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3 New How -To Books 
YOU'LL WANT TO BUY AND KEEP FOR... 

...Your Nome 
HOW TO REPAIR .. . 

Servicing washers, dryers, other appliances. Test- 

ing, maintenance. (No. 527) 

ME IT 

Workshop 

t 

FROM WOOD 

..Your w.... 

MAKE IT FROM WOOD 
Attic vanity bar, writing table, basement musk 

center, planter room divider, etc. (No. 524) 

...Your Hobby 
Building and Racing HOT RODS 
New designs, International drag racing, red hot 

compacts, etc. (No 526) 

Building and Racing - 
HOT RODS 

i.migl..,.6..., ._...r.. w+...... ..... ......,.,. 
111Y4...Mamaka 11 y. .rlwMl..r-lrrntiY 

AT YOUR LOCAL NEWSSTAND, LEADING DRUG STORE, 
SUPER MARKET, OR WHEREVER MAGAZINES ARE SOLD. 

To order, send 75c per copy for regular edition or $2.50 per copy for 
De Luxe edition to: FAWCETT BOOKS, Greenwich, Conn. 

Add 10c per copy mailing charge. Specify books by title and number. 
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EARN zeta,/ 
614- ti°11 Christy Shop- Method Home 

Training makes you a more valuable and 
desirable technician, assures you of more money, faster 
progress and greater success. This practical step -by- 
step training makes everything interesting and easy, 
makes learning fun. 
You don't have to leave home or quit your job to learn 
this simple, easy way. A few hours of your spare time 
each week soon prepares you for earning while learning 
and later for a big -pay job or profitable business of 
your own in this fabulous, fast -growing new industry. 
3 new books contain complete information. Describe 
the course and many opportunities in this fantastic new 
field. Send for your 3 free books today! 

19 TRAINING 
INSTRUMENTS INCLUDED 

In a few months you learn what used to 
take years of hard work to master, reach 
your goal sooner and are better prepared 
to make maximum progress. Send for com- 
plete information today! 

The Only Complete Course! 
C.T.S. training covers every phase of this fascinat- 

ing new subject. You get this comprehensive train- 

ing starting with your first lesson. You learn Rader, 

Sonar, Television, Radio and Electronics in C.T.S.'s 

Complete course. This broader knowledge and 

greater understanding means more jobs and higher 

pay for you. Why be satisfied with less? You learn 

faster and better with Christy Shop- Method Home 

Training. It gives you all the training you need in 

a clear, simple, easy -to- understand way. 

Big pay, interesting work, immediate success, await 
those thoroughly trained in all branches of elec- 

tronics. And the C.T.S. Master Shop -Method Home 

Training Course is the only complete course in 

Radar, Sonar, Television, Radio and Electronics. 

MAIL COUPON TODAY! 
f 

CHRISTY TRADES SCHOOL 

Dept. T -441 

3214 W. Lawrence Ave., Chicago 25, III 

CHRISTY TRADES SCHOOL 
Dept. T- 441, 3214 W. Lawrence Ave., Chicago 25, III. 
Gentlemen: 
Please send me. without cost or obligation, two FREE Lessons and 
the new 24.page illustrated book telling all about the C.T.S. 
Master Shop-Method Home Training Course in Radar. Sonar. 
Television. Radio and Eleetrenles, and the many opportunities 
this new Seld offers. 

Age 

City State 
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HOW TO BREAK INTO RADIO -TV- ELECTRONICS 

A good paying career in Radio -TV- Electronics may 
be closer than you think - regardless of your age, 
education or present job experience. 

You know about the tremendous demand for radio - 
TV and electronics technicians. But something per- 
haps you didn't know is how easy it is to get the 
training that will qualify you for this vital work, and 
how quickly you can advance. 

From the very beginning you will find that your 
I.C.S. course is preparing you thoroughly -at your 
own pace -for an exciting new career. I.C.S. Radio - 
TV- Electronics courses make electronic fundamentals 
clear, easy to follow. You get personalized guidance 
from people who know -and can tell you -what it 
takes to succeed along every step of the way. 

The I. C. S. method makes it possible to learn 
while you earn. You study at home - in your spare 
time. Everything you learn is practical, usable. Your 
mastery of Radio -TV- Electronics assures you of top 

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

pay and real job security in one of today's fastest 
growing fields. 

So if you would like to break into Radio -TV -Elec- 
tronics - your first step is to send for your FREE 
I.C.S. Career Kit. There's no obligation ... and there's 
a whole new future to gain. 

Send coupon below for your 

free I.C.S. Career Kit! 

4.. 
"How to Succeed" career guide 

"Career Catalog" of job oppor- 

tunities In your field of interest 

"Sample Lesson" (math) to dem- 

onstrate the famous I.C.S. method 

I.C.S., Scranton 15, Penna. 
Accredited Member, 

National Home Study Ceundl 

INTERNATIONAL CORRESPONDENCE SCHOOLS iCSI 
BOX E16810, SCRANTON 15, PENNA. In Hawaii reply P.O. Box 418, Honolulu (Partial list of courses) 

Without cost or obligation, send me "How to Succeed" and the opportunity booklet about the field BEFORE which I have marked X (plus sample lemon): 

RADIO 
TELEVISION 
ELECTRONICS 

General Electronics Tech. 

Industrial Electronics 
Practical Radio -TV Eng'r'g 

Q Practical Telephony 
Radio -TV Servicing 

BUSINESS 
Cost Accounting 

Q Managing a Small Business 
Purchasing Agent 

DRAFTING 
Electrical Drafting 

HIGH SCHOOL 
High School Diploma 
Good English 

Q High School Mathematics 

ELECTRICAL 
D Electrical Engineering 

Elec. Engr. Technician 
Elec. Light and Power 
Practical Electrician 

D Professional Engineer (Elec.) 

LEADERSHIP 
Q Industrial Foremanship 

Industrial Supervision 
Q Personnel -Labor Relations 

Supervision 

Name Age Hama Addrer 

Cry Zone Stale working Houn_A -M to_P M 

Occupation Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd.. Mon- 

treal, Canada.... Special low monthly tuition rates to members of the U. S. Armed Force,. 
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BUILD 20 RADIO 
CIRCUITS AT HOME t 

with the New 
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 

* No Knowledge of Radio Necessary 

* No Additional Parts or Tools Needed 

* EXCELLENT BACKGROUND FOR TV 

* School Inquiries Invited 

* Sold In 71 Countries 

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

The "Eau -Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a 

rock-bottom price. Our Kit is designed to train Radio k. Electronics Technicians, making 
use of the most modern methods of home training. You will learn radio theory. construc- 
tion practice and servocong. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, u y regular schematics; how to wore and soldr 
on profesionI manner; how to service 'radio. You well work with the standard type of 
punched metal chess 

.er 
well the latest development of Printed Circuit chassis. 

You will learn the bas c proncpl 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, umng the Progressive Cod Oscillator. You will learn and practice 
!roubl- hooting, using the progrss, Signal Tracer, Progrs, Signal Injector, Pro- 

so 
gre Dynamic Radio Electronics Tesler, Square Wave Generator and the accompany - 
ingulruct,onal materiel. 

You will receive training or the Novice. Technician and General Classes of F.C.C. Radio 
Amateur License. You wil1 l build 20 Receiver' Transmitter, Square Wave Generator, Cod 
Oscillator, Signal Tracer and Signal Injector c reuols, and learn how to operate them. You 
will receive excellent background for television. Ho -Fo and Electronics. 

Absolutely no prey,... knowledge of radio or required. Th "Edu -Kiw" is the 
product of many ye of teaching and eng,neelnig dve. Th "Edu-K,t" will pro- 
ved you with basic education on Electronics and Radadio, worth many tomes the complete 
price of S3E.95. Th Signal T lone i worth more than the price of the entire Kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

in radio or science. Whether you are Inter. 
sled Radin Electronics because you 
want an cant resting hobby, well paying 
business or job w to future, you will find 
the "Eau -Kit" worth -while nvestment. 

Many thousands of individuals of all 

ages and backgrounds have 
c 

ssfully 
used the "EduKit" than 79 coun- 
troe of the world. The 

more 
haw been 

carefully designed, step by step, so that 
you cannot make a mistake. Th Edu -Kit" 
allows you to teach yourself at your own 
rate. No ,instructor is necemary. 

PROGRESSIVE TEACHING METHOD 
The progressive Radio "Edu -Kit' a the foremost educational radio kit in the ld, 

and , .ally accepted as the standard in the field of lectronc training. The M'Edu- 
Kit' uses the modern educational principle of "Learn by Doing." Therefore you construct, 
learn schematics, study theory, practice trouble -hooting -all on a closely integrated pro- 
gram designed to provide a 

n 
silt'- learned, thorough and interesting background , resins. 

You begin by e a ,ng the vr,ou radio part of the "EduK,t." You then learn the 
function, theory and w ing of these parts. Then you build a 

i 

mple radio. With the fist 
set you will enjoy liten,ng to regular broadcast stations, learn theory, practice testing 
and trouble -hooting. Then you build a more advanced radio, learn more advanced theory 
and technique. Gradually, a, progreve and at your ow rats, You will 
find yourself constructing more advanced multi -tube radio circuits, and doing work like a 
profese,onal Radio Technician. 

Included ,n the "Edu -Kit" course re twenty Receiver, Transmitter, Cod Oscillator, 
Signal Tracer, Square Wave Generator and Signal Injector c cart.. These are not unprofe- 

onI "breadboard" eper;mnt, but genuine redo. < .its. constructed by m s of pro- fional wiring and soldering on metal chase,., plus the new method of radio construction 
known as "Printed Circuitry." These cor vets operate on your regular AC or DC bows current. 

THE "EDU -KIT" IS COMPLETE 
You will receive ll part and instruction n cary to build 20 different radio and lec- 

Ironies circuits.. ea end to operate. Our Kits contemn tube, tube sockets, v - 

able, lectrolytie, miar ceramic and paper dielectric co rastors, tie strips, 
oil, hardware, tubing, punched metal chaff,, Instruction Manuals, hook -up wire, solder, 

selenium rectifiers, volume controls and wltc he, etc. 

' 

In addition, you Printed Circuit materials, including Printed Circuit chassis, 
special tube sockets, hardware and instructions. You also r useful set f tools, 
Yroles, oval electric soldering iron and a self- powered Dyn mica Radio and Electronics 
ost,,. The "Edu -K, t" also includes Code Instructions and the aProgrussive Code Oscillator, 

n addil,on te F.G.C. -type Question. and Answers for Radio Amateur Linens. training. You 
will also receive leson for .rvici g with the Progressive Signal Tracer and the rogres- 

a Signal Injector, High F,dedty Guide and a Qu,s Book. You receive Membership in 
RadioTV Club, Free Consultation Service. Certificate of Merit and Discount rivileg.. 
You reeeove all parts, tools, instructions, etc. Everything is yours to keep. 

PRINTED CIRCUITRY 
At no increase in price, the "Edu -Kit" 

now includes Printed Circuitry. You build 
a Printed Circuit Signal Infector, 
unique servicing instrument that can de- 
tect many Radio and TV troubles_ This 
revolutionary new technique of radio 

ruction Is now becoming popular 
in commercial radio and TV sets. 

A Printed Circuit Is a special insulated 
chassis on which has been deposited 
conducting materiel which takes the 
placa of wiring - The various parts are 

,rely plugged in and soldered to ter- 
minals. 

Printed Circuitry Is the bai of modern 
Automation Electronics. A knowledge of 
this wb1.ct i n.ceuity today for 
anyon interested In El.cteoniee. 

95 

Training Eleetraaiel Technieial s Siacl 1945 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 

PLIERS -CUTTERS 
ALI TOOL 
WRENCH SET 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE e QUIZZES 
TELEVISION BOOK RADIO 
TROUBLE -SHOOTING BOOK 
MEMBERSHIP IN RADIO -TV CLUB: 
CONSULTATION SERVICE F.C.C. 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

SERVICING LESSONS 
You will leant troubl- hooting and 

icing 
in progressive manner. You 

will practice repai the t that 
ru you ontct. You woll 

w 
learn symptom. 

end of trouble in home, portable 
and s radios. You will learn how to 
use 

the professional Signal Tracer, the niqu Signal Injector and the dynamic 
Radio Electronic. Tester. Whole you r learning on she practical you 
will be able to do many repair ob for 
your friend and neighbor., and charge 
fees which will far exceed tn price of 
the "Edu -Kit." Our Consultation Service will help you with any technical prob- 
lems you may have. 

FROM OUR MAIL BAG 
J . stataitie. of 25 Poplar I., Water. 

bury, Conn., writes: "1 have repaired 
I sets for my friends, and made 

money. The "Edu -Kit" paid for itself. I 
reedy to spend $240 for Course, 

but I found your ad and sent for your 
B en Valeio, P, O. Boa 21, Mg 

Utah: "The [du -Kits a ondrful. Here 
I e ending you the .uI have and also 
them for them. I have been on 
Radio for the last v n years, but li ko 
to work with Radio Kits, and like to 
build Radio Testing Ewuipmnt. I 
loved every m nine I worked with the 
different kits: the Signal Tracer worn 
fine. Also like to let You know that I 

IonI proud of becoming member of your 
Rdi CluClub." 

Roberbee t L. Shun, 5534 Monroe Ave., 
Huntington, W. Va.: "Thought I would 
drop you a few lone. to .ay that I re 

ived my Edu -Kit, and was really amazed 
that such be can be had at ue- 
a low er,e.. I have Iready no started 
paring radios and phon raphe. My 
mends were easy pri Sid to m 
yet into the swing of it o quickly. The 
Trouble-shooting nTeter that com with 
the K; ,h swell, and finds the 
trouble, ,f there a any to be found." 

--UNCONDITIONAL MONEY -BACK GUARANTEE -- 
ORDER DIRECT FROM AD- RECEIVE FREE BONUS 

RESISTOR AND CONDENSER KITS WORTH S7 

n Send "Edu -Kit" postpaid. I enclose full payment of $26.95. 

I1 Send "Edu -Kit" C.O.D. I rill pry $26.95 plus postage. 
[) Rush me F REE descriptive literature concerning "Edu -Kit." 

Narra 

Address 

PROGRESSIVE "EDU- KITS" INC. 
11U Broadway, Dept. 501CR, Hewlett, N. Y. I 
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THE DUOFLEX 
Complete plans for a bookshelf hi -fi speaker system 
that you can build for under $15. 

By Larry Klein 

THE sound quality of the Duoflex speaker system belies its sim- 
ple construction and modest cost. A striking cabinet design 

enables the speaker to fit harmoniously into the decor of any 
living room or den -either as a solo unit or a stereo pair. And its 
small size means the Duoflex can sit conveniently on a bookshelf, 
which is not the case with many units bearing the bookshelf label. 

Though the acoustic design of the Duoflex is complex, only the 
components, some basic woodworking tools and a few hours of 
your spare time are required to duplicate the superb results 
achieved by our prototype. Any extended -range 8 -inch speakers 
with a free -air resonance around 65 cps will produce good results 
in the system; however, the specific speakers installed in the 
prototype (see Parts List) , gave excellent results at a cost of 

6 

AmericanRadioHistory.Com



 

r 
LA SALLE EXTENSION UNIVERSITY 
A Correspondence Institution 417 South Dearborn St., Dept. 16-045. Chicago 6, III. 

Please send me. without cost or obligation, FREE booklet and full information on the field I have checked below: 

ACCOUNTING 

Complete Accounting 
with CPA Training 

Basic Accounting 

Cost Accounting 

Federal Income Tax 

Accounting Systems 

Auditing Procedure 

Controllership 

CPA Training 

Modern Bookkeeping 

LAW TRAINING 

Bachelor of Laws Degree 

Business Law 

Law of Contracts 
Insurance Law 

Claim Adjusting Law 

L 'n 

Law for Police Officers 

Real Estate Law 

Law for Trust Officers 

BUSINESS MANAGEMENT 

Complete Business 
Management 

Basic Management 

Advertising and Sales 
Promotion Management 

Production Management 

Business Financing 

Credits and Collections 

Office Management 

Business Correspondence 

Personnel Management 

Foremanship Training 

TRAFFIC AND 
TRANSPORTATION 

Complete Traffic and 
Transportation 

Orgonization and 
Management 

Transportation low 

Classification, Rotes and 
Tariffs 

Transportation Agency 
and Services 

SALESMANSHIP 
Sales Management 

Soles Training 

TECHNICAL COURSES 

Auto Body Fender 

Refrigeration 
Air.Conditioning 

Diesel 

Drafting 
Welding 
Motor Tune.up 

NIGH SCHOOL 

High School Diplomo 
[1 Commercial Course 

College Preparatory 
Secretarial Course 

CAREERS FOR WOMEN 

Machine Shorthand 
(Stenotype) 

Dental Assistant 
Secretarial 
Accounting 
Bookkeeping 

1 

Name Age 

Address County 

City & Zone State 

If you had mailed this coupon a year 
ago, your salary could be way up too! 

WHY NOT MAIL IT TODAY ? 

Look at these enthusiastic letters. Have 
you ever seen anything like them? There 
are hundreds and hundreds more that 
pour in from LaSalle students week after 
week, month after month, year after year. 

Do you know that many students report up to 56% pay 
increases even before completing their LaSalle training? 

