$40. 

SCIENCE and MECHANICS, Handbook Division 
505 Park Avenue New York 22, N. Y. 

Enclosed is $-. Please send me the S&M 

Handbooks circled below. Each volume is $1 

(includes postage and handling). Please allow 
four weeks for delivery. 

650 651 653 

Enclosed is $3. Enter my special 4 issue sub- 
scription to 1001 HOW-TO IDEAS. 

D Enclosed is $3. Enter my special 4 issue sub- 

scription to SCIENCE EXPERIMENTER. 

Name 

Address 

City Zone State 

(Please print) 
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DO-IT-YOURSELF 
for fun and profit 

THESE S&M HANDBOOKS ARE 
ON SALE AT YOUR NEWSSTAND 

DURING SEPTEMBER 
(OR USE COUPON BELOW) 

644-RADIO-TV EXPERIMENTER 

f 
RADIO-TV 
EXPERIMENTER 

;r 

e. 
WIíITE5) WPM ea- MSI1üüNlp4 

C`-G I AR Projects Are EneerUneeh 
n, º*gFa aaKAa Feie* u a,pn 
nee MA *OM Y.uy Wow 

Crammed with elec- 
tronics know-how. 
Features detailed 
stories on how to con- 
vert your ham shack 
to TV transmission; 
how to get more out 
of your walkie-talkie; 
how to repair the 
clock on clock radios; 
and_more Up -dom 
exclusive listing on 
White's Radio Log of 
AM -FM -TV stations. 
Plus R -TV's recom- 
mendations of Hi-Fi 
standards. 

645-CAR REPAIR HANDBOOK 
Step-by-step servicing 
and maintenance 
articles for the 
budget -conscious 
owner. In this edition, 
you' r aîd about what 
to do about hogs, 
how to do your own 
road testing, how to 
avoid vapor lock, plus 
ideas on brake repair- 
ing. You'll want to 
work on the quiz "How 
good a mechanic are 
you?" 

CAR REPAIR 
HANDBOOK 

SCIENCE and MECHANICS, Handbook Division 
505 Park Avenue New York 22, N. Y. 

Enclosed is $-. Please send me the S&M 
Handbooks circled below. Each volume is $1 
(includes postage and handling). Please allow 
four weeks for delivery. 

644 645 

Enclosed is $3. Enter my special 4 issue sub- 
scription to RADIO-TV EXPERIMENTER. 

D Enclosed is $3. Enter my special 4 issue sub 
scription to CAR REPAIR HANDBOOK. 

Name 
(Please print) 

Address 

City Zone State 

ATTENTION: DO-IT-YOURSELFERS: 
Get these S&M Handbooks 

on your newsstand during September 
(OR USE COUPON BELOW) 

WOODWORKER'S 

ENCYCLOPEDIA 

°. : 
WYrIL Nwa m ii 

647-HOME APPLIANCE 
REPAIRS 
A how-to manual for the 
layman, designed to help 
him troubleshoot his own 
large and small appli- 
ances-from clothes 
washers to electric 
razors. You'll find new 
tips and hints on servic- 
ing electric irons, auto- 
matic toasters, waffle - 
irons, etc. 

nniºR.am town 

44444 @WM." tot 

646-WOODWORKER'S 
ENCYCLOPEDIA 
If you work with wood- 
you can't afford to be 
without this issue! Spe- 
cial feature tells you how 
to save money when you 
buy all kinds of wood and 
lumber. This feature 
alone is worth many times 
the price of this Hand- 
book. Plus a rundown on 
boat -building woods and 
plans on how to build a 
Kennedy Rocker. 

.iHOiV1E .- _.. ...__ 

APPLIANCE 
REPAIRS 

6e1nur dot SO... 

648-KITCHEN & 

BATH IMPROVEMENTS 
The ideal book for the 
craftsman who wants to 
re -do these two most ex- 
pensive rooms-economi- 
cally. Here are new 
directions in bathroom 
planning-what's new in 
kitchens, planning light- 
ing, conveniences. Plus 
dozens of projects for the 
handyman. 

SCIENCE and MECHANICS, Handbook Division 
505 Park Avenue New York 22, N. Y. 

Q Enclosed is $_- Please send me the S&M 
Handbooks circled below. Each volume is $1 
(includes postage and handling). Please allow 
four weeks for delivery. 

646 647 648 

Enclosed is $3. Enter my special 4 issue sub- 
scription to WOODWORKER'S ENCYCLOPEDIA. 