All LaSalle students have one ambition in common -to 
get out of the ranks of the untrained and earn big money, 
prestige and security in a key job. Isn't that your goal too? 

Without interfering with your present work -and by de- 
voting only a little of your spare time -you too can qualify 
rapidly for a profitable career of your choice through LaSalle 
home study. The cost is surprisingly low. 

LaSalle has been an acknowledged leader in home educa- 
tion for more than half a century. It has provided training 
in business, high school, and technical subjects to more than 
1,000,000 ambitious men and women. Its distinguished 
faculty includes some of the country's most outstanding 
authorities. That is why your LaSalle diploma is a credential 
recognized and respected everywhere. 

Check the subject you are interested in -then send the 
coupon above for FREE booklet. No obligation. 

' My salary has 
increased 400% as 
a direct result of 
my LaSalle studies" 

J 

"Salary more than 
doubled since 
enrolling" 

William T. Black, 
Canoga Park, Calif. 

100 per cent since 
graduation" 

James L. Tanning, 
Manhattan, Kansas 

and a half times my 
former pay" 

Robert Fisher, 
Holbrook, Ariz. 

LASALLE EXTENSION UNIVERSITY 
.4 Correspondence Institution 417 So. Dearborn St., Chicago 5, III. 
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A rotary saw bolecut- 
ter-or similar tool -Is 
used to make the front 
panel cutout sections. 

only $9 a pair. This leave, you some $6 
for lumber and miscellaneous items in 
order to bring in the basic system for 
$15. 

If you want to add an extra shimmer 
to the highs, you can install a tweeter. 
They are available as cheaply as $2. 
We chose an excellent miniature unit 
that sells for $3.60 (see Parts List) . 

The crossover network -capacitor and 
hand -wound coil -will run you less 
than $1. Warning: don't use a standard 
crossover as it will not match the 
speaker impedances. 

The Duoflex may be wired for 16 
ohms by connecting the two 8 -inch 
speakers in series. However, the 4 -ohm 
connection is preferred because of the 
improved electrical damping obtained 
from parallel connection. 

Before installing the speakers, rub your finger vig- 
orously around the speaker cones' corrugated rim. 

8 

Constructing the cabinet is a simple 
job. The exploded view of the cabinet 
is self -explanatory. Only a few notes 
are required. You can use 3/4" plywood 
or Novoply and finish as desired, but the 
dimensions must not be varied from 
those shown. All joints should be se- 
cured with both glue and screws to 
make them as rigid and airtight as pos- 
sible (the back panel is an exception, 
being held in place with wood screws 
only) . If you go in for fancy woodwork- 
ing, you can make miter rather than 
butt joints. The bottom of the baffle 
board and back panel are secured with 
screws brought up through the bottom. 

The speakers, before installation, re- 
quire a simple treatment to lower their 
resonance. As sold, they have a free -air 
resonance of about 75 cps. You can 
bring this down substantially by run- 
ning your finger around the outer edge 
suspension of the cone (see photo) . Use 
moderate pressure, but avoid tearing 
the cone. Two minutes of rubbing will 
reduce the resonance to around 65 cps, 
providing improved bass response. 

The grille cloth may be any acousti- 
cally transparent material mounted 
with tacks or staples. After the grille 
cloth is in place, use 2" or 3/4" wood 
screws to mount the speakers, taking 
care to center over the baffle cutouts. 

The tweeter may not be required by 
your ear since the 8 -inch speakers speci- 
fied have a fairly extended treble re- 
sponse and produce a nicely balanced 
sound in the Duoflex cabinet. If you 
don't add a tweeter, you naturally omit 
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More Bi Training Advan 2S 

WITH TRANSISTORIZED 
METER ... PLUS NEW "MODULAR 

CIRCUITS TO BUILD 

Now Prepare for GOOD 
JOB OPPORTUNITIES IN 
ELECTRONICS Faster -with 
1. METER Transistorized, Portable. AC-DC Multimetei 

2. SCOPE - 5-inch New Streamlined Commercial Type Oscilloscope 

3. ELECTRO -LAB* --For 3- Dimension Circuit Building 

To help you get ready F-A-S-T -E-R ... and THOROUGHLY ... for good-paying job opportuni- 
ties in the fast growing Electronics field, DeVry Technical Institute now prese its the new- 

est and finest training advantages in its over 30 years of experience. Now ... AT HOME ... 
in your spare time, you prepare with "industry-type" home laboratory equipment. To 

provide real PRACTICAL EXPERIENCE, you build a quality Transistorized Meter and a 5-inch 
industrial-type Oscilloscope ... work with small, 3- dimensional circuits on DeVry's new 

Design Console ... use highly instructive home training movies ... and follow up-to-date 
lessons with many time-saving fold-out diagram sheets. 

little wonder DeVry men qualify for such fine opportunities in Space-Missile Electronics, 
Automation, Computer Work, Radio -TV, Industrial Controls, and other fields. 

You learn PRACTICAL techniques important in today's Space Age industry, because you 

build many compact circuits with the streamlined Electro-Lab, using exclusive solderless 
"modular connectors." You perform over 300 construction and test procedure; in all! Your 

self -built test equipment has function-grouped controls, meter scales color-teyed to the 

panel markings - - much like instruments used on today's jobs. What's so important, the 

home laboratory and the test equipment are YOURS TO KEEP! 

AT HOME ! 

INDUSTRY NEEDS 
TRAINED MEN 

Through this remarkable 3 way method. 
DeVry Tech has helped thousands of am 

bilious men prepare for good jobs or their 
own profitable full time or part time sers 

Ice shops It is the newest in a long 

series of PRACTICAL training aids that 
we have pioneered and developed in more 

than three decades of experience Sound 

interesting? Then see how DeVry Tech 

may help YOU Mall the coupon today 

LOYMENT SERV 

From RADIO to SPACE - 
MISSILE ELECTRONICS 
DeVry's training goes all the way from 
radio repair to space-missile elec- 
tronics That's the range of subjects cov- 
ered in its programs AT HOME or in its 
well- equipped training centers in Chi - 

ago and Toronto. You learn up to date 
techniques, working with new equip- 
ment. modern texts, movies -one of to 
day's finest combinations of training 
equipment . geared for RESULTS! 

ICE 
When you complete the program, 

EMP DeVry's efficient Employment Service 

is ready to help you get started. There Is no extra charge- ever -for this aid. 
ACCREDITED MEMBER, NATIONAL HOME STUDY COUNCIL 

DeVRY INSTITUTE 
CHICAGO TORONTO 

OSCILLOSCOPE 

MAIL COUPON FOR FREE FACTS 
DEVRY TECHNICAL INSTITUTE ... 
4141 Belmont Ave., Chicago 41, III., Dept. FEI -T 

Please Rive me your two free booklets. "Pocket Guide to Real 
Earnings" and "Electronics in Space Travel "; also include details 
on how to prepare for a 

( 

n Electronics. I am interested in 
the following opportunity fields (check one or more): 

Space g Missile Electronics Communications 
-eievision and Radio Computers 
Microwaves Broadcasting 
Radar Industrial Electronics 
Automation Electronics 

Name 
nuaa em.Ir 

_Age 

Address Apt. -. 

City lone State 
Check here if you face military service. 

Canadian residents: Write DeVry Tech of Canada, Ltd. 
970 Lawrence Avenue West, Toronto 19, Ontario 

9 
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TWEETER 

Full L -C crossover with tweeter control is wired 
as above. The woofers are connected in parallel. 

PARTS LIST 

Lumber- Approx. IO square feet of /" plywood or 
Novoply. Finish as desired 

Speakers -Two r Noreico speakers (AD -3800) 
available from Olson Electronics, Stock #5-2711 
(2 for S9) 

Optional -2" tweeter (Olson, S -345; $3.60); 4 mf 
non -polarized capacitor (Olson, C -958; 39s); 
Coil, if used. I1 lb. spool of #18 nameted solid 
copper wire. Use any I- to 25 -watt amplifier 

The wiring diagram below shows the speak- 
ers and a tweeter wired with a capacitor 
only. If a coil is added. insert it at the point 
marked X between the capacitor and the 
right -hand speaker. The size of the tweeter 
cutout depends upon the tweeter that is 
selected. The suggested tweeter (see above) 
takes a 134" diameter hole. If a tweeter 
is not used. do not cut the tweeter mounting 
hole shown in the front panel cutout plans. 

USE V." s ì." WOOD +.) 

FOR ALL CLEATS 

GLUE 

20" 

O 

BACK 

-- SET BAO( 1 11/2" 
FRONT CLEATS 

I 1/8" 

BAFFLE BOARD i,/ CLEAT 
SHOWING TIGHTENING AND 
FASTENING OF GRILLE CLOTH 

GRILLE CLOTH WITH 1/4 RD CLEATS 

12" 

10 3/4" / 

CORNER DETAIL (REAR VIEW) 

BAFFLE BOARD CUT -OUTS AND DIMENSIONS (FRONT VIEW) 

r 20" 

GRILLE CLOTH RED 

10" 

BAFFLE BOARD 

TWEETER 

10 

CLEATS 

CAPACITOR 
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COMMERCIAL OPERATOR 

F.C.C.LICENSE 
l 

en Jobs úz Electronics 
F.C.C. LICENSE -THE KEY TO BETTER JOBS 

An F.C.C. commercial (not amateur) license is your ticket to 
higher pay and more interesting employment. This license is Federal 
Government evidence of your qualifications in electronics. Em- 
ployers are eager to hire licensed technicians. 

WHICH LICENSE FOR WHICH JOB? 
The THIRD CLASS radiotelephone license is of value primarily 

in that it qualifies you to take the second class examination. The 
scope of authority covered by a third class license is extremely 
limited. 

The SECOND CLASS radiotelephone license qualifies you to 
install, maintain and operate most all radiotelephone equipment 
except commercial broadcast station equipment. 

The FIRST CLASS radiotelephone license qualifies you to 
install, maintain and operate every type of radiotelephone equipment 
(except amateur) including all radio and television stations in the 
United States, its territories and possessions. This is the highest class 
of radiotelephone license available. 

GRANTHAM TRAINING PREPARES YOU 
The Grantham Communications Electronics Course prepares you 

for a FIRST CLASS F.C.C. license, and it does this by TEACH- 
ING you electronics. Each point is covered simply and in detail, 
with emphasis on making the subject easy to understand. The 
organization of the subject matter is such that you progress, step - 
by -step, to your specific objective -a first class F.C.C. license. 

CORRESPONDENCE OR RESIDENCE CLASSES 

Grantham training is available by correspondence 
or in resident classes. Either way, you are trained 
quickly and well. Write, or mail the coupon below, to 
any division of Grantham School of Electronics. Our 
free booklet will be sent to you immediately. 

HERE'S PROOF... 
that Grantham students prepare for F.C.C. examina- 
tions in a minimum of time. Here is a list of a few of 
our recent graduates, the class of license they got, 
and how long it took them: 

License Weeks 
Cary DeLeo, 9219 N.F.. 76th St., Vancouver. Wash. __ 1st 12 
Dennis P. Miller, 416 W. Oak St., Alexandria, Va. __ 1M 12 
Cecil C. Hironlmus. 113 Berwick Rd.. Johnstown, Pa. _ 1st 12 
Max D. Reece. 4222 Prem..nt Ave. N., Seattle 3. Wash. tat 20 
Robert Benn., 3602 Military Bd. N.W. Washington, D.C. 1st 12 
Jun M. Martin, 7913 Sausalito Ave., èanoga Park, Calif. 1M 24 
Kline H. Mengla. 401 Granvill Dr., Silver Spring. Md. gal 24 
Gary D. Barnard, Johnson Rd., Kirkwood. RD Its, N.Y. tel 12 
Newton E. Haret Inds. 316 Poplar Hill Ave.. Salisbury. Md. let 12 

FOUR COMPLETE SCHOOLS: To better serve our many students 
throughout the entire country, Grantham School of Electronics 
maintains four complete Divisions - lochted in Hollywood, Calif., 
Seattle, Wash., Kansas City, Mo., rind Washington, D.C. All Divi- 
sions of Grantham School of Electronics offer the same rapid 
courses in F.C.C. license preparation, either by honte study or in 
resident classes. 

Get your First Class Commercial F.C.C. License in 12 weeks by training at 

rang hunn School OF ELECTRONICS 

i HOLLYWOOD 

CALIF. 

SEATTLE 

WASH. 

KANSAS CITY 

M0. 

WASHINGTON 

D. C. 

1505 N. Western Ave. 
Hollywood 27, Calif. 
(Phone: HO 7 -7721) 

101 Marion Street 
Seattle 4, Wash. 

(Phone MA 2 -7227) 

3123 GiHham Road 
Kansas City 9, Mo. 
(Phone. JE 1 -6320; 

121.19th Street, N.W. 
Washington 6, D. C. 

(Phone: ST 3.36141 

r 
31 ', ! / 1505 el Western 101 Mr, o" 3123 Gmhen erg 

O t '" Hellywood Seattle Kansas City Washington 1 

= 1 1 

z I Please send me your free booklet telling how I can get 1 

E 1 my commercial F.C.C. license quickly. I understand there 1 

= I is no obligation and no salesman will call. 1 

Name Age - -_ 

I Address- 1 

E I City - -- State_ - - - - - 

I am interested in: Home Study, Resident Classes p i( ... 

for FREE Booklet CLIP COUPON and mail 
in envelope or paste on postal card. i 

To: GRANTHAM SCHOOL OF ELECTRONICS 1 

971 :9,,. NA 

I 
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the tweeter opening in the front panel. 
However, if you do like extended highs 
almost any type and impedance tweeter 
may be used. Horn types and 4 -ohm 
tweeters may require an attenuator, 
such as the 50 -ohm pot shown in the 
diagram. If the control action is too 
abrupt, try a 25 -ohm pot instead. The 
recommended tweeter does not need a 
potentiometer. 

A sealed -back tweeter may be 
mounted inside the cabinet, using the 
manufacturer's recommended opening, 
but a tweeter with the rear of the cone 
exposed should go on top of, or along- 
side the speaker cabinet to avoid inter- 
action with the 8- inchers. 

The crossover should be about 5 kc, 
even though the tweeter manufacturer 
may recommend a lower figure. A single 
non -polarized paper or oil capacitor 
hooked up as shown in the cabinet dia- 
gram provides a high -pass filter. This 
means that only highs are allowed to 
pass through to the tweeter, while the 
8 -inch speakers get both the highs and 
lows. A 4 -ohm tweeter requires an 8 
or 10 mf capacitor, an 8 -ohm tweeter a 
4 mf capacitor. A 16-ohm tweeter uses 
a 2 mf capacitor. 

A full inductance- capacitance cross- 
over provides improved performance in 
the mid -frequencies. The L -C crossover 
not only keeps the lows out of the 

12 

The author's prototype 
had front panel remov- 
able. Here the cabinet 
is being lined with a 
layer of glass wool. 

tweeter but in addition prevents the 
highs from reaching the 8- inchers. The 
capacitor values for the L-C crossover 
are the same as given above and depend 
on tweeter impedance. 

The .13 millihenry coil which is con- 
nected in series with the woofers is 
made by tightly winding about 100 turns 
of #18 enameled wire on a 11/2" length 
of 1" wooden dowel. The end pieces of 
the coil form are made of 2" discs of 
Masonite or any other flat nonmetallic 
material. You can cut out the discs with 
the same hole cutter used for the cabi- 
net's baffle openings. Do not screw or 
nail on the disc end pieces; use glue. 

After the speakers are wired, it's a 
good idea to check their phasing. Do 
this by connecting a flashlight battery 
across the speaker leads. Both cones 
should move either in or out at the mo- 
ment of contact. If the cones move in 
opposite directions, switch the leads 
going to one of the speakers. 

The coil may be held in place by loop- 
ing a length of tape around its middle 
and stapling the tape to the cabinet wall. 
After the speakers are mounted, line 
the inside of the enclosure and the back 
panel with a 1 -inch layer of glass wool 
(fiberglass) . Ordinary lamp cord is fed 
through a I/4" hole drilled in the back 
panel for connection to the 4-ohm taps 
on your amplifier. 

AmericanRadioHistory.Com



New Model 161 UTILITY TESTER® 

FOR REPAIRING ALL 
ELECTRICAL APPLIANCES 
MOTORS AUTOMOBILES TV TUBES 

As an electrical trouble shooter the Model 161: 

IT'S SO EASY!? 

with testers Cord In outlet, cur- 
rent consum tlon of appliance is 
read direct on meter when line 
cord ts connected to receptacle on 
panel This typical Iron lakes 7 

nmperes (Good) 

Will test Toasters, Irons, Broilers, 
Heating Pads, Clocks, Fans, Vac- 
uum Cleaners, Refrigerators, 
Lamps, Fluorescents, Switches, 
Thermostats, etc. 

Will test all TV tubes (including 
picture tubes) for open filaments 
and burned out tubes. 

Measures A.C. and D.C. Voltages, 

(Both 110 Volt and 220 Volt 
lines). 
Will measure current consump- 
tion (amperes) while the appli- 
ance under test is in operation. 
Incorporates a sensitive direct - 
reading resistance range which 
will measure all resistances com- 
monly used in electrical appli- 
ances, motors, etc. 