Name 
(Please print) 

Address 

City lone -State 
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Here is the NEW S&M 

Supersensitive 
PHOTO METER 

NOW 

Complete with 
carrying case 

Every photographer knows that the high quality of his photos depends on the accuracy of his equipment. 

Here is a precision instrument that meets the highest standards of any meter available. Modern Photography 

says "This is certainly one of the most unusual, most versatile and most sensitive exposure meters at any 

price today." U. S. Camera wrote "It is as sensitive as anything on the market. It's so adaptable-those 4 

separate ranges of sensitivity have the effect of spreading the meter's scale." 

Now, the S&M Supersensitive Photo Meter is better than ever! A new plastic cap protects the probe and 

permits diffused light to be read with the cap on. The probe can still be used to read direct light with the 

cap removed. A new positive meter -lock in the OFF position protects the meter's needle. 

The S&M Supersensitive Photo Meter uses the newest cadmium sulfide light cell to measure light levels 

from 0 to 10,000 foot lamberts at ASA speeds of 3 to 25,000. It is successfully used with movie or still 

cameras, microscope, telescope-as well as a densitometer. The computer gives F stops from .7 to 90 and 

lists exposure time from 1/15,000 sec. to 8 hours. 43° angle of acceptance; 4 range selection; EV-EVS-IS 

settings; weighs only 10 ounces. 

And yet-this all-inclusive kit can be assembled with soldering iron and screw driver in less than 2 hours. 

Step by step instructions make it easy-or, order your S&M Supersensitive Photo Meter, fully assembled and 

fully tested. Complete with attractive carrying case. 

$24.95 $29.95 $2.00 
in kit form assembled carrying case only 
No. 101 No. 102 No. 103 

SCIENCE and MECHANICS-Kit Division/505 Park Avenue, New York 22, N. Y. m 

Please send the new S&M Supersensitive Photo Meter as checked below, complete with carrying case. I understand 
that if I am not completely satisfied, I may return the meter within 10 days for a complete refund. 

No. 101 No. 102 No. 103 

$24.95-in kit form $29.95-assembled $2-Carrying case only 

Add 10% for Canadian and foreign orders. New York City residents add 3% for N.Y.C. sales tax. 

Name 
(Please print) 

Address 

City Zone State 

Check or money order Enclosed is $3 deposit, ship COD for 
enclosed, ship prepaid balance, plus postage and COD charges 
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NEW CATALOG 
FEATURES: 

238 Mon y -Saving EPlans 25¢ 
This heavily illustrated catalog contains 238 
plans for money -saving 
projects that are sure to 
appeal to every interest. 
It gives a full descrip- 
tion of plans for build- 
ing a wide variety of boats, electronic and 
electrical equipment, 
powered vehicles such 
as go-carts, model mak- 
ing, trailers, toys and 
games, and home fur- 
nishings. There is even a 
special section for Sci- 
ence Fair protects Boat builders will be interested in 
what full-size patterns are now available on certain 
very popular boats. Send now for this new compre- 
hensive catalog. 

SCIENCE AND MECHANICS. CRAFT PRINT DIVISION 
505 Park Avenue, New York 22, New York 
Enclosed is 25C which I understand will be refunded with my first order. Please send me Catalog #3 which now contains 238 money -saving projects. 

NAME 
(PLEASE PRINT) 

ADDRESS 

CITY ZONE.... STATE 

FOR MORE OUT -OF -THIS -WORLD 
FUN AND KNOWLEDGE/ ORDER YOUR 

SPECIAL SUBSCRIPTION TO . , . 

SCIENCE 
EXPERIMENTER 

4 ISSUE SUBSCRIPTION-$3 

SCIENCE AND MECHANICS, HANDBOOK DIVISION 
505 PARK AVENUE, NEW YORK 22, NEW YORK 

23 

Please enter my special 4 issue subscription to 
SCIENCE EXPERIMENTER 

I enclose $3 Bill me later 

NAME 
(Please print) 

ADDRESS 

CITY ZONE STATE 

r 

A special subscription to 

RADIO-TV 

EXPERIMENTER 
brings you more 
make -it -yourself 
projects 

4 issue 
subscription-$3 
EACH ISSUE 
INCLUDES LATEST EDITION 
OF WHITE'S RADIO LOG 

SCIENCE AND MECHANICS, HANDBOOK DIVISION 
505 PARK AVENUE, NEW YORK 22, NEW YORK 

24 

Please enter my special 4 issue subscription to 
RADIO-TV EXPERIMENTER 

I enclose $3 Bill me later 

NAME 

ADDRESS 

CITY ZONE STATE 

(Please print) 

In One Evening 

The "MINIMAX" 
Just $20 to build 

Your Own Boat 

Minimum cost-maximum performance. You get both 
In ' Minimax." Built in one day at a cost of about 
$20.00. it will carry 2 people, take outboard motors 
ranging from 3 to. 16 hp. and has a water -tight air 
compartment that will support 900 lbs. even with 
the cockpit completely filled with water. As to per- 
formance, "Minimax" will plane a 165 lb. man up to 
16 mph. with a 3 hp. outboard motor. With 10 hp. 
and over, the hull planing area diminishes until 
"Minimax" becomes air -borne and rides upon the 
motor's cavitation plate. Length 8 It. Seam, 4 ft. 
H eight 68 lbs. It's easy to build. 

Enlarged Drawings S Full-size Patterns 
Craft Print #255 T Craft Print #347 78 

available at available at 
YCIENCE and MECHANICS, 
Craft Print Division 
505 Park Avenue, New York 22, N. Y. 
Enclosed is $ Please send me 

No. 255 Minimax Craft Print at $3 3 No. 347 Minimax Full -Size Pattern at $8 
I understand money will be refunded if I am not com- 
pletely satisfied. 
Name 

72 

(PLEASE PRINT) 

Street 

City, Zone, State 
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NOWII.YOU CAN MAKE 

SOUND MOVIES AT HOME! 

S&M Cine -Sync Sound Adaptor 

Converts any 8mm Projector 

The realism of sound at a fantastically low price is yours 
with the newly improved S&M Cine -Sync Sound Adaptor. 
Now you can convert any 8mm silent projector into a thril- 
ling sound projector in minutes With magnetic striping 
added to your film-old or new-you can use music to 

create moods, record commentary or add sound effects to 

see a scene come to life. Erase, record, playback-instantly. 
It's easy to use. Listen and be thrilled by a new dimension 
in home movies. 
Fully assembled for your instant use, the Cine -Sync need 

only be attached to your projector-plug in the microphone 
and you're ready to enjoy sound with 
your own home movies. 

Look at the special features below- 
plus these extras not found in com- 
mercial units elsewhere: 

P.A. position for public address am- 
plification 
Lid for safe storing, protecting criti- 
cal head area 
Easily cleaned and demagnetized 

$96.50 complete 

Add Custom Sound to your Projector 

_5 watt recording and playback 
amplifier 

-Output jack for additional 
speaker 

_Separate erase head 

_Amplifier can be used for P.A. _Synchronizes sound at projec- 

system tion speeds from 16 to 24 f p s 

-Inputs for phono and micro- _Neon record level indicator 
phone for mixing 

_Crystal microphone _105-125 volt -60 cycle 

MNEVAWJUMAllTAINAMA 
MONEY -BACK GUARANTEE 

The publishers of Science and Mechanics 
magazine unconditionally guarantee r the .- 
true sound performance of this sound con- 
version kit. If for any reason whatsoever 
you are not completely satisfied with the 
performance and quality of this unit, you 
may return it to us within 30 days and your 

rr. 

1 

u 

money will be completely refunded. e 

Add 10% for Canadian and foreign orders. 

New York City residents add 4% for N.Y.C. sales tax. 

SCIENCE and MECHANICS / Kits Division 
505 Park Avenue, New York 22, N. Y.7. 

YES-I want the newly improved S&M Cine -Sync. 

D Enclosed is my payment of $96.50. Ship my Cine -Sync 
pre -paid. 

D Enclosed is my deposit of $25. I will pay the balance 
(including shipping and handling) in three equal install- 
ments, one payment per month, starting 30 days after 
receiving my Cine -Sync. 

In either case, I am entitled to the 30 day money -back 
guarantee. 