As an Automotive Tester the Model 161 will test: 
Both 6 Volt and 12 Volt Storage Batteries Generators Starters 

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

hems All Lamps and Bulbs Fuses Heating Systems Horns Also 
will locate poor grounds, breaks in wiring, poor connections, etc. 

Simply insert tube in appropriate 
socket then follow procedure as out- 
lined in our manual 

Control circuits of most furnaces 
use 24 volts obtained from cep - 
down transformer. Here's how to 
check room thermostat to we it 
aires to it are live 

Small tier ric fan motor indicates 
50 ohms (normal resistance). 

T r.i Cenrrators 

READ THIS! 
Test Stor ge Bat erles 

READ TH S! 
Tear tIr ult. Breaker, 

READ THIS! 

1'111'1-1 

INCLUDED FREE!! 
his 56- pag- book -practically a 
condensed course in electricity. 

Learn by doing. 
Just rood the following partial list 
of contents: 

Whtls electricity' Simplified 
version of Ohms Law What is 
wttage, Simplified wattage 
charts How to measure volt- 
ge. current, resistance and 

leakage How to test all electrical appliances and 
motors using simplified trouble -shooting technique. 

How to test all TV tubes; also almple procedure for 
determining which specific tube for tubes) Is causing 
the trouble. 

How to trace trouble In the electrical circuits and 
parts In automobiles and trucks. 

Model 161 comes complete 
with above book and tep 
lends. Only .... 

You don't pay for the Model 161 until AFTER you have examined it in the privacy of your home! 

SEND NO MONEY WITH. ORDER 
PAY POSTMAN NOTHING ON DELIVERY 

Try it for 10 days before you 
buy. If completely satisfied then 
send $5.00 and pay the balance 
at the rate of $5.00 per month 
until the total price of $22.50 
(plus small P.P. and budget 
charge) is paid. If not completely 
satisfied, return to us, no ex- 
planation necessary. 

ACCURATE INSTRUMENT CO., INC. 
Dept. D -240, 911 Faite 5f., Bronx 59, N. Y. 

Please rush me one Model 161. If satisfactory I agree to pay $5.00 within 
10 days and balance at rate of SS per month until total price of $22.50 
(plus small P.P. and budget charge) is paid. If not satisfactory, 1 may 
return for cancellation of account. 

Nome 

Address 

City zone_ State 
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For the man who has everything .. . 

and needs help to get rid of if . 

The Panic Button 
By Fred Maynard, Motorola, Inc. 

SAY YOU'RE the hard -pressed Madi- 
son Avenue type. You worry about 

everything ... about the winter house, 
the summer house, the three cars, the 
two boats, the wife, the kids, the girl 
friends. Sweat pops out on your brow, 
your grey flannels get greyer. What do 
you do next? 

Relax ... and just press your handy 
Panic Button. Help is on the way. In 
fact, everybody in the office will be on 
the way to your sweatbox to find out 
what the heck the racket is. So you pass 
on all your problems to them and stop 
worrying. 

The original version of the Panic But- 
ton was an electronic siren hardly as big 
as a giant -size Miltown box. With an in- 
genious transistor circuit, a homemade 
coil and a handful of standard parts, it 
produces the piercing wail of a true 
siren. As a novelty, it attracts attention 

14 

everywhere -if that's your life's aim. 
However, the Panic Button also has 

a serious side. The fact that its circuit 
does produce a true siren wail makes it 
applicable for police, Civil Defense and 
other emergency duties. On a police car 
it can be combined with a small PA sys- 
tem to form a dual -purpose unit. Its 
output is sufficient to drive an efficient 
PA horn large enough to alert a whole 
area. And the Panic Button's cost is a 
fraction of the selling price of an air 
siren. 

Construction 
You may build the button in any box 

large enough to contain the parts. You 
can see some of the versions in the lead 
photos. The author's model is built in a 
31/4" x 21/8" x 1%" Minibox. 

Inductor Ll can be wound in a few 
minutes. The core is a 1/4" diameter 2" 
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The future is YOURS in TELEVISION! 
A fabulous field -good pay- fascinating work -a 
prosperous future in a good job, or independence in 
your own business! 

Coyne brings you MODERN -QUALITY Television Home Train- 
ing; training designed to meet Coyne standards at truly lowest cost 
-you pay for training only -no costly "put together kits." Not an 

old Radio Course with Television "tacked on." Here is MODERN 
TELEVISION TRAINING including Radio, UHF and Color TV. 

No Radio background or previous experience needed. Personal 
guidance by Coyne Staff. Practical Job Guides to show you how to 
do actual servicing jobs -make money early in course. Free Life- 
time Employment Service to Graduates. w 
akilIEWEL. ` ' , 11 1 1 .iTi 
CHARTERED AS AN EDUCATIONAL INSTITUTION U. COMIC h, nww.r 

NOT FOR PROFIT Cargo -m. r..rtt.00 +Ma rd a"hat 
1501 W. Congress Parkway Chicago 1. Dept. 43 -114, ad.. u. raroa, are.r, s.r wtvwd 

.. .re..I:er.eaooto /.t.t.d.'mod.e rrn. 

Send Coupon o write to address below 

fo Free Book 

and full details, 
including easy 
Payment Plan. 
No obligation, no 
salesman will call. 
r 

COYNE Television 
Home Training Division 
Dept. 43 -H4 New Coyne Building 
1 301 W Congress Porky., Chicago 7, III. 

Send Free Book and details on how I can get 
Coyne Quality Television Home Training at 
low cost and easy terms. 

Name 

Address 

City State 

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

ELECTRONICS 

I 

I 

I 
I 

ON REAL 
Motors- Generators 
-Switchboards- 
Controls- Modern 

Appliances - 
Automatic 
Electronic 

Control Units 

TELEVISION 
7"' ELECTRONICS 

ON REAL 
TV Receivers- I 
Black and White 1 

and Color 
AM -FM and 
Auto Radios I 

Transistors 
Printed Circuits 1 

Test Equipment I 

COYNE 
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 Olgxrrt unit i,,, in Elea-Ironies- 
which describes all training offered in EI -Et iii CITY 
and TELEVISION- RADIO FLECI'HONICS -no 
obligation; NO SALESMAN WILL VISIT. 
Coyne Electrical tea& 1501 W. Congress Parkway 
Chartered Not For Profit Chicago 1, Dept. 43-f - --,' 
MAIL COUPON móó ii: :s°LOw 

COYNE ELECTRICAL SCHOOL 
Dept.43-F -New Coyne Building 
1501 W. Congress Pkwy., Chicago 7, III. 
Send BIG FREE book and details of all the 
training you offer. 

Name 

Address 

City State 
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long iron stove bolt with two nuts. 
Screw one nut about 11/2" from the head 
end. Next, cover the bolt with a layer or 
two of plastic electrical tape to protect 
the wire from the sharp threads. The 
coil should be scramble -wound between 
the nut and the head of the bolt keeping 
an even distribution of wire over the 
winding area. The turns should be kept 
fairly tight since loose turns may result 
in "ragged" sound. 

Start at the nut end of the bolt and 
wind about 150 turns of No. 28 cotton 
or nyclad insulated wire. Bring out a 
2" loop in the wire (for the center tap) 
and then continue to wind 150 more 
turns in the same direction. Wrap the 
coil with a layer of tape and mount it on 
a bracket or directly to the cabinet with 
the spare nut. The 2" loop tap goes to 
the negative battery terminal. 

Circuit Operation 
The oscillator comprises Cl, Ql, Ll, 

Rl, and R2 in a conventional Hartley 
oscillator with inductive collector to 
base feedback. The Hartley oscillator 
alone, however, would produce a sine 
wave and would sound more like a 
whistle than a siren. The siren effect is 
achieved by choosing the proper values 
of Cl, Rl, and R2 which establish a 
quench frequency determined by their 
time constant. The quenching frequency 
is highly sensitive to the voltage at the 
junction of Rl and C2, rising to a high 

16 

frequency as the voltage increases. 
The charging voltage at the junction 

of Rl and C2 is dependent on the time 
constant of R3 /C2. In other words, R3 
controls the rate at which the frequency 
of the tone rises. When SW1 is closed, 
the voltage across C2 starts to rise and 
continues to do so, as long as SW1 re- 
mains closed, causing the sound to rise 
in frequency. Eventually equilibrium 
is reached and the pitch remains con- 
stant. When SW1 is released, C2 dis- 
charges through Rl and R2, the voltage 
at the junction of Rl and C2 falls, and 

For ear -splitting volume an inexpensive PA trum- 
pet such as the Olson Model S 350 may be used. 
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RCA training at home can be the 
smartest investment you ever made 

Look what 

you get in 

the Course in 

Radio and 

Electronic 

Fundamentals 

40 
Fascinating 

THEORY 

LESSONS 

Containing all the basic 
principles of radio and 
electronics in easy -to-un- 
derstand form. 

15 KITS 
to build a Multimeter, 
AM Receiver and Sig- 

nal Generator. Kits 
contain new parts for 
experiments, inte- 
grated so as to demon- 

strate what you learn in 

the lessons and to help 

you develop technical 
skills. Each kit is fun to 

put together! 

40 EXPERIMENT 
LESSONS 

Each containing absorb- 
ing, practical experiments 
bound together in 20 
book.. 

40 SERVICE 
PRACTICES 

nRtwx 
estnnus 

Full of practical, time-sav- 
ing and money- saving serv- 
icing tips, bound into 20 
books. 

PLUS ALL THIS AT NO EXTRA COST.-- 

MULTIMETER 
A sensitive precision meas- 
uring instrument you build 
and use on the job. Big 
41" meter with 50 micro- 
amp meter movement. 
20,000 ohms -per -volt sen- 
sitivity d-c, 6,667 a-c. 

AM RECEIVER 
Have the satisfaction of 
building your own radio 
receiver with this high - 
quality 6-tube superhetero- 
dyne set. Big 5" speaker, 
fine tone! 

Also, comprehensive, fully- integrated home study 
courses in Television Servicing Color Television 
Automation Electronics Transistors Communica- 
tions Electronics Computer Programming Elec- 
tronic Drafting. Stake out your future in electronics 

SIGNAL 
GENERATOR 

A "must" for aligning and 
trouble -shooting receivers. 
Build it for your own use. 
170 KC to 50 MC funda- 
mental frequencies for all 
radio and TV work. 

with any one of this wide variety of courses. 
Practical work with the very first lesson! Pay -only- 
as- you -learn! No long -term contracts to sign! No 
monthly installments required. Pay only for one study 
group at a time, if and when you order it! 

SEND FOR FREE HOME STUDY CATALOG TODAY! 

r 
RESIDENT SCHOOL COURSES 
in Loa Angeln and New York City offer 
comprehensive training in Television and 
Electronic.. Day and Evening cl . Free 
Placement Service. Catalog free on re0ue.l. 

RCA INSTITUTES, INC. 
A Service of Radio Corporation of 
America 350 W. 4th St.. New York 
14, N. Y. 610 S. Main St., Los An- 
geles 14, Calif. 

The Most Trusted 
Name in Electronics 

RCA INSTITUTES, INC. Home Study School, Dept. ED -43 

A Service of Radio Corporation of America 
350 West Fourth Street, New York 14, N. Y. 

Without obligation. rush me the FREE 64 -page illustrated booklet "Your Career in 
Electronics" describing your electronic home study training program. No salesman 
will call. 

Name..- 

Addetti 

City 

Veterans: Eater discharge date. 

lar State _......_...._ 

CANADIANS -Take advantage of these same RCA courses at no additional cost. 

No postage. no customs, no delay. Send coupon to: RCA Victor Company, Ltd.. 
5581 Royalmount Ave.. Montreal 9, Quebec. 
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the frequency of the sound lowers 
gradually. The rate of rise and decay can 
be varied by changing the value of R3 
or C2. The pitch of the tone can be 
changed by using a different value for 
Cl. Both the speed at which the sound 
rises in frequency and the upper limit 
of its frequency are dependent on the 
battery voltage. You can experiment 
with different part values to achieve the 
most desirable effect with the battery 
selected. 

Almost any audio transistor will pro- 
duce oscillation in this quenching cir- 
cuit. However, the dynamic range of the 
siren tone will be greater if a high -gain 
transistor such as a 2N1193 is used. An 
even greater dynamic range can be pro- 
duced by using two low -gain transistors, 
such as 2N1191s, in place of Ql, in 
the Darlington amplifier configuration 
shown in the schematic. However, this 
may require further changes in the 
values of Rl, R2, and Cl. 

The oscillator output is emitter -fol- 
lower coupled to the base of Q2. For best 
results, the impedance of the speaker 
voice coil should be in the range of 45 
to 100 ohms. Ten -ohm speakers work 
well but deliver less audio power, some- 
what thinner quality sound, and cause 
a much higher current drain on battery 
B1. B1 can be from 3 -9 volts; greater 
volume and a higher pitch is attained 
with a higher voltage. 

If a three -transistor circuit is built 
and a 10 -ohm voice coil speaker is used, 
it will be necessary to power the Button 
with at least size D flashlight cells. If 
only penlight cells can fit in the housing, 
it is necessary to use Alkaline Energizer 
cells, such as Eveready E91, to supply 

18 

Inside view of one of the more compact ver- 
sions of the Panic Button. Components are 
mounted on a perforated board with a cutout 
for the loudspeaker. Arrangement not critical. 

62K 
C2 

1OOMF 

X2 

X3 

PARTS LIST 

Resistors: r/2 wait, 0% 
RI- 62,000 ohms 
R2- 220,000 ohms 
R3-47,000 ohms (see text) 
R4-330 ohms 
Capacitors 
CI -.05 mf, 100 volt or higher paper or ceramic 
C2 -100 mf, 15 volt electrolytic 
PBI -SPST push button switch 
SWI -SPST slide switch 

Q1 
-2 ,41193 transistor (Motorola) 
2- 2N669, 2N554 or 2N176 power transistor 
(Motorola) 

Q3A Q3B- 2NI191 transistors 
LI- Special coil (see text) 
Spkr-l00 -ohm miniature speaker (Quam 22A062100) 

Available from Allied Radio and other distributors 
II-3 volt to B volt (see text) 

For greater dynamic range transistors Q3A,B 
may be used instead of Ql. The two-transistor 
d.-c. circuit is inserted at the numbered points. 
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the necessary current. Since the standby 
current (SW1 closed, PB1 open) of the 
3- transistor, 10 -ohm voice coil speaker 
circuit is over 300 ma, SW2 should 'De 

turned off when the siren is not in use. 
An ideal housing for a king size 

Panic Button is a $5.95 intercom sub- 
station sold by McGee Radio Co., 1901- 
07 McGee St., Kansas City 8, Mo. The 
catalog number is M -45. The sub -station 
contains a 4" speaker and an output 

transformer with a 45 -ohm primary. In 
addition, it includes a small chassis and 
a spring -loaded DPST switch that can 
be used for PB1. 

When Q2 is connected to the primary 
of the transformer, its load is 45 ohms 
instead of 10 ohms; a much better match. 
Also, the battery drain will be lower. 
The chassis as supplied will easily ac- 
commodate all the Panic Button's com- 
ponents. 

NOT 
USE 

E 

03A & 0313 
SOCKET 

(BOTTOM VIEW) Power transistor Q2 in pictorial above is shown 
mounted in a Motorola power transistor socket. 
Home wound coil L1 is installed on small bracket. 

19 
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printed circuit 

POCKET RADIO 
Combination regen and reflex circuit 
soup up simple two- transistor receiver. 

THE POCKET RADIO receiver would win almost any construction project 
popularity poll. But the hobbyist contemplating the construction of one 

has a problem. What circuit should he use? Superheterodynes work well 
but are expensive, complex and require alignment. On the other hand, a 
one- or two -transistor receiver may require 10 to 20 feet of antenna to pull 
in anything. 

Here, then, is a little receiver that resolves the dilemma. Using two inex- 
pensive transistors and a handful of other components, all major stations in 
an area can be received without an external antenna. The completed receiver 
fits into a small plastic case and all components (with the exception of control 
R3 and phone jack J1) are mounted on an etched circuit board. 

The etched circuit board is made first. Following the instructions in the 
preceding article and using the full -size template as a guide, lay out the cir- 
cuit with 3/8" tape resist on the foil side of the board. 

After etching the board, two small slots are cut for the mounting lugs of 
transformer Tl. Push Tl's lugs through the slots and bend them over tightly 
against the chassis. Tuning capacitor Cl is fixed to the board with Duco 
cement. 

The components can now be sol- 
dered to the board. Thread the 
leads through the appropri- 
ate holes from 
the non foil 
side and solder 
to the foil side. 
Clip off the ex- 
cess lead length 
after soldering. 
The shield lead 
on transistor Ql 
is not used and 
and should be 
cut short. 
This com- 
pletes the 
wiring of the 
circuit board. 

Drill two 
holes in the 
plastic case for 
J1 and the 
shaft of Cl. For 
the type of vol- 
ume control 
(R3) shown, 
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3 - 3/8 " -- 
MAKES CONTACT WHEN 

PLUG IS INSERTED 

In pictorial above. 
the foil side of the 
board is shown in 
an X -ray view. All 
components are 
mounted on the non - 
foil side of the board. 
Standard compon- 
ents are used 
throughout circuit. 

PARTS LIST 
Resistor's: 1/2 watt, 10% 
RI- 15.000 ohms R4 -1,000 ohms 
R2- 270,000 ohms RS -2,200 ohms 
R3-5 500,000 ohm miniature R6- 18,000 ohms 

volume control -any type R7-470 ohms 
Capacitors: Low voltage disc ceramic, unless otherwise noted 
CI- 10.365 mmf miniature variable ca- C3 -500 mmf 

pacitor plus tuning dial (Lafayette C4-I50 mmf 
MS -274 and KN -24) C5-30 mf @6 -volt, miniature electrolytic 

C2 -12 mmf C6-.01 mf 
TI- Transformer, 100,000 ohms to 1,000 LI -flat transistor antenna coil 

ohms (Lafayette TR -97 or equiv.) (Lafayette MS -330) 
RFCI -3.3 millihenry choke (National 1 -2N374 transistor 

R-40) 82 -2N217 transistor 
DI,02 -1N60 diodes 

81 -9 -volt battery (RCA VS309A or equiv.) 
Misc- Earphone, 7,000 ohm (Lafayette MS -260) Other less expensive 3,000 -ohm ear- 

phones may be used with some loss of sensitivity; plastic case, 3% "x2% "xl" 
(Lafayette MS -159 or equiv.); perforated copper -clad board, resist, etc. 
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Full -size template for laying down the tape resist is shown at right. Only those holes which take 
the component's leads are shown. Note that the resist tape goes over, not between, each row of holes. 

two outside holes for the mounting 
bolts and one center hole must be 
drilled. The control is positioned on the 
top half of the case so its three lugs 
protrude over the cover edge. A small 
groove is filed to clear the control lugs. 

If the type of control shown is not 
available to you in the 500,000 -ohm 
size, any miniature pot of the correct 
resistance value may be substituted for 
the one shown. If the standard type of 
potentiometer is used, it may have to be 
located in a position other than that 
shown in the pictorial. 

Rather than use a pot with a switch 
for turning on the radio, it was decided 
that the old trick of modifying the ear- 
phone jack as a switch would be em- 
ployed. Battery life is conserved since a 
glance at the jack tells you if the set 
has been accidentally left on. Bend the 
center contact of J1 as shown in the pic- 
torial so it will connect the battery when 
a phone plug is inserted. 

Place the circuit board in the bottom 
half of the case. Connect R4 to volume 
control R3 and solder the appropriate 
wires from the circuit board to Jl, R3 
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and R4. Close the case and attach the 
tuning dial to the shaft of Cl. To turn 
on the receiver, simply plug in the ear- 
phone. 

If the receiver whistles as you tune 
across the band, try using a smaller ca- 
pacitance value for C2. 

How it works. A combination of re- 
generative and reflex operation is the 
secret of this receiver's sensitivity and 
selectivity. The RF signal is picked up 
by ferrite antenna Ll and fed through 
C3 to the base of Ql, where it is ampli- 
fied. The RF signal now appears at 
Ql's collector and is fed back into Ll 
(via C2) for further (regenerative) am- 
plification. The souped -up RF signal is 
next fed from Ql's collector via C4 to 
detector diodes D1 and D2 (hooked up 
in a voltage- doubler circuit) . The 
audio output of the diodes is reapplied 
to the base of Ql (from the cathode of 
D1) and Ql now functions also as an 
audio amplifier. From Ql the amplified 
audio signal is coupled by Tl to output 
transistor Q2 for final amplification, and 
then fed to the earphone from the col- 
lector element of Q2. 
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You can build your own underground wireless 

communications system with the . . . 

TERRAQUAPHONE 
By Fred Maynard 
Motorola semiconductor Products 

HUNTERS, campers, anglers, and other outdoor types may possess closets full 
of expensive equipment; but there is one item they're all likely to lack. That 

is a means of communication when in the field. 
Unless a sportsman is also a ham or a Citizens Band licensee, he is cut off from 

the world when his hunting party splits or his fishing party spreads out. Whether 
he wants to tell his companions, "Hey come 

on over; they're biting here," or wants to 
summon help, he has no way to transmit 
his message. 

The Terraquaphone answers this need 
for communications in the field. It also 

has other applications as an emergency 
signaling device, and hobbyists will 
find it an interesting experimental 
apparatus. 

As the name Terraquaphone 
(earth -water phone) im- 

rt.._ 
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Transistor amplifier is heart of Terraquaphone. Talk -Receive switch (SW2) is shown in Talk (depressed) 
position. In Receive position, power transistor Q3 is switched out and current drain is only 10 ma. 

PARTS LIST 

This list includes all components necessary for one 
Terraquaphone station. For two stations double the 
quantities. 
Resistors: 1/2 watt, 10 /. R4-470 ohms 
RI,R8-4700 ohms R5 --6800 ohms 
R2- 100,000 ohms R6- 33,000 ohms 
R3- 10,000 ohms R7 -2200 ohms 
Capacitors: 15 volt or higher rating 
CI,C3 -1 mf, paper or disc ceramic 
C2 -15 mf, electrolytic 
C4,C5 -5 mf, electrolytic 
TI -Any 6.3V filament transformer (used as output 

transformer) 
SWI-SPST toggle switch 
SW2-4 -pole, 2- position spring return lever switch 

(Centralab No. 1457) 
81,82 -Two 6V lantern batteries in series, 8 size D 
flashlight cells, or car storage battery 

3I,J2- Insulated banana jacks 
I,Q2- 2N1191 or 2N650 

Q3-2N176 or 2N669 
Probes -2 each of the following 1/2 "x18" copper. 

steel or aluminum rods- pointed. Flexible wire, 
banana plugs, battery clamps 

Sockets -2 standard transistor sockets, I Motorola 
M -15 mounting kit 

See -Zak Chassis Parts 4 -R38 sides, 2 -P138 panels by 
Rimak, 10929 Vanowen St., N. Hollywood, Calif. 

Handset -includes carbon microphone and 35 -100 
ohm dynamic earphone. May be purchased as 
separate items. Handset available from Olson 
Electronics, stock No. PH -37 @ S2.35 post paid 
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plies, the instrument transmits voice 
communications through earth or water. 
It is an underground wireless telephone 
or "radio." 

An Old Idea 
The idea of communicating via earth 

currents can be traced back to the year 
1885 when an American, Nathan B. 
Stubblefield, achieved wireless commu- 
nication using telephone equipment and 
ground stakes. Many now credit Stub- 
blefield with the invention of radio, but 
what he actually invented probably was 
the underground wireless telephone. 

There's a considerable difference be- 
tween underground radio and under- 
ground wireless telephone although the 
terms often are used interchangeably. 
In underground radio, an RF signal is 
radiated into the earth. A portion of it 
reaches the surface and is propagated 
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Subchassis with all amplifier components. Sockets of 
Ql, Q2 are mounted using small standoffs, Q3 socket 
is set on aluminum heat sink. Small nails driven into 
wooden base serve as tie points for components. Ap- 
proximate dimensions of the sub-chassis wooden base 
are 21/2x6x1 /1 (or 1/2)". Heat sink dimensions are 212x4". 
Exterior dimensions of the chassis box are 8x8x3 ". 

Numbered leads from case mounted components (be- 
low) connect to leads from subchassis shown above. 
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Subchassis is titled in cabinet as above. Avoid 
shorting out the wiring, components or tie points. 

along the interface between earth and 
air. A range of more than 100 miles is 
possible if sufficient power is applied. 

Audio Transmission 
Underground wireless telephone is 

something else again. No RF is em- 
ployed. Instead, audio signals are 
pumped into the earth and travel 
through soil and water in all directions. 
The éarth then becomes a giant sheet 
resistance and conducts the audio signal 
just as would a sheet of metal foil (al- 
though offering much more resistance) . 

Receiving probes put down almost any- 
where in this sheet pick up the signal. 

The Terraquaphoné s range depends 
on many variables. They include the 
homogenity of land or water in terms 
of resistance, moisture content (a Ter - 
raquaphone test in Arizona where the 
soil is quite dry achieved only 600 feet) , 

absence of rocks (insulators) , and the 
amount of dissolved salts in a body of 
water. 

The Secret is Spacing 
Since the sheet resistance concept is 

probably new to most readers, a word 
of explanation is in order. The two 
probes stuck into the ground will meas- 
ure a certain resistance between them, 
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as we mentioned before. The total re- 
sistance is actually composed of the 
resistance directly between the two 
probes shunted by an infinite number 
of other resistances, growing larger and 
larger as the resistance paths between 
the probes become more circuitous. 
Since the signal fed into the earth is de- 
veloped across these resistances, it is 
necessary to place the pickup probes so 
they include as much signal path be- 
tween them as possible. In general, the 
two sets of probes should be parallel to 
each other. The spacing of each pair is 
determined by the distance between the 
two Terraquaphones. The farther apart 
they are, the greater the range. Other 
things being equal, usable two-way 
communications usually is possible over 
a distance 30 to 50 times the probe 
spacing. A spacing of 30 feet then would 
mean a 1,500 -foot range. 

If probe spacing, sheet resistivity 
and orientation remain the same, signal 
strength diminishes as the square of the 
distance. Thus, doubling the distance 
between two Terraquaphones cuts sig- 
nal strength to one -fourth its original 
level. 

Since it is impossible to know exactly 
what sort of conductivity there is in any 
specific area, a certain amount of ex- 
perimentation is required to achieve 
optimum results. 

For a boat installation, the Terraqua- 
phone's probes should be mounted on 
the bow and stern of the craft. Two 
boats wishing to communicate should 
be parallel to each other, with beam 
facing beam. 
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STEREO FM SIGNALLER 
R 

Spotlight those elusive stereo broadcasts with an 

easy -to -build signaller that works with any tuner or 

multiplex adaptor. We also present plans for adding 

filters and a cabinet to your stereo FM adaptor. 
By Harry Kolbe 

rj1HE QUESTION, "Are you sure you're getting stereo ?" is an- t swered automatically if you have an adaptor or tuner that 
signals when stereo is received. For those whose equipment does 
not include such a useful function, here are plans for a universal 
add -on stereo signaller. 

Signaller may be built as a separate unit on a small chassis 
(as shown) or, if there is room, can be put into an existing tuner 

Fig. I -One -tube signaller 
may be constructed on a small 
chassis with panel as shown 
or built into an existing multi- 
plex adaptor. B -plus voltage 
is taken from either the tuner 
or adaptor. Filament voltage 
is supplied by transformer. 

RI,R2 -I0 megohms, 1/2 watt, I0 
R3- 47,000 ohms 
R4- 100,000 ohms 
RS-1.2 megohms 
R6- 270,000 ohms 
R7-556,000 ohms " 
C1 -.001 mf, 600v., disc capacitor 
C2--.68 mmf " " " 
C3,CS -500 mmf, " 

100.1 

R 

C6 
1000 
5151F 

500 
6611 

( 
CS 

ILI 

O1 1060 

ro s. 
ISO-leov OC 

t---1 TO 050 

R7 

S61c 

OLI 

ers' 

C4 -1,800 mmf, 600v., disc capacitor 
VI -I2AX7 or ECC83 tube 
DI -IN60 crystal diode 
TI- Filament transformer 6.3 v. @ I amp. 
NLI -NEST neon lamp in pilot lamp assembly 

with clear jewel 
LI is a 15 -60 mh TV width control (Miller 

6319). The required inductance is 4-S0 mhs 

or adaptor. If you have built a stereo adaptor ors a printed cir- 
cuit board there may be room to build the signaller on the same 
chassis. 

Power for signaller is tapped either from the FM tuner or 
adaptor: 150 to 180 volts of B -plus are necessary (keep the 
B- voltage down to 160, no higher than 180. If you exceed 180 
volts signaller will stay on constantly) . 117 volts AC is tapped 
off after the tuner on /switch to feed filament transformer Tl. 
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Fig. 2 -Signaller is shown on a flat surface 
rather than built in a chassis to permit its con- 
struction directly into an FM tuner or your multi- 
plex adaptor. Coil L1 mounts in the hole to the 
right of the tube socket. Transformer Ti mounts 
in dotted line area on opposite side of chassis. 

VI 

TO RT,NLI 

GREEN 
TI r , 

TO POWER 
TRANSFORMER 

ON -OFF SWiTCN ON 
TUNER OR ADAPTOR 

TO TI 
ISLAM 

TAPED SPLICE 

y. 

GND 

Completed signaller, less B-plus supply. Coil Ll 
is mounted between pilot lamp assembly and VI. 
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TO Bt 

TO 
POWER SW 
(SEE ABOVE) 

TO MAIN 
CHASSIS 

GND 

The signaller uses separate filament 
transformer because the added filament 
drain on the tuner supply might over- 
load its power transformer. The tuner's 
B -plus supply will not be overloaded 
since signaller requires only 1.5 -2 ma. 

The two input jacks (J1, J2) on sig- 
naller are wired in parallel. A low - 
capacity shielded cable connects J1 to 
the tuner's multiplex jack; J2 is con- 
nected to the multiplex adaptor input. If 
signaller is built directly on the chassis 
of a tuner or an adaptor, the jacks may 
be eliminated and the signaller con- 
nected directly to the appropriate points 
both for signal and B -plus voltage. 

Component layout is not critical; 
however, some care must be taken in 
the location of coil Ll if signaller is 
built in an existing unit. Keep Ll away 
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from audio circuitry which may pick 
up the amplified 19 -kc pilot signal. 

The only slightly tricky step in con- 
struction is the modification of Ll, a 
standard TV width control. Ll's coil 
form is about a half -inch too long for our 
purposes and must be shortened. 

Taking care not to damage the wind- 
ing; pull the mounting clip off the coil 
form. The tuning slug will come off with 
it. Apply small amounts of cement sol- 
vent to the fiber collar that holds the 
two terminal lugs. Be careful not to get 
solvent on the coil windings. The ce- 
ment holding the collar soon will soften 
enough to allow the collar to be moved. 
Slide the collar along the coil form to 
within '/a" of the coil and re- cement. 
Cut off about Y2" of the section now 
exposed. Re- insert the slug assembly 
and push the mounting clip back on the 
form. Ll is now mounted by pushing it 
through the 16" hole until the mounting 
clip clicks firmly in place. 

Adjustment of signaller: After the 
four power connections are made (see 
pictorial) , a shielded cable is connected 
between J1 on the signaller and the 

tuner's multiplex jack. Turn on the 
tuner and tune in a station that you are 
sure is broadcasting stereo. Now adjust 
the slug of Ll until the neon indicator 
goes on. 

The circuit relies on thé 19 -kc signal 
that always accompanies a stereo broad- 
cast to fire neon bulb NL1. The signal 
from the tuner's multiplex jack is fed 
through a high -pass filter consisting of 
Cl, C2 and Rl. This filter attenuates 
audio frequencies below 19 kc. VIA, 
which has a high input impedance to 
avoid loading down the tuner detector, 
amplifies frequencies of 19 kc and up. 

V1B is so biased that it is normally 
drawing enough current to keep the 
voltage at its plate slightly below the 
voltage necessary to fire or sustain neon 
indicator NL1 (60 v.) . When the 19 -kc 
signal appears at the grid of V1B it is 
rectified by Dl, which puts a relatively 
high negative potential on the grid. The 
high negative grid voltage cuts off V1B 
and the plate voltage rises high enough 
(70 v.-110 v.) to fire NL1. Flickering 
of the bulb while tuning should be ig- 
nored. 

FILTERS AND CABINET 
for your Stereo FM Adaptor 

For that cooler, cleaner stereo -add a filter to your multiplex adaptor. 

Although a number of commercial 
adaptors do not include filter circuits, 
our tests have indicated that they are 
almost mandatory. Let's look at the rea- 
sons. All MX adaptors operate with a 
high -level 38 -kc internal signal. In some 
units, the 38 -kc signal is the amplified 
and doubled pilot carrier broadcast by 
the FM station. In other adaptors, the 
38 kc is generated by an oscillator syn- 
chronized by the FM station's pilot 
carrier. 

Within the adaptor the 38 -kc level 
may be as high as 30 or 40 volts and de- 
spite de- emphasis, an appreciable 38 -kc 
signal may appear at the output in addi- 
tion to the stereo signal. Although the 
38 -kc signal can't be heard, amplifiers 
and tweeters can respond to it. It could 
overload the amplifier or even burn out 
a tweeter's voice coil. And when tape - 
recording stereo broadcasts, the output 
of the adaptor or its harmonics could 

Fig. 3- Cabinet for your MX adaptor and signaller 
may be constructed to suit requirements of user. 
A suggested cabinet for the printed -circuit version 
of the adaptor would have a metal front panel '/2" 
wider than the chassis. The cabinet would be 
built of 1/4" plywood bolted to the chassis sides. 
The cabinet sides should be about 1" higher 
than the tallest component used in the adaptor. 

VENTILATED 
CABINET TO _F_11---" 

SMALL MACHINE BOLTS 
FOR MOUNTING , 
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schematic showing changes. The new 
components required are listed below. 