NAME 
(Please print) 

ADDRESS 

CITY TONE-STATF 
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THERE'S AN S & M HANDBOOK 
FOR EVERY SPECIAL INTEREST 

EACH 
Includes 
postage 

ánd handling 

Use the coupon below to insure yourself that you will receive each issue of the S&M Handbooks you 
direct to your mail box. No chance of missing a single copy, if you order by mail. 
Here's the complete 1963 line-up. Your copies will be mailed to you, postpaid, as they are published during the months shown below. Allow four weeks for delivery of 1962 editions. 

want - 

Handbook Title Edition 
1962 1963 Month of 

Edition Publication 
1962 1963 Month of 

Handbook Title Edition Edition Publication 

*Boat Builder's Handbook *Home Workshop Handbook 
Spring Edition 593. .628 - March Spring Edition 611....624 - February 
Summer Edition ....640 - June Summer Edition 584 .636 - May 

Boatcraft Fall Edition ....649 - August 
Fall Edition ....654 - September Winter Edition ....664 - November 
Winter Edition ....669 - December How To Buy Or Sell Your House ....631 - March 

Camping Handbook 599....635 - April Income Opportunities 

Careers and Jobs ....639 - May Spring Edition ....622 - January 

*Car Repair Handbook 
Winter Edition ....658A- September 

Spring Edition 596....621 - January 
Junior Mechanics Handbook..610.... 

Summer Edition 578. .633 - April Kitchen & Bath Improvements ....648 - July 
Fall Edition 612. .645 - July Painting and Refinishing ... ....641 A- June 
Winter Edition 

*Electrical 
560. 660 - October Photography Guide ....663 - October 

Handbook *Radio-TV Experimenter 
Spring Edition 613....629 - March Spring Edition ....620 - January Fall Edition 585....655 - September Summer Edition 569....632 - April 

Elementary Electronics ....657 - September Fail Edition 609. .644 - July 
Engine Handbook 602....671 - December Winter Edition 582....659 - October 

Fisherman's Manual ....630 - March 
Radio-TV Repairs 662 - October 

Furniture Handbook .666 - November 
*Science Experimenter 

Spring Edition 594. .626 - February 
Garden Handbook 597. .627 - February Fall Edition ....651 - August 
Gun Handbook ....623 - January Small Homes Plans ....673 - December 

High School Mechanics .... ....656 - September Small Investor's Guide 672 - December 
Surplus and Salvage Projects ....653 - August 

Home Appliance Repairs.... ....647 - July 1001 How -To Ideas 
Home -Built Power Tools ....619.... Spring Edition ...625 - February 
Home Modernization Summer Edition ....637 - May 

Handbook 615. .668 - November Fall Edition ....650 - August 

Home Owner's Guide to Winter Edition .665 - November 

Plumbing & Heating - August *Woodworkers' Encyclopedia ....652 
Summer Edition 618. ..634 - April Home Repair Handbook ....638 - May Fall Edition ....646 - July 

Home Study Courses ....642 A- June Winter Edition 661 - October 

Advance subscriptions accepted on these titles: 4 consecutive issues-$3.00 

SCIENCE and MECHANICS HANDBOOKS / 505 PARK AVENUE / NEW YORK 22, N. Y. 
I am enclosing $ Please send me, postpaid, the S&M Handbooks I've circled below. 1963 issues to be sent 
to me as they are published. 

560 569 578 582 584 585 593 594 596 597 599 602 609 610 611 612 
613 615 618 619 620 621 622 623 624 625 626 627 628 629 630 631 
632 633 634 635 636 637 638 639 640 641A 642A 644 645 646 647 648 
649 650 651 652 653 654 655 656 657 658A 659 660 661 662 663 664 
665 666 668 669 671 672 673 

'Enclosed is $ Send me a 4 issue subscription to the following Handbooks (see above for eight different titles). 

NAME 
(PLEASE PRINT) 

ADDRESS 

CITY ZONE STATF 
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An Amazing New Book 

that will help you 

Make More Money! 

ONLY $1 per copy 

At leading newsstands or by mail 
from the coupon below 

Proven money -making enterprises are featured 
in this volume of INCOME OPPORTUNITIES. 
It shows you dozens of successful ways to be 

your own boss-successfully-on a part-time 
or full-time basis. You get first-hand informa- 
tion through success stories that show the 
growth of ideas that have resulted in high 

profit ventures. Yes, you'll find the magic for- 

mula for your success in the pages of INCOME 

OPPORTUNITIES-buying your own copy could 
be the best investment you'll ever make. 

Look at just a few of the subjects covered in 

this astonishing volume: 

HOW TO START A SMALL BUSINESS - The 

outlook has never been brighter for the inde- 

pendent operator. 

HOW TO SELL BY MAIL - An investment of 
about $200 could pyramid into a five -figure 
income; you choose the hours and work in the 
privacy of your home. 

MAKE A FORTUNE WITH A FRANCHISE - If 
you want a business of your own, or have a 

product to sell, franchising could turn your 
dreams into dollars. 

IT'S DEDUCTIBLE - If you operate a home - 

based business, the law allows you tax deduc- 
tions on some of the costs of running your 
home. 