NEW COMPONENTS 
Resistors: 'h watt, 5% 
RI,RIA- 51,000 ohms 
R2,R2A -8,200 ohms 
R3.R3A -10,000 ohms 
R20,R21 R22.R23- 22,000 ohms 
Capacitors 
CI,CIA -82 mmf, 5% silver mica 
C2,C2A -430 mmf, 5% 
C3,C3A -5I0 mmf, 5% 
C15,C14 -.005 mf Cie 200v. tubular or disc 
SI -DPST toggle or slide switch 
Misc. -S-lug terminal strips with center lug 

grounded 

C1 
1121,11111- 

R2 
6 2K 

NIA 
SIN 

C2 
3OMMF 

co 
T 510MF 

IOK 

I 

C13 
,--005MF 
I 

CI" - 
F 02 R21 

CIA 
s2NMF 

N2A ! 21I 

C2A 
30MMF 

C3A 
510MMF 

beat with the recorder's internal bias os- 
cillator and cause beat notes or birdies. 

Several filter systems were tried and 
for our purposes, the best design turned 
out to be a modified twin -T filter. This 
filter not only incorporates a null over 
the 38 -kc region but also provides de- 
emphasis. Not as critical or expensive 
to build as other types, the two filters 
(one for each channel) may be con- 
structed using 5% tolerance resistors 
and capacitors. 

Since the stereo FM broadcasts have 
an inherently lower signal -to-noise 
ratio than mono, a switchable high -fre- 
quency noise filter has also been added 
to the adaptor. In a weak signal area, a 
restricted high- frequency response may 
be less objectionable than noise. The 
noise filter consists of two capacitors, 
C15 and C16 (one for each channel) , 

which when switched in by S1 provide a 
high -frequency roll -off starting at 5 kc. 

Construction steps are as follows: 
(1) Mount Noise Filter switch S1 on 

chassis apron on the side of output jacks 
J2, J3 opposite power switch SW1. 

Important: Before unsoldering any 
connections, use a heat sink to protect 
diodes Dl and D2 against heat damage. 

(2) Remove the original C15 and C16 
capacitors (.001 mf) from the circuit 
and discard. (3) Disconnect the leads 
of C17, C18 to matrix terminal strips. 
Now a 4" length of black hook -up wire 
is connected to the lug in place of C17. 
A 4" length of red hook -up wire is con- 
nected in place of C18. (Leave the other 
lead of each capacitor connected to its 
respective tube socket pin.) (4) Re- 
move the original 1% resistors R21, R22, 
R23, R24 from the matrix terminal 
strips and discard. Substitute the new 
values of R21, R22, R23, R24 (see Parts 
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List and Fig. 4) . Capacitors C13 and 
C14 remain unchanged. (5) Assemble 
the components (except C15, C16, C17, 
C18) on the two 5 -lug filter strips as 
shown in Fig. 5. Note that the center lug 
of each strip is grounded. (6) Mount the 
two filter terminal strips with 6-32 hard- 
ware. One strip (we will call it A) is in- 
stalled approximately under C19; the 
other is installed approximately where 
C17 is located. (7) Now wire in the 
two strips as per Fig. 5. Connect the 
free end of C18 to the filter strip A 
located under C19. Connect C17 to the 
other strip. (8) Connect the previously 
installed red lead from one matrix strip 
to the A filter strip where C18 and R1A 
meet. At this same lug connect one lead 
of the new capacitor C16. 

Connect the previously installed 
black lead from the other matrix strip 
to the junction of Cl, Rl on the filter 
strip installed adjacent to C17. Connect 
C15 to the same lug. (9) The free ends 
of C15 and C16 are connected to Noise 
Filter switch S1 as shown in Fig. 5. Sl's 
other two terminals connected to the 
nearest ground point. 

Fig. 5-New inter strip to be added to original 
adaptor. Note that two of these must be built. 
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Electronic 
Fish Lure 
A fisherman's dream come true. 
Have fun, Sons of Izaak Walton. 

By Forrest H. Frantz, Sr. 

IT is generally known that fish are attracted 
by light and sound. As a result, there have 

been a large variety of fish lures marketed to 
entice the denizens of the deep to the angler's 
hook. 

However, most fish lures use expensive high - 
voltage batteries. This one employs a single 
1.5 -volt flashlight cell to operate both the light 
and the sound portion of the gadget. Only a 
buzzer, an inexpensive miniature output trans- 
former (T1), and an alligator clip are required 
for construction of the unit which is then 
housed in a small waterproofed glass jar. 

Construction 
First fasten a 4" length of wire to each of 

the buzzer screw terminals and run these leads 
through the back of the buzzer. Place a few 
fiber or metal washers between the battery 
holder and Tl and the back .of the buzzer to 
make the holder and Tl flush with the back 
edge. Next fssten the battery holder in place 
over the bu.:zer mounting hole. Solder a lead 
from the frame to the screw and solder one 
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Place washers under trans- 
former and battery holder 
for flush mount against 
edge of buzzer. Alligator 
clip connected to lug on 
battery holder starts unit. 
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of T1's green secondary leads to its 
frame. Solder the other green secondary 
lead and the lead from the buzzer coil 
terminal to the positive battery holder 
terminal. Solder the clip to thè other 
buzzer lead which should be long 
enough to permit clipping to the nega- 
tive battery terminal. Connect the red 
primary leads of T1 to the neon lamp. 
Fasten the neon lamp to the battery with 
a rubber band and place the battery in 
the holder. 

If the buzzer sounds too loudly, you 
can weaken its signal by inserting a 
small value resistor at the point marked 
"X" in the schematic. 

Operation 
To operate the lure, all you need do 

is connect the clip to the negative bat- 
tery terminal and adjust the buzzer con- 
tact screw for a clear high frequency 
note. This adjustment may be somewhat 
critical and you may have to repeat it 
several times. Install the buzzer in the 
jar, fasten the lid, and lower the lure 
into the water on a line. If necessary, 
add weight to the jar, and use cello- 
phane tape to hold the components and 
the weights in place. 

A hook made of No. 14 copper wire 
may be soldered to the jar lid for attach- 
ing the line. Since a glass jar is used, it's 
a good idea to provide a similar hook on 

the inside of the jar lid to permit tying 
a string to the battery holder. Then, if 
the jar is broken by accident when the 
lure is submerged, the contents will 
not be lost. If through some accident the 
jar does break, the electronic compo- 
nents should be dried by placing in the 
sun or an oven. If immersed in salt 
water, rinse in fresh water before dry- 
ing. 

This lure provides continuous sound 
and light. Those anglers who prefer pe- 
riodic or intermittent sound and light 
can add an external remote on -off 
switch for operation from the boat. 
Leads will have to be added and brought 
out through waterproofed insulated 
terminals in the lid and given several 
coats of spar varnish. You could also 
install a mercury switch between the 
clip and buzzer and position it so the 
lure is normally on. Attach a string 
to the jar to tilt the unit to switch 
it off. 

How It Operates 
The pulsating direct current that ap- 

pears across the buzzer terminals is 
stepped up by the primary of Ti. The 
high AC voltage across the secondary 
of T1 energizes the neon lamp. T1 con- 
nected in reverse steps up the voltage 
to almost 100 volts, sufficient to light the 
neon bulb. 

T 

PARTS LIST 
NLI -NE -2 neon lamp 
TI- Miniature output transformer, 2,000 ohm pri- 

mary, 8 -ohm secondary (Lafayette TR -93 or 
equiv.) 

I -I.S -volt code practice buzzer 
I -1.5 -volt battery and matching holder I- Alligator clip 

NLI 

When buzzer contacts open, collapsing 
magnetic field in primary of Ti induces 
high voltage in secondary to light NL1. 
Add a resistor at X to weaken buzzer. 
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HEAD PHONE ADA O 

Don't waste watts! Here's an 

inexpensive device 

that allows you to 

connect any of the 

new low- imped- 

ance headphones 

directly to the out- 

put jacks of your 

stereo preamp 

or AM -FM 

stereo tuner! 

By Harry Kolbe 

OUTPUTS 

J3 C) T n J4 

Schematic of complete adaptor. Optional jacks )6, 77 are 
used only with headphones which have dual phone plugs. 

B J5 
v 

C A I PHON ES 
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PARTS LIST 
RI,R2-- 40-ohm wirewound potentiometer 
71.72-output transformer -Primary: 7,000 -10.000 

ohms, Secondary: 3-8 ohms (Lafayette Radio 
TR-69 or the equiv.) 

JI-4- single -hole mounting phono jack 
J5-3- conductor, open circuit phone jack (to match 

headphone plug) 
SI -SPST slide or toggle switch 
52 -DPDT slide or toggle switch I- aluminum utility cabinet approx. 4" z 5" x 3" 
J6,J7 -See text 

Unit with its front panel dropped to show the internal wiring. 
Transformers are installed toward rear and in position shown. 

ALTHOUGH the new 8 -ohm stereo 
headphones are ideal for solo hi -fi 

listening, they present problems. In the 
first place, it's a nuisance to have to 
disconnect the speaker leads from the 
amplifiers and replace them with the 
headphone leads. And secondly, it 
seems wasteful to use two high- powered 
amplifiers to drive a pair of headphones 
which require only a fraction of a watt 
for ear -splitting volume. 

This impedance -matching switch box 
solves both these problems in one fell 
swoop. A Phones -Amp. switch (S2) 
provides instant choice of phone or 
speaker listening, and the impedance 
matching feature permits the direct 
connection of 8 -ohm headphones to the 
preamp or tuner instead of to the am- 

plifier's 8 -ohm output terminals. 
The box contains two output trans- 

formers, Tl and T2, which serve as the 
impedance matching devices. The 
units specified in the parts list can be 
purchased for only 39c each. Po- 
tentiometers Rl and R2 across the 
secondaries of T1 and T2 are large 
enough not to load down the head- 
phones and yet allow compete control 
over the level of the signal fed to each 
ear. 

Phones -Amp. switch S2 receives the 
stereo signals from the preamp or tuner 
via Jl and J2. In the Phones position, 
S2 feeds the signals to the primaries of 
Tl and T2, while in the Amp. position, 
the signal is routed directly to the in- 
puts of the amplifiers via J3 and J4. For 
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Adaptor is constructed in two separate assemblies. front panel and cabinet. which are later interconnected. 

standard mono reception, Stereo-Mono switch, Si parallels J1 and J2 so a signal 
appearing at either jack is fed to both earphones. 

Construction 
The wiring and assembling of the adaptor box is evident from the pictorial. 

For ease of construction, the front panel on which the two switches, pots and J5 
are mounted should be assembled and wired first. The cabinet containing the two 
transformers and the four phono jacks is then assembled. Note that the jacks are 
the new single -hole mounting type that do not have a fiber mounting plate. The 
shielded wires have their shield leads connected to the ground lugs of the jacks 
and their hot leads connected normally. No ground connection is made to the 
shielding at the end of the leads connected to S2. Make sure that you allow enough 
shielded lead to enable the front panel to lie flat as shown in the pictorial. 

Transformers (Ti, T2) are mounted at right angles to each other and as far to the 
rear of the case as possible to allow sufficient clearance for the front panel com- 

ponents. A ground lug is installed 
under a mounting tab of each trans- 

former and the red and bare leads 
are soldered to the lugs. (Some 
transformers may have two bare 
secondary leads instead of one bare 
and one green lead.) Make sure 
to scrape the enamel off the bare 
lead before soldering or a bad joint 
may result. 

When FM stereo multiplex pro- 
grams start coming through, the 
headphone adaptor will work equally 
well connected to the outputs of your 
multiplex adaptor. Most MX adaptor 
units have cathode- follower outputs 
and hence can drive the headphones 
through the adaptor box. 
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Interference Reducer 
You can kill most radio noise from ap- 
pliances with a .1 mi. 600 -volt capaci- 
tor. Connect it across the line inside 
the appliance, if possible. or mount in 
a small metal or plastic box. Tougher 
cases may require two capacitors with 
the ou-side leads connected across the 
line and their center leads twisted to- 

gether and grounded to a water pipe. 

TRY THESE 

Can -Opener Knob Puller 
To help loosen a tight radio, TV. or hi -fi push-on 
knob, a puncture -type can opener makes an ideal 
tool. The opener is bent at just the right angle 
and its wide tip won't cause damage to either the 
push-on knob to be removed or the unit's cabinet. 

Tube Maintenance Record 

A chart of all the tubes in your TV, their function 
and replacement date pasted to the back of the 
set will help in predicting the life in each tube. 
Mark down the location of each of the tubes also. 
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An Experimental 

NEGATIVE iON 
Generator 
Here's an inexpensive home -built device that dupli- 
cates costly commercial units 
By George Gordon 

BY ALL odds, the most -talked about new electronic device now on the mar- 
ket is the negative -ion generator. How well these invisible particles do the 

jobs claimed for them is open to some question (still in basic research) , but the 
fact remains that a great many negative ion generators are being sold for $75 
to $100 and more. 

We therefore present the Negative Ion Generator as an experimental appa- 
ratus. It is an interesting project to build and its method of operation can make 
an engrossing study. Cost can be held to less than $20. 

This generator also includes an optional ozone lamp (OZ1) which may be 
switched on (with SW2) for short periods to rid the air of unpleasant odors. 
It should not be turned on continuously because high concentrations of ozone 
can be harmful. 

All components of the generator are standard including the radioactive ele- 
ment, which actually is an anti -static "jewel" normally used to keep records 
dust -free. The radioactive ionizing element is a tiny bit of radium sul- 
phate set in a metal cup. It emits about 90,000 alpha particles (or elec- 
trons) a second and has a half -life of more than 1,500 years. It is quite 

RADIUM 
SULPHATE I( 

METAL CUP 
\\ 

ALUMINUM 
FILTER 
SCREEN 

5R) SR4 SRS 

C2 
IMIT 

Rt 
))MEG 

-1200V DC 

Voltage Doubler 

PARTS LIST 
TI -Power transformer, 475 to 525 volt center - 

tapped high voltage secondary (center tap un- 
used), or 1000 volt secondary for half -wave 
hookup 

CI -.I mf 1000 volt tubular capacitor 
C2 -.I mf 1600 volt tubular capacitor (You may 

substitute two .05 mf @ 1600 volt capacitators 
connected in parallel for CI and C2) 

SRI -SRS- Silicon rectifier, 200 ma, 400 volt peak , 
inverse voltage. (Available for 50c. each at Tab, 
III Liberty St., New York, N. Y.)__(SRI must have 
a PlY rating of at least 1500 volts °Current rating 
of I ma or higher is adequate) 

PARTS LIST (Continued) 
RI -3.3 meg, 1/2 watt resistor 
Ozone lamp-4 watt G4S11 (Available 

from Lafayette Radio and elsewhere) 
Aluminum Filter -5 -Z Kleen manufac- 

tured by Research Products Corp. 
(Available at hardware and air con- 
ditioning supply stores) I- Ionizing Jewel Audiote Atomic 
Stat Elem. By Audiotez Mfg. Co.. 
400 S. Wyman, Rockford, III. 

I -Fan and motor 
1 -12" speaker baffle 

Ti 

SWt 

Hall Wave 

I SRI 
1000 

VOLTS 
C1 
IMF 

NEGATIVE 
LEAD 
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Aluminum filter screen sections 
shown are both part of front screen. 
O21 and BL1 lamps are optional. 

JEWEL 

ALUMINUM 
FILTER SCREEN 

ALUMINUM 
FILTER SCREEN 

(FRONTI 
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Ionizing jewel is glued in a 14" hole drilled in 
a 1" block of wood glued to unit's front paneL 

harmless unless it's swallowed or held 
close to the nose for a long period. The 
electrons emitted by the element join 
molecules or atoms of oxygen (oxygen 
usually exists in molecular form in na- 
ture) . Since each electron carries a 
negative charge, it upsets the balance 
of the neutral molecule and transforms 
the whole mass into a negative ion. 

The generator propels these ions out 
into the room with a 1,200 -volt negative 
charge on the metal cup and aluminum 
filter screen. Air set in motion by the 
fan also helps circulate the ions around 
a room. Keep the enclosure at least a 
foot away from any wall to insure an 
adequate air flow through the rear of 
the cabinet. 

The particular filter screen specified 
for the front and rear of the enclosure 
is a new product designed as an air con- 
ditioner filter replacement and the 
manufacturer claims that it effectively 
removes dust, pollen, etc., from air pass- 
ing through it. Resistor (Rl) isolates 
the screen from the power supply and 
eliminates all possibility of shock. 

Construction 
The voltage doubler circuit shown 

uses the full high voltage secondary 
winding of an ordinary power trans- 
former to deliver 1,200 volts DC. If you 
have or can purchase cheaply, a surplus 
transformer with a 1,000 -volt secondary, 
you can use a high- voltage diode in a 
simpler hall-wave rectifier circuit. Be 
sure to tape up the ends of unused cen- 
ter taps and filament windings. 

The silicon rectifiers employed in this 
unit sell for about 50¢ each. Their peak 
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inverse voltage rating is only 400 volts, 
however. Since a 1,200 -volt silicon rec- 
tifier costs about $2.50, the cheaper ones 
were used in series for economy reasons. 

The ionizing jewel is mounted by 
drilling a 1/4 -inch hole in a 1" block of 
wood, gluing the jewel in the hole and 
then the block to the front panel. 

The smaller the fan, the smaller the 
enclosure you will need, of course. In 
this case, speaker baffle for 12" speakers 
was used because it combines a compact 
attractive appearance with relatively 
low cost. If the fan is small enough, a 
10 -inch baffle will do. 