HOW TO OBTAIN FINANCING - Money is re- 

quired to start almost any kind of business; 
that means borrowing. Here's how to swing 
the lender's decision in your favor. 

YOU CAN MAKE MONEY IN LAND - Dollar 
values may vary, but if you improve and pro- 
mote land, you can't lose. Here's expert advice 
on how to make a profit. 

THE IMPORT-EXPORT BOOM - The business 
of world -trade is booming. Whether you're 
buying or selling, here's what you should 
really know. 

714 861E010E AND AICCNAP608 HANUeUGH WINTER Wei 

INCOME 
OPPORTUNITIES 
.óFÀ iHoO i von 

Yowt .iiCh Zew 

33 SUCCESS STORIES 

101 Money Making Ideas 

THE FRANCHISE BOOM 

THERE'S MONEY IN FINS AND FEATURES - 
The game preserve is a realm of plenty for 
sportsmen, and profit for the owners who bag 
big fees each day they spend afield. 

CUSTOMERS FOR YOUR INVENTIONS - Big 
industry is a tough nut to crack, but many 
smaller firms are receptive to ideas. 

CASHING IN ON CATERING - Hot coffee and 
good food, conveniently available, is the com- 
bination for profits. 

BREEDING AND BOARDING CATS - Meet the 
first qualification: love cats. You could be on 

the way to increasing your income in this 
fascinating feline field. 

PROFITABLE FRANCHISING IN retail restau- 
rants, pre -pared potatoes, auto repair, discount 
drugs, young adult entertaining -and much more. 

SCIENCE & MECHANICS / Handbook Division 
505 Park Avenue New York, N. Y. 10022 

Enclosed is $1 (incudes postage and handling). 
Please send my copy of No. 658A 
INCOME OPPORTUNITIES. 
Allow four weeks for delivery. 

NAMF 
(Please print) 

ADDRESS 

CITY 70N E -STAT F 
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NOW YOU CAN SOLVE 

"TOUGH" MATH PROBLEMS 
LIKE THIS! 

+785.2_ x 3 792_, ? 
,I. AS EASY AS I + 1 = 2 

GET A BETTER JOB WITH HIGHER PAY, 
SECURITY IN THIS ATOMIC AGE ! 

Yes, in just hours you can turn into a "math wizard" even 
though you know little about arithmetic! Surprise your friends 
with your "E -Z MATH" ability . enjoy job security and 
advancement ... o better job ... Increase your self-confidence 
and prestige ---all through amazing new "E -Z MATH". 

The world is moving fast these days. In good 
times and bad the ability to handle mathemat- 
ical problems in our age of electronics, auto- 
mation and nuclear science is becoming more 
and more necessary for promotion on the job 
and for higher pay. If you don't think you 
have what it takes-and if you believe that 
"math" is beyond your power-then you're 
in for the biggest surprise of your life! 
For now you CAN learn to DIVIDE, MULTI. 
PLY, ADD and SUBTRACT figures not only 
quickly and easily-but also in a FRACTION 
of the time the average person requires! You 
can actually solve such tough problems as 
multiplying a 5 -figure number by a 7 -figure 
number in your head without ever touching 
pencil to paper . . . or dividing 836791 by 
284, for example, in exactly 15 seconds-even 
if you "flunked" math in school! 

The secret of success in "math" is NOT 
laborious study and wearisome practice-but, 
on the contrary, knowledge of SPECIAL 
SHORT CUTS. LITTLE. -KNOWN METHODS 
of calculation and arithmetical "tricks" that 
take the work and gamble out of figuring. 
These methods-so new and radical that they 
have not yet been incorporated in our school 
systems-take but a few hours to learn. Yet 
they permit you to OUT -THINK and OUT - 
FIGURE the average high school and college 
graduate who hasn't had the benefit of these 
amazing methods! You can even BEAT AN 
ELECTRIC CALCULATOR in answering ma 
problems! 

Figure wit 
e 

SPEED and ACCURA Y! 
"E -Z MATH" shows you in plain, easy -to. 
understand language how to cut figuring 
time in HALF and even in QUARTERS- 
and at the same time arrive at the correct 
answer in every case! The methods and short 
cuts you learn in "E -Z MATH" are fool- 
proof . . . require almost NO memorization 

. and are so practical that you'll find your- 
self using these systems virtually every day. 
You'll become an expert in no time at all. 
Before you know it-you're ready to move 
into that important job you've always wanted 
. . . to drive ahead and in greater responsi- 
bility at higher pay . and ro amaze, sur. 
prise and delight your friends with your new 
magic powers of mental arithmetic! Yes, 
"math" will open up new opportunities for 
you, since the person with "math" know-how 
can just about "write his own ticket." 