Make certain that you solder a lead 
from the negative side of the power sup- 
ply to the ionizing jewel. Using the posi- 
tive side will simply attract the negative 
ions and ground them. Solder the lead 
to the metal cup containing the radio- 
active element with a hot iron and work 
quickly! The solder will take hold bet- 
ter if you first scrape the metal at the 
point to be soldered to obtain a shiny 
surface. 

The front filter connected to the nega- 
tive DC potential serves as a charged 
screen to repel any negative ions that 
may wander back toward the enclosure. 
The amount of aluminum filter needed 
will vary from 11 to 2 square feet de- 
pending on enclosure size. Since you 
can't solder to the aluminum, thread 
the bare end of the negative lead 
through the screen. Do the same with 
the lead to the jewel. A 40 watt incan- 
descent lamp must be used in series with 
the ozone lamp to provide adequate bal- 
last. CAUTION: Do not expose your- 
self to or look at the direct rays of the 
ozone lamp. 
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getting the most out of 

Aillas°12M 
ahNlt 
3DA 

By Ronald Benrey 

RAPID GROWTH in popularity of transistors and the 
miniaturization techniques that came with them have 

created a demand for a suitable chassis system. Although printed - 
c_rcuit board is widely used in industry, among experimenters, 
the perforated chassis board is by far the most popular method 
o_ mounting components. Unfortunately, the hobbyist doesn't 
always use the boards wisely; in fact a large number of unsuc- 
cessful projects can be traced to their misuse. 

Small components can be secured to perforated chassis boards 
by miniature nuts and bolts, clamps, etc., or by the leads of the 
parts themselves. The latter method is possible because of the 
light weight of most miniature components. Interconnections 
are made using push -in terminal lugs (flea clips) as junction and 
solder points. Thanks to the great number of adjacent holes, 
a lug pattern can easily be made to suit any circuit, and by 
simply removing the clips, the same chassis board can be re -used 
many times. A variety of clip types are available for temporary 
connections and experimental work. 

Sizes and Shapes 
Boards can be easily shaped to suit a particular application. 

You can save money by buying large boards and cutting off sec- 
ti Dns for individual projects. A fine- toothed coping or jew- 
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eler's saw, using light pressure to pre- 
vent splitting will serve nicely. Cut 
along a row of holes whenever possible. 
Airplane -type tin snips also can be 
used to cut the boards. With a little 
practice you can learn to break the 
board (over a desk edge) along the 
row of holes desired. 

The best way to make large holes is to 
enlarge one of the small holes with a 
drill, then widen this pilot hole with 
a tapered reamer. Chassis punches can 
be used on high -quality phenolic board 
but in general it's best to ream large 
holes, not punch them. Odd shapes are 
easily cut with a nibbling tool such as 
the inexpensive Adel type shown. 

Perforated boards are not very strong 
and tend to crack under strain. Conse- 
quently, they should not be used to 
support heavy components such as 
standard -sized transformers. Lack of 
mechanical rigidity also makes them 
unsuitable for high- frequency equip- 
ment requiring a non -flexible chassis. 

Heat -producing components should 
not be mounted too close to the heat - 
sensitive phenolic material. However, 
as most transistor build -it articles de- 
scribe low- frequency devices using 
lightweight and cool- running compo- 
nents, the above disadvantages are un- 
important to the home experimenter. 

A few simple tools will suffice for cutting out 
even the most complicated shape chassis board. 

Miniaturized vs Open Construction 

There are two basic approaches to 
using the perforated chassis board. 

Maximum miniaturization implies 
the use of the smallest possible board, 
miniature and subminiature compo- 
nents, tight layout and elimination of 
such "luxuries" as transistor sockets, 
insulation and comfortable working 
space. And unless you're really skilled, 
damage to components during soldering 
and mistakes in component polarity run 
wild. You'll find that troubleshooting a 
miniaturized circuit is often more diffi- 
cult than building it. Component prices 
go sky -high as size decreases. Unless a 
device cries for miniaturization, stick 
to the open construction technique. 

The correct approach is shown in the 
photos. Note the use of buss bars at the 
top and bottom edges and the squared- 
off components and leads of the transis- 
torized preamp. Although there are 
about 30 major components in a fairly 
small area, everything is out in the 
open, and there is no doubt about po- 
larity-and no danger of a short circuit. 
In addition, all the components are 
mounted so their values may be read. 

Since it is easier to do it right the first 
time it doesn't make sense to build a 
rat's nest instead of an electronics proj- 

Several types of small push -in terminal lugs are 
designed for use with perforated chassis boards. 
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It frequently pays to redraw a schematic to adapt 
it to the perforated board construction technique. 

ect. First of all, have all components in 
front of you before you begin. The com- 
ponents themselves can serve as tem- 
plates and you can experiment to deter- 
mine most efficient placement and the 
locations for the lugs. 

If working from a construction ar- 
ticle, you can assume that the author 
tried several chassis arrangements be- 
fore he selected the final layout. When 
working from a schematic diagram, it 
might be helpful to redraw the sche- 
matic (if it isn't already in that form), 
as is shown above. Otherwise, simply 

duplicate the diagram on the chassis 
board, placing the components in the 
same relative positions as they appear 
on the diagram. While some concessions 
must be made for bulky parts, this 
method usually works well. 

The actual wiring depends a great 
deal on the type of device being built. 
Amplifiers, for example, should have 
short, direct connections to eliminate 
stray pickup. High -voltage power sup- 
plies, on the other hand, demand wide 
spacing and careful isolation to avoid 
arcing and leakage. 

Pay attention to the author's com- 
ments such as: "keep the input and out- 
put well separated" or "mount this 
component in an upright position." 

Flea clips, as mentioned before, serve 
nicely as terminal points, and provide 
secure hitching posts for component 
leads. Use color -coded wire, making 
each separate circuit a different color. 
This makes it easier to keep track of the 
individual sections and cuts down on 
the chance of a wiring error. 

This discussion can be summed up in 
two words: planning and neatness. 
Keep them in mind when working with 
perforated chassis boards and you will 
have at your disposal a versatile chassis 
system perfect for a multitude of ap- 
plications 

A completed project. All the components are ac 
cessible and their values can be read at a glance. 
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Commercial Killer 
The luxury of sponsor -free radio can be yours for 
less than three bucks. Could be used for TV too! 

By Virgil L. Parker 

HERE'S good news for people 
who are plagued by radio 

commercials. This novel com- 
mercial killer was designed pri- 
marily for the car radio (though 
it can be used with any re- 
ceiver) to eliminate frantic 
grabs at the volume or tuning 
knob when an advertiser gets 
overbearing. 

By the push of a button the 
radio is silenced for a fixed 
length of time, at the end of 
which it comes back on au- 
tomatically. A minimum of 
parts are required as use is 
made of the radio's AVC (au- 
tomatic volume control) cir- 
cuit -as the suppression point. 

Theory 
All radios have an AVC circuit which controls the negative 

bias on the RF and IF amplifiers. If this bias is made sufficiently 

TO B+ 

Killer output goes to the AVC line in radio. Refer to the volume control to 
locate C4. Its at other side ofa 2 or 3 megohm resistor and is about .05 mf. 

RI 

IMEG 
R2 

CI +It 
60MF 

NLI R3 

IOMEG 

SW \ 

RADIO 

TO CONTROL GRIDS 
OF R F a I F AMPS I e C4 

DETECTOR 
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B+ 

torts arrangement for car -radio insta.11ation. 
For TV, the output could bias the audio :toges. 

TO AV C (C4) 

PARTS LIST 
CIAO -mf electrolytic capacitor (voltage rating 

depends on B } voltage in radio) 
RI -I megohm potentiometer 
R2- 10,000 ohms, '/2 -watt resistor 
R3-I0 megohms, 1/, -watt resistor 
NLI -NE -2 neon lamp 
SWI -DPDT momentary push - button switch or 

spring- return toggle switch 
Misc. -Solder lug terminal strip, knob mounting 

plate, hdwe., etc. 

large, the tubes will be driven to cutoff 
and the receiver will be silenced. When 
SW1 (DPDT spring -return pushbutton 
switch) is depressed, Cl is charged to 
13+ potential. When SW1 is released, 
the positive terminal of Cl is grounded 
and the negative terminal is connected 
to the AVC line. Thus the application 
of a high negative voltage to the AVC 
line silences the radio. 

The parts listed worked well with a 
200 -volt B+ supply and permitted ad- 
justment of the dead time from a few 
seconds to one minute. If longer time is 
desired, or if the Commercial Killer is 
to be used with AC -DC receivers with 
lower B+ voltage, Rl or R2 should be 
made larger to lengthen the discharge 
time of Cl. R2, a current limiting resis- 
tor, prevents damage to Rl when Rl is 
adjusted to minimum resistance. Neon 
bulb NLl acts as a switch to open the 
circuit abruptly when the voltage drops 
below its ionizing potential. This re- 
moves the high negative bias from the 

AVC line instantly and prevents distor- 
tion which would occur if the tubes 
were biased near cut -off. There are sev- 
eral points in the AVC circuit that the 
commercial killer could be tied to, how- 
ever the high side of C4 (in a typical 
radio) was found to operate best. This 
capacitor is usually a .05 mf and can be 
located easily. For testing, SW1 should 
be held for five seconds to insure that 
Cl is fully charged. 

Construction 
Construction is simple. The terminal 

strip supporting the electrolytic capaci- 
tor, resistor and neon bulb can be 
mounted on the outside of a car radio. 
The time control potentiometer and 
switch can be installed on a mounting 
plate under the dash. In any other re- 
ceiver the parts should be mounted in 
vacant space inside the cabinet. 

The parts listed are those used by the 
author, however most values are not 
critical, can be found in the junk box. 
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With this simple device, one 

miniature whip serves both your 

CB transceiver and car broad- 

cast radio -without switching! 

ANTENNA DUPLEXER 

THE CONTINUOUSLY loaded whip 
(we used Antenna Specialists M -52) 

is so short -5 feet less than a regular CB 
whip -that it can be cowl- mounted and 
actually replaces your existing auto 

Fiberglass whip is no longer than standard auto 
radio antenna and serves both BC and CB sets. 

By Herb Friedman, 2W6045 

antenna. Besides being a convenience 
at your home garage door, the loaded 
whip answers the needs of trucks, taxis, 
salesmen, servicemen and others who 
must go under many low overheads. 

Before installation is completed, the Duplexer is 
tuned with an SWR meter or with other technique. 
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Mounting the loaded whip is easy be- 
cause you usually can use the hole left 
by your broadcast -radio antenna. No 
extra drilling is required. And this posi- 
tion on the cowl leaves the M -52's ra- 
diating area in the clear. 

The connecting cable comes wired 
with connectors at both ends, so a 
wrench is the only tool usually required 
for mounting the antenna. 

The Antenna Duplexer actually is an 
isolating network which prevents sig- 
nals transmitted by the CB rig from 
entering the regular broadcast radio's 
circuitry and causing damage. As a 
matter of fact, with this setup you can 
transmit on the Citizens Band and si- 
multaneously monitor Conelrad signals 
(or perhaps listen to rock 'n' roll) on 
your BC radio. Naturally, the whip and 
Duplexer are able to serve both re- 
ceivers at once, and without signal loss 
or interaction. 

Construction is simple and the total 
cost of the Duplexer should be about $4 

Coaxial antenna j:i. k J1 mates with 
the PL-259 plug supplied with the M -52 
antenna. Plug PL2 fits the antenna jack 
of your transceiver and PL1 plugs into 
the auto radio's antenna jack. 

Each connecting cable from the Du- 
plexer is made from RG-58A/U and 
should be about 24" long before trim- 
ming. 

Choke Ll may not be available from 
all parts distributors. If necessary you 
can substitute the L1A /C1A combina- 
tion for Ll /Cl with equal results. 

Adjustment is made with an insulated 
alignment tool. Close Cl fully, and then 
back off the screw three quarters of a 
turn. (Ci's correct setting will occur 
at about one -half turn.) Temporarily 
connect the M -52 antenna directly to the 
transceiver and tune the transmitter 
for maximum power output. 

Several methods may now be used to 
tune the Duplexer; if you have a grid 
dip oscillator, the Duplexer can be ad- 
justed before it is installed. Using a 
short length of bare wire, short out jack 
J1 to the nearest ground point. Also 
solder a short jumper between points 
X and Y in the pictorial. With the GDO 
set to 27.1 me adjust Cl for resonance; 
remove the shorting wires and install 
the Duplexer in the antenna feedline. 

The preferred method of tuning uses 
a standing wave ratio meter which per- 
mits you to peak the Duplexer for use 
on your favorite channel. Install the 
SWR meter between the CB transceiver 
and the Duplexer. Adjust Cl for mini- 
mum SWR. The SWR meter technique 
will insure a negligible power loss in 
the Duplexer. 

Regardless of which method of ad- 
justment you use, retune the transmit- 
ter after adjusting Cl. Transmitter tune - 
up and adjustment of Cl should be per- 
formed at least three times to insure 
maximum efficiency. 

Finally, plug PL1 into the auto radio's 
antenna jack. In all probability, the BC 
radio signal will be low. Tune in a weak 
station at about 1400 kc and peak the 
radio's antenna trimmer (this is always 
an external adjustment, usually near 
the antenna jack) for maximum signal. 

The Duplexer's Theory of operation 
is quite simple. The Ll, Cl combina- 
tion is series resonant at 27 me and 
therefore presents a low- impedance 
path between antenna jack J1 and the 
CB transceiver via PL2. L2, on the other 
hand, appears as a high impedance to a 
27 me signal and prevents the signal 
from reaching the auto radio. 

At broadcast frequencies, L2 appears 
as a low impedance and passes the BC 
signal into the radio. Cl appears as a 
high impedance to the BC signal, there- 
by preventing the transceiver input coil 
from short- circuiting the BC signal. 

PARTS LIST 

CI- I.5-I5 mmf trimmer capacitor 
LI -2.4 microhenry RF choke (Miller 4528 or equiv.) 

or 
LIA -I.8 microhenry RF choke (Ohmite Z -144 -see 

text) 
CIA-2-30 mmf trimmer capacitor (see text) 
L2 -22 microhenry choke (National R25 -22 or 

equiv.) 
JI -SO -239 coaxial jack to fit ant. lead 
PLI -Plug to fit auto radio 
PL2 -Plug to fit transceiver 
Coaxial cable -4' of RG -58A /U 
Cabinet- Aluminum, approx. 4 "x2' /e "xlsh" 
Terminal strips and rubber grommets 

Six components make up the total parts list of 
the Duplexer. PL2 matches the CB antenna jack. 

TO ANT 
J1 

111)-F\ 
L2 

22W' 
L1 

TP O RADIO 

_-- 
C 

CI 
1e1Mi 

.QQ 
L1 

41W 
P L2 
TO CB 
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11111111111, 

TO 
BUILD 

AIM= 

Directional Beam 

pikeGround Plane 
Coaxial 
Cubical Quad 

by Charles Tepfer, 2W4223 

CB ANTENNAS 
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THERE ARE two basic ap- t proaches to Citizens Band base 
station antenna design. One aims 
at concentrating every watt pos- 
sible in a narrow radiation pattern. 
The other is willing to sacrifice 
some gain in favor of omnidirec- 
tionality. But, no matter what your 
needs are, you can save a pile of 
dough and multiply your effective 
radiated power with one of the 
antennas described below. Once 
you have the materials, any of the 
four designs shown will take only 
a few evenings of work with hack - 
saw, drill and plane. 

Since antennas really are tuned 
circuits, the size of their elements 
are relatively critical. These an- 
tenna designs use no element- 
shortening (and power -losing) 
loading coils, which makes them 
easier to build and more efficient. 
Strong- but -light stock aluminum 
tubing and rods are used wherever 
possible. 
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DIRECTIONAL BEAM 

The most efficient base antenna you 
can build is a directional beam. There 
are many types but all are multi -ele- 
ment, with two or more sets of arms in 
the same plane. One element (the 
driven one) is the active transmitter and 
receiver. The others are parasitic and 
shape and direct the radiation pattern 
of the antenna into a beam. The more 
elements, the sharper the beam. Like a 
searchlight, beam antennas have high 
radiation (and pickup) in front and 
little to the sides and rear. Relative to 
the standard hall-wave dipole, the gain 
of the beam is 3 to 5 db for the simpler 
jobs to 10 db or more for rigs with more 
than five elements. 

This beam is a full -size, three- element 
unit. The driven element is a nine -foot 
hall-wave coaxial radiator. The other 
elements are a director (16' 10"), 
shorter than and in front of the driven 

Authors directional beam before installation. Size 
may be judged by comparison with the windows. 
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element, and a longer (18' 6 ") reflector 
behind it. The elements are mounted 
vertically to produce vertically polar- 
ized signals, matching the polarization 
of mobile whips and base station an- 
tennas of the ground -plane and other 
non -directional types (most CB an- 
tennas fall in these categories) . 

The coaxial vertical radiating ele- 
ment is constructed first. The solid rod 
top portion (see Fig. 1, point A) is 9' 
of 3/8" Reynolds do-it- yourself alumi- 
num listed by them as Item 3A. Since 
Item 3A comes in 8' lengths, you must 
add 12 ", plus 4" for the part of the rod 
that projects into the nose plug -a total 
of 16 " -to its length. Make a 4" sleeve 
of 1/2" thinwall aluminum tubing and 
slip this over the joint to hold the two 
sections together. Fasten it to both sec- 
tions by drilling 3/32" holes through 
rod and sleeve and inserting 3/4" nails, 
flattening both ends. For a tight fit, wrap 
a couple of layers of aluminum foil 

Fig. 1. Diagram showing length and spacing of 
beam's elements. See text and pictorial for details. 
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Fig. 2. Construction details of directional beam antenna showing the installation of the two skirt plugs. 