E -Z MATH PROGRAM 
O Entire contents copyright 1963 

Sharpen Your Brain Power- 
with Short -Cut "E -Z MATH" ! 

Imagine bring asked to divide 38634 by 891', -and rattling off the answer absolutely cor- 
rectly in 7 seconds! Or-multiplying 369.34 
by 982.7 and coming up with the correct re- 
sult in ll seconds! Or adding 29 numbers 
each with 6 digits --and supplying the right 
total every time! People will GASP at your 
fabulous lightning -quick mind. You'll be able 
to JUGGLE numbers . do STUNNING 
TRICKS . amaze your friends and boss -- 
and he a "master mind!" 
\K'ids a knowledge of "E -Z MATH" you no 
longer need be puzzled by such every -day 
figuring as computing interest charges on in- 
stallment purchases . division, multiplica- 
tion and addition of fractions adding 
long rows of numbers with 100%c accuracy 

adding and subtracting fractions from whole numbers-plus many, many other prac- 
tical and valuable pointers you will use daily 
to your advantage. The few hours you spend with this course will really pay .off. Numbers 
are the basic instrument of all scientific and 
technical work. The man or woman who can 
use "math" is rewarded, recognized quickly, 
moves ahead in his job faster and more surely! 

Order Today on 
Ho -Risk Free Home Trial ! 

Send for "G7, MATH" today on our no -risk daysr money -back guarantee: use the book for 30 
. . prove to your own satisfaction how 

far a knowledge of "E -Z MATH" can 
vance you in business and social life. If you 
don't agree that this is the best investment 
you've ever made if your family and 
friends aren't AMAZED by your new ab¡I¡ty- 
return the hook for full and prompt refund. 

WHAT 
"My 10 yearold hod nearly always foiled arith.metic 

with old -method arithmetic. Then he found 
my copy of 'EZ MATH'. Now in less time than 
you can put the numbers on a blackboard, he 
can multiply 8391726547 by 12. It's amazing and 
incredibly easy. I use it myself on my job and 
my wife uses it to check grocery lists." 

A Father 
"You have o uniquenew teaching approach 
which I complimentotyou. It's the best I have ever 
seen. Pupils' marks seem 
to be climbing as re- 
sult. Should help inany 
ob. Excellent for home 

tutoring u 

-SCHOOL PRINCIPAL 
"Thank you! Thank you! 
Thank you! All child- 
ren using your sys- 
tem too, and it is terrific. 
My husband and 

u 
are 

ing it-and it works! My 
husband has already 
ceived a job advancement 
with tremendous boost in 
pay. Best investment we 
have ever made!" 

-HOUSEWIFE 

This man is multiplying 
numbers that should or- 
dinarily produce the an 
ewer in about 4 minutes. 
The answer appears on 
his blackboard in less 
than 13 seconds flat! Yet 
he knows little about 
math! As a matter of fact 
he failed arithmetic in 
school. Read on to dis- 
cover the fantastic new 
method that even a child 
can learn easily in lust 
a few short hours - at 
home .. . 

CAN YOU SOLVE THESE EVERY -DAY 
BUSINESS AND SOCIAL ARITHMETIC 
PROBLEMS IN THE TIME ALLOWED? 
YOU CAN DO THEM EASILY EVEN 
WHEN BLINDFOLDED-AFTER YOU'VE 
READ "E -Z MATH" 

Blindfold yourself and 

\I Ir 
have someone call 
followingnumbersto you 
as you add them: 

739 
463 
906 
785 
642 

in 6 seconds) T , (Solve 98 _ ? 

8146 

13 X 4 

(Solve in 
9 seconds) 

? (Solve in 4 seconds) 

onth amounts 
tentage yearly?I 

(Solve in 4 seconds) 

1;. % interest per m 

to what per 

367 X 75 = ? 

(Solve in 3 seconds) 

WHAT IS " E E -Z ,.' 
E learn 

method 
MATH" 

" is 
bag sed on aMATH amazing new i and remarkably faster 

numbers --easier than You ever dreamed possible when 
h actor - 

ate 
took math in school. You Possible 

subtract 
- 

newest way of reading numbers-justbe shownh the they were cords -_and of adding andasubtraßh ngtI ,them almost 
a 

r 

ddin a show a glance-INSTANTLY! lancew 
technA e hundreds 

an even 
new technique 

for bers without 
ever d t°e^ e thousands 

o n you'll never add higher a mistake 
, um' ate on you'll whip through eleven! 