Wooden plug to be installed in the top of the 
skirt. Note mounting of the coaxial connector. 

So 

around the rod ends before inserting 
them in the sleeve. 

Using a W' drill, make a half -inch 
deep hole (Fig. 2, point B) in the bot- 
tom end of the rod. A /" #6 self -tap- 
ping sheetmetal screw is threaded into 
the hole. This screw will be used later. 

The 2" inside- diameter EMT thin - 
wall aluminum tubing for the skirt 
comes in 10' lengths, so a foot must be 
cut off. The top and bottom skirt plugs 
are trimmed from 4" x 4" scrap wood 
or other insulator that will make a snug 
fit. Follow Fig. 2 for drilling and dimen- 
sions, then give the plugs two coats of 
spar varnish for waterproofing. Connect 
a 7" length of stranded hookup wire to 
the screw previously placed in the bot- 
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tom end of the radiator rod (Fig. 2 -B) . 

Thread this wire through the plug, slide 
the vertical radiator into the top end 
of the plug and use epoxy cement to 
hold it in place. Then cut the wire short 
and solder it to the center terminal 
(Fig. 2 -C) of coax socket J1. Use small 
brass wood screws to mount J1 to the 
bottom of the plug, fitting it into the 
§/s" well. Connect a 51/2" length of bare 
stranded wire to one of Jl's mounting 
screws (Fig. 2 -D) . Install the bottom 
skirt plug as shown in Fig. 2. Before 
installing the top (nose) plug and male 
coax connector, run the coax cable 
through the rotator mounting pipe, the 
just -installed bottom plug and the skirt. 
Then solder the connector on the cable 
and plug this connector into J1 and 
tighten it securely. Next, fit the top plug 
into the top of the skirt dressing the 
bare wire between the side of the plug 
and the wall of the tubing as in Fig. 2 -D. 
Fasten the plug with three 543" wood 
screws through 1/2" holes drilled in the 
skirt as in Fig. 2. Use vinyl tape liberally 
around the top of the nose plug for 
waterproofing. 

The director and reflector are made 
from 10' lengths of 2" EMT thinwall 
aluminum tubing. For the director, use 
extension fittings and add a 3' 5" piece of 
2" tubing to each end of a 10' length. 
For the reflector, add a 4' 3" piece to 
each end of a 10' section. 

The boom is a 10' length of 11/4" EMT 
tubing. Drill 1/4" holes through ends of 
the boom to accept the U -bolt clamps 
for the reflector, director and the wood 
clamp plate for the driven element as 
shown. 

Make the wood clamp plate of 3/4" ex- 
terior grade plywood and drill the holes 
as in Fig. 2. Give the wood plate two 
coats of spar varnish for waterproofing. 
Mount the reflector and director on the 
same side of the boom as the driven ele- 
ment for best balance. 

After the antenna is assembled, drill 
,s" holes in the director and reflector 
and 1/4" holes in the boom to accept the 

plastic clothesline struts. (Avoid chang- 
ing antenna element spacing with these 
struts since it is critical.) Also drill 1/2" 
holes near the top of the vertical rod, the 
reflector and director, and thread 20- 
pound test monofilament nylon fishline 
through these holes (making a knot at 
each element) to reduce element vibra- 
tion and changes in spacing. Use spa- 
ghetti tubing through the holes to keep 
the nylon line from chafing. 

Standard TV antenna hardware with 
2" U -bolts may be used for mounting. 
When buying the rotator, make sure to 
get one which can accommodate the 
11/4" pipe. I used the standard Channel 
Master automatic TV rotator with 
built -in 2" U- bolts. 

Attach the rotator to the mast first. 
Then mount a stub mast on your chim- 
ney, a tripod, etc. Use a good length (3 
feet or so) of sturdy cast iron pipe for 
the mast and no guying will be needed. 
Remember that the highest point on the 
antenna must be not more than 20 feet 
above an existing structure. The an- 
tenna is 18 feet. Therefore, the mast 
can only go 2 feet above the chimney or 
whatever it is mounted on. 

And there you have it -a high -gain 
vertical beam antenna guaranteed to 
give your signals the long reach you 
want. 

91111.W 
PARTS LIST: CB BEAM 

10 feat -2" EMT Thinwall aluminum tubing 
40 feet -y," EMT Thinwall aluminum tubing 
10 feet -I1 /4" EMT Thinwall aluminum tubing 
4- extension fittings for ;r=" EMT thinwall tubing 

Available at any large electrical supply house 
8 feet -3/6" solid aluminum rod (Reynolds "Do- it- yourself" 

aluminum Item 3A) 
4 feet --V/¡" solid aluminum rod (Reynolds "Do-it- yourself" 

aluminum Item 3) I- coaxial cable socket receptacle (Amphenol 83 -I R) I- coaxial cable plug (Amphenol 83 -ISP) I- coaxial cable plug adapter for RG 58U (Amphenol 
83 -168) 

Length of RG 58U cable from antenna to CB rig 
1 -set of heavy duty TV antenna chimney mounts (or other 

suitable mounting hardware) 
2 -1" U -bolt assemblies 
2 -21/," U -bolt assemblies (2" U -bolts may be used) 
20 feet- plastic clothesline 
20 feet -20 lb. test (or higher) monofilm nylon fishline 
18 inches -iron pipe, 11/4" OD (for bottom plug of skirt) 
Total cost of parts: about $20 
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THE COAXIAL 

The half -wave coaxial antenna con- 
sists of a quarter -wave vertical element 
above and in line with another quarter - 
wave vertical tube which encloses the 
transmission line. The center conductor 
of the transmission line is connected, via 
a coax connector and socket, to the top 
rod; the shield of the transmission line 
is connected to the bottom tube (skirt) . 

The latter prevents the transmission 
line from radiating, keeping the radia- 
tion of the antenna close to the earth 
for maximum effectiveness. 

The construction of this antenna is 
the same as for the driven element of 
the 3- element beam except the bottom 
plug may be omitted. This is an omnidi- 
rectional antenna and requires no rota- 
tor for wide coverage. 

THE GROUND PLANE 

This popular omnidirectional antenna 
requires comparatively little room. The 
four horizontal equal -length rods fur- 
nish an immediate ground for the verti- 
cal radiator and keep the radiation 
pattern close to the ground. 

The wood block which serves as the 
base for the elements is a short length 
of 4 x 4 -inch stock. Drill 3iá" holes, 11/2" 

9' 

WOOD PLUG 
FITTING 

WITH COAX 
RECEPTACLE 

SLEEVE / JOINT 

9' 

THINWALL 

EMT 

1/2 WAVE LENGTH COAXIAL ANTENNA 

deep on the top and four sides, to hold 
the driven element and radials; drill a 
5iá" well on the bottom for the coax 
socket. Drill a 1 " tunnel between the 
well and the hole on the top for the wire 
from the vertical radiator to the inside 
terminal of the coax socket. 

Use a right -angle mast mount that has 
the central portion cut out (one is 
available for 34¢ from Allied Radio, 
type 8800 -U) . Fit the coax socket 
through this cutout onto the well on the 
bottom of the block and fasten with 
wood screws. Connect an insulated wire 
from each radial to the screws holding 
the socket to the block. Notch the top 
of the skirt as shown to allow these 
wires to pass through. 

The vertical radiator and horizontal 
radials are made from Ná" solid alumi- 
num rod 9' long. Since such rod nor- 
mally is supplied in 8' sections, sleeve 
fittings will be required to lengthen the 
rods. Fit them as described in the Di- 
rectional Beam construction. 

In building any of these antennas, 
closely follow the dimensions given. Do 
not use metal parts where the plans 
specify use of wood or other insulator. 
Use spar varnish on all wood and spray 
all exposed connections and terminals 
with acrylic protective spray. 
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THE CUBICAL QUAD 

This unusual -looking 
antenna acts like a full - 
wave twc- element direc- 
tional beam with the front 
loop as the driven ele- 
ment and the rear loop as 
the reflector. The optimum 
;pacing between the front 
and the rear loops for 
highest gain is about 80 
inches or.. the 11 -meter 
band, but 50 inches is a 
reasonable compromise 
giving a gain of about 5 db. 

The C -Q requires a ro- 
tator to work mobile rigs, 
but its beam is not as sharp 
as the first antenna de- 
scribed. Since part of each 
element is vertical and 
part horizontal, the C-Q is 

F ISN LI NE 

2" U -BOLT 

MOUNT 

ap. 

FISNLINE 

7G' SAMS00 POLES 

NO.14 ENAMELED WIRE II I" PER LEG 

sD 
OF 1.14' 

EYT TM WALL 
ALUYSIUY 

TAMS 

ASTIC LINE 

INSULATOR 

RG 39/U 73-OHM COAX 

MD ANTENNA FOR ca 

INSULATOR 

FISNLS/E 

It' sTUS OF 

N0. NI ENAMELED WIRE 

EUT ALUMINUM MAST 

polarized horizontally and vertically. 
Bamboo poles are used to support the 

loops because the wires must be insu- 
lated from the boom and mast, and bam- 
boo is both light and strong. Ordinary 
fishing poles (without splits) will do, 
but they must be of equal length. Use a 
20 -pound test fishline to keep the arms 
from vibrating and changing the loop 
spacing. 

Use VA" EMT thinwall aluminum 
tubing for the mast and boom. Standard 
5" angle brackets (with bolts through 
the rod and brackets) hold each bamboo 
rod to the boom. Each rod must be 90 
degrees from the adjacent rods. If the 
bracket will not fit into the end of the 
bamboo rod, bolt it to the outside of the 
rod. In either case, wrap picture wire 
around both the rod and bracket for 
extra strength. Spray the wire with a 
rust arrester. 

Each vertical and horizontal section 
of the loop must be equal in length, so 
don't pull the poles together while 
wiring the antenna. 

The "stub" is used to tune the reflec- 
tor to 27 mc. About 75 feet of No. 14 

enameled or Formvar wire will be 
needed for the loops. 
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By Morris Goodman, 2W1855 

TCS receiver is shown installed on side 
of Lafayette transceiver. Tone call gener- 
ator is bolted beneath author's home -built 
mobile rig mounted under car's dashboard. 

MOST CITIZENS Band squelch circuits don't really do what you would like 
them to. Sure, you can adjust the squelch to kill background hash, but 

your rig still faithfully delivers every call coming through on your channel. 
And nothing can-be more annoying than to have to listen to the chatter clutter- 
ing up the channels when all you want is one short message from your man 
in the field. 

This Tone Call Squelch adaptor solves the above problem simply and in- 
expensively. With our TCS there's absolute silence when your CB unit is 
switched to standby: another station switches on your set only when its oper- 
ator wants to call you specifically. And you don't have to mutilate your equip- 
ment since the TCS's two units are built on separate chassis and mounted 
externally. 

With the TCS system the base- station receiver is left in the receive position 
with the noise limiter and squelch controls set normally with one exception. 
One speaker lead is opened and its circuit is completed through a relay in the 
TCS unit. When the remote station wants to call you he presses (for about five 
seconds) a button on his TCS call unit. This transmits a tone at a specific 
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FIG. 1 

Schematic of TSC re- 
ceiver is shown at right. 
In pictorial of unit be- 
low, VI's socket pins 2, 
S, and 7 are soldered 
to socket's center post, 
but not grounded. RY1 
is insulated from the 
chassis with liber wash- 
ers. Detailec view of 
PB1 and PB2 is drawn 
to show electrical ac- 
tion rather than the 
mechanical 'elation of 
the contacts. PLI and 
SOI are numbered in 
the schematics and pic- 
torials as per the man- 
ufacturer's numbers 
stamped on the units. 
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RECEIVER PARTS LIST 

Resistors: Vt watt, 10% unless otherwise specified 
RI -47 ohms, 20% (see CB output stage schematic) 
R2- 470,000 ohms 
R3-I megohm 
R4- 100,000 ohm potentiometer, linear taper (firing time adjustment) 
RS- 39,000 ohms 
R6- 18,000 ohms 
R -33,000 ohms or value needed for 135 v. at SOI, pin I 

C1 -.01 mf, 400 volts capacitor (se CB output stage schematic) 
C2 -2 mf, 200 volt paper or oil capacitor 
P81-SPDT push button (connected as normally- closed SPST) 
P82 -SPDT push button (connected as normally -open SPST) 
RYI- Resonant reed relay. Any frequency in the 200 to 425 cycle range. Aval able 

from Gyro Electronics Co., 36 Walker St., New York 13, N. Y. for $8.95 postpaid. 
Gyro will supply a TCS kit for $24.95 postpaid less battery and mic. Plugs 

RY2 -SPST or SPDT relay, 8,000 to 10,000 ohm coil 
VI-5596 or 2D21 thyratron tube 
SOI. PLI-i -pin miniature plug and socket 
Misc. -7 -pin miniature socket, 2"x4 "6" aluminum chassis rubber grommets, sc-ews, 

wire 

AmericanRadioHistory.Com



frequency which closes your TCS 
speaker circuit relay. Once the speaker 
is activated it is not necessary to trans- 
mit the tone again during subsequent 
transmissions because the circuit is self - 
locking. 

Then you operate your station nor- 
mally, with the noise limiter and the 
squelch circuits working as before. After 
you have cleared your message, you 
simply press reset button PB1 and the 
TCS is on standby again. To call from 
your station, you press bypass button 
PB2, which closes speaker relay RY2, 
and then proceed as usual. 

The heart of the TCS system is a tone - 
selective device called a resonant reed 
relay. This relay uses a thin steel reed as 
an audio-frequency- sensitive armature 
which responds to only one frequency: 
its resonant frequency. A frequency as 
little as ten cycles away from resonance 
will not operate the reed. 

Receiver operation can be understood 
by referring to Fig. 1. When the unit 
is set for standby, thyratron tube V1 is 
held non -conducting by the negative 
voltage (with respect to the cathode) on 
grid 1. Relay RY2 in Vl's plate circuit, 
therefore, is open and the speaker dis- 
connected. When the actuating tone is 
transmitted by a calling station it is 
picked up by the receiver and is passed 
on to RY1 by Cl connected to the plate 
of the CB unit's output tube. The tone 
voltage causes the reed of RY1 to vi- 

brate, which connects a positive voltage 
to the grid of Vl. When the negative 
cut -off voltage is overcome, RY2 closes 
and completes the speaker circuit. Since 
V1 remains conductive even though its 
grid goes negative again, RY2 remains 
closed. To reset RY2, Vl's plate voltage 
is momentarily interrupted by depres- 
sing PB1. 

When the base station wants to ini- 
tiate a call, PB2 is depressed,. This 
momentarily connects a positive volt- 
age to the thyratron grid and turns on 
the speaker. Because the reed responds 
intermittently to speech frequencies, a 
long time constant (C2, R2) is added 

TONE GENERATOR PARTS LIST 

Resistors: 1/= watt, 10% 
R8- 10,000 or 20,000 ohm linear calibration type or 

miniature potentiometer (tone adjustment) 
R9,RI0- 15,000 ohms 
RII- 820,000 ohms 
R12- 10,000 ohms 
R13-500,000 ohm calibration type or miniature 

potentiometer (output level adjustment) 
Capacitors: 50 volts or above 
C3,C4,C5 -.01 mf mice' capacitor 
C4-.04 mf paper or disc 
C7 -.001 mf paper or disc 
QI -2N217 transistor or equivalent 
SWI -DPDT slide switch 
PLI -Plug to match mike jack on transceiver 
il-Jack to match microphone plug 
BI -I2.5 volt battery (Burgess U -I5 or equiv.) and 

holder 
3 "x5" perforated chassis board 
Aluminum box to house subassembly 
May be necessary to change these values to reach 
the resonant frequency of RYI. Increasing the value 
of the capacitors will lower the frequency of the 
tone output and vice versa. The values given pro 
duce a frequency of about 375 cycles. 

C3 C6 

Schematic of transistor tone 
generator shows simplicity 
of the design. Phase -shift 
oscillator provides a stable 
sine -wave lone signal. 
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NO CONNECTION 

Wiring added to CB output stage is in white. Re- 
sistor RL is selected to provide about 135 volts B + . 

to the thyratron grid circuit. This pre- 
vents the short speech bursts from over- 
coming the negative cut -off voltage and 
makes it necessary for the tone to be 
transmitted about five seconds before 
the TCS operates. This time require- 
ment can be adjusted by potentiometer 
R4, which varies the negative voltage on 
the grid of Vl. The less the voltage dif- 
ference between the grid and the cath- 
ode, the shorter the time required to 
activate the TCS. 

Construction is quite simple. RY1 is 

Five -prong socket SO1 is shown installed ou the 
rear apron of a Lafayette Model-15 CB transceiver. 

Tone generator is built on perforated board using 
flea clip terminal points; layout is not crldcaL 

0+ 
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insulated from the chassis with rubber 
grommets because the reed contacts are 
electrically connected to the relay frame. 
With the speaker disconnected during 
standby, the output transformer pri- 
mary of the CB receiver can develop 
voltage high enough to arc over, so a 
47 -ohm resistor (Rl) is connected across 
its secondary to prevent this. 