figuring! 
Yes, fr 

Yet blems withoutom )I brow h wraxngYor aluable t pro- 1 homewaorkncomefa checking me- SSS never g disliketas a calcu arorgrocsrY You'll cruelly ENJOYor avoid numb [ business! using them to 
numbers-you'll 

Bat ahead in 

THEY SAY: 
"My employee, Joe Malone, asked for a better 
¡ob. t recommended he read 'E.Z MATH'. Now 
that he con do 'tough' problems easily, I've pro- 
moted him to head of his department with a 335. 
weekly increase in pay. I now suggest all em- 
ployees read 'E -Z MATH' if they want to get 
ahead in their jobs." 

Business Executive 

DEPT. R-89 285 Markel ST. 
tiwark, NEW JERSEY 

MAIL NO -RISK FREE HOME -TRIAL COUPON NOW! 

3 

, ' 
i I 

ZONE STATE 

t agree with 

E -Z MATH PROGRAM DEPT. R-89 
285 Market St., Newark, NEW JERSEY 

OK! Prove to me that "EZ MATH" can bring me higher pay, pres- tige and socialadvancement! Rush book to me postpaid in plain wrapper for 30 -day free examination and usa I don't ' 
everything you say about "E.Z MATH" -1 may return book for prompt refund. l am enclosing $2.98 as payment in full. 

NAME 
(Please Print) 

AGE 

ADDRESS 

CITY 



WHERE You Train as Important 
As Your Decisice to Train 

Electronics is a growing 
and expanding industry. 
That's why so many ambi- 
tious men are training for 
careers in this exciting 
field. They recognize the 
opportunities to fill in in- 
teresting and important po- 
sitions. But where a man 
trains and how the school 

of his choice teaches the many fields of Electronics - 
Automation, Radio -Television ... how it encourages 
hint to reach his goals and realize his ambitions ... is 
most important to his success. 

This is a fast changing world. A school offering Elec- 
tronics courses must keep pace. That's why NRI--with 
nearly 50 years of specialized experience-now offers 
nine choices of training. Select the course of most in- 
terest to you and receive the kind of home -study train- 
ing that prepares you for a specialized career. NRI's 
large staff of specialists is always on the job keeping 
your course material up-to-date . helping you earn 
your way while you train . . - assisting you with job 
placement. In short, NRI is qualified to help you grow. 

Special Training Equipment Included 
The NRI "learn -by prac- 
tice" method is the time - 
pros ed way to better pay. 
It makes training easier, 
faster, better. Most NRI 
courses include-nt no ex- 
tra cost -special training 
equipment to give shop and 
laboratory experience in 
your own borne. All equip- 
ment is yours to keep. 

Projects you build. experiments you perform, make 
NRI lessons come to life. Complex subjects take on real 
meaning. You measure voltage and current in circuits 
you build yourself. You use a Vacuum Tube Voltmeter 
which you construct. Later on, you progress to more 
involved experiments. If you like working with your 
hands, you'll enjoy learning Electronics with NRI. 

Oldest and largest School of its Kind 
NRI training of the 60's is based on nearly half a cen- 
tury of experience gained from training thousands of 
men like yourself for new careers. NRI has earned the 
confidence of students, graduates and the Electronics 
industry. They all recognize NRI training material as 
an outstanding educational value. And as the oldest and 
largest Radio -Television -Electronics home -study school, 
NRI can supply training at reasonable cost. Mail the 
postage -free card today for facts on the school, on op- 
portunities in Electronics, on monthly payment plans 
and special Trial Enrollment Offer. \1ìI TRAINING, 
Washington 16, D. C. 

n,ri BACKED BY NEARLY 50 YEARS 
EXPERIENCE TRAINING MEN 
FOR SUCCESS BY HOME STUDY 

JOIN THE THOUSANDS 
WHO TRAINED AT HOME FOR 

NEW CAREERS WITH NRI 
"I want to thank NRI for making it all pos- 
sible," says Robert L. L'Heureux of Needham, 
Mass., who sought our job consultant's advice 
in making applications and is now an assistant 
Field Engineer in the DATAmatic Div. of Min- 
neapolis -Honeywell, working on data systems. 

"I have gone ahead financially ever since I en- 
rolled with NRI," writes Gerald W. Rallies, now 
a chief Instrument Technician of Rio Algom 
Nordic uranium mines and part-time TV engineer 
for CKSO-TV, Elliott Lake, Ont. He enrolled 
with NRI on finishing high school. 

His own full-time Radio-TV shop has brought 
steadily rising income to Harlin C. Robertson 
of Orovitle, Calif. In addition to employing a 
full-time technician, two NEI students work for 
him part-time. He remarks about NEI training, 
"I think it's tops!" 

IIIIIIIIIIIIII 



NOW9 WAYS to Assure Advancement 

or Turn Your Hobby Into a New Career 
No matter how much or how little education you have, 
one of NRI's nine career -training home -study courses can 
help you toward a better future in the great and growing 
fields of Automation -Electronics, Radio -Television. There has 
never been a time when ambitious men with specialized 
Electronics know-how were as much in demand as today. 
Industries, businesses, government, the military all need men 
with practical Electronics training to install, operate, service 
and supervise equipment. Automation continues to eliminate 
jobs for unskilled labor as fast as skilled technicians are avail- 
able to run Electronically -controlled machines. 

YOU TRAIN AT HOME 
WITH THE LEADER nri 
Good jobs await Communications technicians, since broad- 
casting now means more than entertainment; becoming an 
essential in trucks, cars, trains, planes, ships, etc. In the home, 
Color TV has come of age along with FM stereo multiplexing 
and increasing popularity of Hi-fi; television and radio means 
more opportunities for Service Technicians in spare time or 
full time businesses of their own. NRI training has been 
tailored to meet present and future needs of Electronics, Com- 
munications and Servicing. Check the field of most interest 
to you and mail the postage -free card now. NRI TRAINING, 
Washington 16, D. C. 

SEE OTHER IDE, 

Cut Out and Mail Now 
FREE64 -PAGE 
CATALOG 

NO STAMP NECESSARY 
NRI PAYS POSTAGE 

National Radio Institute 
Washington 16, D.C. 3 JA 2 

Please send me, without cost or 
obligation, the latest NRI catalog telling about your 
school and the 9 ways to train at home for a career in 

Electronics -Automation, Radio -Television. (No sales- 

man will call.) 

The Amazing 
Field of 

Electronics 

i0v ire 

Name Age_ 
(Plea. Paint) 

Address 

City Zone State 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 

3 

8 

9 

RADIO AND TELEVISION SERVICING 
Learn to service AM -FM Radios, black and white and 
color TV sets, Stereo Hi-Fi, PA systems, etc. A profit- 
able, interesting field for part-time or full-time business 
of your own. 

INDUSTRIAL -MILITARY ELECTRONICS 
Learn Principles, Practices, Maintenance of Elec- 
tronic equipment used today in business, industry, 
defense. Covers Electronic controls and measurement, 
computers, servos, telemetry, multiplexing, many 
other subjects. 

COMPLETE COMMUNICATIONS 
A comprehensive training course for men seeking 
careers operating and maintaining transmitting equip- 
ment in Radio-TV Broadcasting or mobile, marine. 
aviation communications. Prepares you for FCC 
License. 

FCC LICENSE 
Prepares you quickly for First Class License exams. 
Every communications station must have one or more 
FCC -licensed operators. Also valuable for Service 
Technicians. You train at home. 

BASIC ELECTRONICS 
An abbreviated, 26 -lesson course covering Automa. 
tion-Electronics, Radio -Television language, compon- 
ents and principles. Ideal for salesmen, hobbyists and 
others who find it valuable to be familiar with the 
fundamentals of this fast.growing industry. 

MATH FOR ELECTRONICS 

A short course package of five carefully prepared 
texts that take you from basic arithmetic review 
through graphs and electronic formulas. Quick, com- 
plete and low in cost. 

AVIATION COMMUNICATIONS 
For men who want careers working with and around 
planes. Covers direction finders, ranges, markers, 
loran, shoran, radar, landing systems, transmitters. 
Prepares you for FCC License exams. 

MARINE COMMUNICATIONS 
Shipboa, I transmitting equipment, direction finders, 
depth indicators, radar are all covered in this course. 
You prepare for your First Class Radiotelephone Li- 
cense with Radar Endorsement. 

MOBILE COMMUNICATIONS 
Training in installation and maintenance of mobile 
equipment and associated base stations like those used 
by fire and police, taxi companies, etc. Prepares you 
for First Class FCC License exams. 

CUT OUT AND MAIL 

POSTAGE -FREE CARD 