The TCS chassis is secured to the base 
station receiver cabinet with sheet metal 
screws and is mounted so that its con- 
trols are accessible. 

The tone generator that supplies the 
triggering signal for the reed relay must 
be stable. And because it is self -con- 
tained, the tone generator can be in- 
corporated in any CB unit simply by 
fitting its output cable with a plug to 
match the mike jack on your transceiver 
and plugging your mike into the tone 
generator's input. Mica capacitors are 
recommended for the circuit because of 
their better thermal stability. The 
DPDT microphone /tone switch (SW1), 
when in the tone position, turns on the 
tone generator and connects it to the 
transmitter microphone input. In the 
microphone position, SW1 turns off the 
generator and reconnects the micro- 
phone to the transmitter. Since the tone 
generator is used intermittently, its bat- 
tery should last for its shelf life. 

In order to avoid the tone overmodu- 
lating the transmitter, the 500,000 -ohm 
pot (R13) adjusts the output voltage of 
the tone signal to the same relative value 
as that of the microphone. There is suffi- 
cient signal available from the generator 
to drive a carbon microphone input cir- 
cuit also. The tone signal is a fairly pure 
sine wave, free from sideband splatter. 

Another potentiometer, R8, adjusts 
the tone frequency to the resonant fre- 
quency of reed relay RY1. These con- 
trols are mounted inside the box be- 
cause, once set, no further adjustment 
should be required. Several inexpensive 
PNP transistors were tried as Ql in the 
generator and all gave good results. 

The tone generator is installed be- 
neath the mobile transmitter (the 
author's home -built rig is shown in the 
photos) so that switch SW1 is easily ac- 
cessible. A short length of shielded audio 
cable is run to the original microphone 
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input plug and a duplicate microphone 
receptacle is mounted in the tone- gener- 
ator box and the microphone is con- 
nected to it. If your transmitter is a type 
with the microphone cable wired in, it's 
a good idea to install jacks and plugs. 

Aligning the TCS: 
Connect the squelch unit to the re- 

ceiver and turn it on. Depress reset but- 
ton PB1. RY2 should open, silencing the 
receiver. Check the voltages at Vl. With 
the tube non -conducting (RY2 open), 
the plate voltage (pin 6) should be 
somewhere near +135 volts. The grid 
voltage (pin 1) should be adjustable 
(with R4) from 0 -30 volts positive (as 
measured from grid to ground with a 
VTVM) . 

If RY2 does not remain open, in- 
crease the negative voltage on the grid 
of Vl (as measured to the cathode, pin 
2) with control R4 until it does. 

Depress bypass button PB2 and RY2 
will close, turning on the speaker. Turn 
up the volume of the receiver about 
three- quarters and tune in some strong 
signals. While these noises and signals 
are coming in, depress reset PB1 and the 
speaker should cut out. Now see whether 
the strong signals cause V1 to fire. If 
they do, increase the cut -off voltage with 
R4 as above. 

Have your partner set up the remote 
unit within sight and transmit a tone 
signal to you. Have him adjust the fre- 
quency pot (R8) in the tone unit until 
the resonant frequency of RY1 is found. 
This is indicated by the widest swing of 
the reed. R4 usually will not need re- 
setting after these adjustments are 
made. A tone signal of about five sec- 
onds duration for firing the TCS has 
been found to give the most satisfactory 
results. 

With the remote station at a dis- 
tance, have him adjust the tone input 
level potentiometer R13 so that the 
transmitted signal does not overmodu- 
late the transmitter. 

Be sure to leave the volume of the re- 
ceiver turned up reasonably high during 
standby, since the audio amplifier of the 
receiver supplies the signal to the reed 
relay. Those of you who question the 
legality of the system are referred to 
19.32 of "Rules and Regulations." 
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AN EARPHONE 
for your transceiver 

UNLIKE communications receivers, 
most CB transceivers do not have 

an earphone jack. This is regrettable 
considering the QRM on the band. 
Think of the convenience of being able 
to monitor CB without disturbing 
family or friends and being able to read 
a signal over the background noise in 
your immediate environment. High 
quality miniature earphones are available from a number of distributors and 
some even include a miniature matching jack. The jack is so small that you 
will have no trouble finding an open area close to the speaker on your rig's panel 
in which to mount it. If connected as shown in the diagram, plugging in the 
earphone will automatically disconnect the speaker. 

You can use any impedance earphone (8 ohms to 100,000 ohms) , but with an 
earphone other than the 8 -ohm type it's a good idea, to install 

c e a 47 -ohm, 1 -watt resistor (Rl) as shown to prevent damage 
to the unloaded output transformer. 

The volume heard in the earphone will be controlled by the 
transceiver's gain control. However, because of the efficiency 
of these earphones you will need a lot less gain when sub- 
stituting for the speaker. Never have the gain turned up 
high when plugging in the earphone as you may damage the 
earphone -or your ear. 

TO UNGROUNDED 
LEAD ON SEC. 

OF CB OUTPUT 
XFORMER 

CB 
SPEAKER 

CB Thru Your Car Speaker 

TO UNGROUNDED 
LEAD ON SEC. 
OF RADIO OUTPUT 
XFORMER 

AUTO 
RADIO 

SPEAKER 

WITH THE same jack installation 
shown above on your CB rig and 

the hook -up at left added to your auto 
radio speaker you can feed the output 
of your CB transceiver directly into 
your car radio's speaker. Simply con- 
nect the two jacks by a jumper wire 
with a standard miniature phone plug 
on both ends. The wires need not be 

shielded and may be of any convenient length. The greater fidelity and sensitivity 
of your auto radio speaker will be of decided advantage in helping those hard-to- 
hear mobile messages get through. Normal operation of the auto radio is restored 
when the plug is removed. 

Both the adaptions shown assume that one side of the speaker voice coil of 
your auto radio and transceiver is grounded. The jacks themselves have their 
A terminals grounded because they are mounted to the panels without insulat- 
ing washers. 

The car radio need not be switched on when you're using its speaker for the 
CB transceiver. Since the output transformer of the auto radio will be unloaded 
if set is accidentally switched on, R2 (about 47 -ohms) will prevent damage. 
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IF you have to transmit while travel- 
ing, this boom microphone adds some 

safety to a not- so-good procedure. 
First of all, you drive with both hands 

on the wheel. The microphone remains 
a fixed distance from your mouth, re- 
gardless of which way you look, and 
you have a special push -to -talk switch - 
box at your fingertips. With the speci- 
fied switch, the transmitter can be 
either locked in the ON position or a 
spring return can be used for a quick 
break. 

Construction. The microphone boom 
assembly is built of scrounged compo- 
nents: a ladies headband hair clip, a 
couple of pieces of scrap plastic, nine 
inches of ;" copper tubing and a hard 
plastic screw -on bottle cap. 

A half -inch from one end of the hair 
clip drill a 6 -32 hole (#28 drill) . Drill 
another 6-32 hole through the two plas- 
tic pieces as shown. Clamp the two 
pieces together and drill a ,I,;" hole 
angled through the pair for the copper 
tubing. The block serves as a swivel to 
permit adjustment of the microphone 
position. 

About 61/2" from one end, bend the 
copper tubing in an arc. Make certain 
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for CB'ers and Hams 

A SAFE 
MOBILE 
MIKE 
For messages on the move 

and safety, too .. . 

build this under -$5 

boom microphone. 

By F. David Herman 

you do not crimp the tubing because 
the microphone cable must be able to 
pass through it. 

If you have one of the modern, small, 
ceramic microphones, you can remove 
the element for use in the boom. Or you 
can purchase a small replacement ele- 
ment. 

Drill a t"6-inch hole in the side of the 
bottle cap which serves as a base for the 
microphone element. Drill slowly to 
avoid shattering the cap. The parts are 
then fitted together with epoxy cement. 

Attach the boom to the headband with 
a 6-32 screw, lockwasher and either an 
acorn or thumbnut. 

Pass an eight -foot length of extra thin 
microphone cable through the tubing 

PARTS LIST 

SWI- Switch, 4PDT three- position spring -return 
(Lafayette SW -68) 

PLI -Plug to match transmitter input jack 
PU- Microphone connector (Amphenol 75MCIFA) 
JI -Jack to fit PU (Amphenol 75PCIM) 

Minibon, 31/4 "s21/2"xl %" 
8 feet thin microphone cable (Alpha type 1702, 

0.125 OD) 
Microphone Cartridge available from Custom 

Electronics, 2929 Felton St., Bklyn, N. Y., $3.50 
postpaid 

Misc. hardware -See tent and pictorials 
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THIN MICROPHONE CABLE 

TO PLUG 

FELT 

I....42,- 6 -32 BOLT 

HEADBAND 

I' X I' X 3/8' PLASTIC 
6 -32 NUT 

WASHER --= 3/16" ANGLED HOLE 

3/16 COPPER TUBING 

Assembly details of the boom 
mike components are shown at 
left A coat of spray paint 
after completion gives mike 
a professional appearance. 

SOLDERED 

PUA OETAL 

3/16 COPPER TUBING -- 

PLASTIC BOTTLE CAP 

s 

SN1 

TO PLI 

SWITCH SOX 

TRANSMIT 

A 

Wiring of SI as viewed from rear. Section B 

of switch may be used for other circuits. 

Raw material of the boom assembly includes a 
woman's hair clip, a couple of pieces of plastic. 
a microphone ca_tridge and a plastic bottle cap. 

and cap. The microphone element is set 
in the cap with plastic cement. Connect 
microphone connector PL2 to the free 
end of the cable and the boom is com- 
pleted. For greater comfort, the head- 
band can be lined with a strip of felt. 

The Switchbox. Push -to-talk switch 
SW1 mounts in a Minibox which has a 
large rubber suction cup (available 
from auto supply stores) attached to its 
cover. For the usual three -wire control 
circuits, wire SW1 as shown. For four - 
wire or special control circuits, section 
B (shown in parallel with section A) 
can be used separately. 

Operation. Put on the boom and ad- 
just the headband to a comfortable 
position. Adjust the swivel so the mi- 
crophone is about one inch under your 
lips and tighten the swivel nut. With the 
microphone in this position you talk 
across it, avoiding sharp pops and hisses. 
It is also out of the line of vision. 
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transistorized 

Field Strength Meter 
For checking the output of your amateur or CB transmitter 
By Harvey Pollack 

BY ADDING an inexpensive transistor and a few other components, you 
can soup -up the Lafayette TM -15 FS meter to a super -sensitive instrument 

capable of reading frequency and field strengths at great distances from the 
transmitting antenna of your ham rig, CB transmitter, or remote -control an- 
tenna. 

Meter indication is proportional to the signal strength of the RF field and 
the calibrated tuning scale indicates the signal frequency within +107( . 

A transistor amplifier connected in a bridge configuration permits adjusting 
for zero-signal leakage current of the transistor. To avoid overloading the 
meter during bridge balance adjustment, miniature pushbutton PB1 puts a 
5000 -ohm resistor (R3) in series with the meter. When released, the button 
cuts out R3 providing maximum meter sensitivity. The finished instrument is 
so sensitive that it gave a 10`/, scale indication on a 3 -watt mobile Citizen's 
Band transceiver located about 11/2 city blocks away! (An unmodified TM -15 
had to be brought about 10 feet from the transmitting antenna before any de- 
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flection was observed.) This high sensi- 
tivity is quite an advantage, for if re- 
liable tuning of beam antennas is to be 
realized, a meter must be at least 20 
beam elements away -further if pos- 
sible. In fact, any kind of antenna ad- 
justment should be made with the 
indicator as far away as space and sensi- 
tivity permit. 

Construction 
There is more than enough room in- 

side the tiny case to install the addi- 
tional parts. Note that the band switch 
is a two-pole, four -position type and that 
only one of the two poles and four of 
the possible eight circuit lugs are used. 
The unused terminals can be put to 
work as tie -points. The base lead of the 
2N213 transistor goes to one lug, and 
the emitter goes to another. B1 should 
be a No. 904 or similar size cell as the 
AA size cell is too large to be fitted in 

the field -strength meter's already over- 
crowded cabinet. Don't force a larger 
cell in place, or you will set up capaci- 
ties that will detune the coils. 

Be certain that the mounting holes for 
R2 and PB1 are located properly so teat 
the pot and switch clear the back of the 
tuning capacitor. It's a good idea to run 

.FainIWCZIMellt-- 
Modified unit showing locrtlon 
of added components. Only minor 
changes In wiring are required. 

o? 
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PARTS LIST 

TM -IS RF Field Strength Meter (Lafayette Elec- 
tronics) Additional Parts required: 

QI -2N213 transistor 
BI -1.5 volt dry cell, Eveready type #912 or »904 
RI-470 ohms, f/2 watt 
R3 -5000 ohms, I/2 watt 
R2,SWI- miniature 5000 -ohm potentiometer with 

switch, slotted shaft and knob. (Lafayette VC -48 
with KN -23 knob or equiv.) 

PBI- Miniature SPOT pushbutton 

all wires to a given tie -point before sol- 
dering the transistor lead in place; then 
a quick spot solder job on the globule 
of solder already on the tie -point limits 
the heat that will be applied to the tran- 
sistor. Avoid moving the coils since this 
may change their spacing and make the 
frequency reading inaccurate. Keep 
your soldering tip away from the plastic 
cases of both the variable capacitor 
(C1) and the meter as they may melt. 
Wire in the battery last and be sure on- 
off switch SW1 is in the OFF position 
before making final connections. 

Testing 

Depress pushbutton PB1 and rotate 
the knob of zero balance control R2 
until SW1 clicks on. The meter should 
read about half scale with no input sig- 
nal. Now rotate the knob slowly clock- 
wise until you notice the meter needle 
begin to drop. Release PB1 and the 
meter needle should then deflect all the 
way to the right. Continue to rotate 
R2's knob clockwise until the meter 
reads at or near zero. This adjustment 
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Before (left) and after (below) views in- 
dicate changes to be made. Tuning circuit 
is left undisturbed so as not to upset oriq- r 

inal frequency calibration on front panel. 

CRI 

C2 

2 21 

NORMA 

R! 
7R 

RI 

704 R 

e1 

is critical, requires a sensitive touch and 
patience, and may have to be repeated. 
As the transistor warms up, the needle 
will tend to climb but this can be offset 
with R2. Meter equilibrium should be 
reached in a few minutes and the in- 
strument is ready for use. After read- 
ings have been taken, always depress 
PB1 while rotating SW1 to the OFF po- 
sition. This protects the meter from 
overload when the bridge is unbalanced. 

Operation 

When using the instrument in a field 
of unknown strength, start with the 
antenna of the TM -15 removed and keep 
the instrument reasonably far from the 
antenna. If no reading is obtained, re- 
main at the same distance and insert the 
collapsed antenna into its jack. To ob- 
tain greater sensitivity, extend the tele- 
scoping antenna as needed. If you 
should find it necessary to use the field 
strength meter close to the transmitter, 
work with the pushbutton depressed to 
keep R3 in the circuit and preyent meter 
damage. 
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BETTER...MORE COMPLETE...LOWER COST... 
WITH NATIONAL SCHOOLS SHOP- METHOD 

HOME TRAINING! 
..Training that is pros ed cud tested 

in Resident School shops and 
laboratories. hl a School' that is 
the OLDEST and LARGEST of 
its kind in the world. 

MORE COMPLETE...1'ou learn Al.l. PHASES of 
Tel 

LOWER (OH .-Other schools make several courses 
out of the material in our ONE 
MASTER COURSE Ind you 
pay more for less training chan 
you get in Our course at ONE 
LOW TUITION! 

REITER 

Prepare 
for your 

F.C.C. LICENSE 

Be prepared for wean future in 

INDUSTRIAL ELECTRONICS 

COMPUTERS 

GUIDED MISSILE SYSTEMS 

ELECTRONIC CONTROLS 

or go into ... 
COLOR TV REPAIR 

HI -FI AND SOUND SYSTEMS 

BROADCASTING STUDIOS 
INSTALLATION 

r 
TOP PAY... UNLIMITED OPPORTUNITIES 

LIFETIME SECURITY CAN BE YOURS! 

You are needed in the Television, Radio, and Electronics iidustry! 
Trained technicians are in growing demand at excellent pay -i 
ALL PHASES, including Servicing, Manufacturing, Broadcasing and 
Communications, Automation, Radar, Government Missile projects. 

NATIONAL SCHOOLS SHOPMETHOD 
HOME TRAINING, +.nth. rely a:a d 

YOU SET.,, 
19 Big Kits -YOURS TO tEEP! 

sr r r are t. n,e at I, re, (cr. tl.ese n. Friendly. Instruction and Gzidance 
Ism ."d cppnrt,-n,rlc r, ,nc'ud reg many Job Placement Service 
tecrr,cal _i>s corny te supervisory Unlimited Consultation 
pos,t,ons. Diploma -Recognized by Indust- 

EVERYTHING YOU NEED FlR 
SUCCESS! YOU LEARN BY BUILDING EQUIPMENT 

WITH KITS AND PARTS WE SEND YOU. 
Y r Na'r.al S:' c c.c cc .r ,ncicars 
,.r qI Prat,ca'l rra.n,ng -YOU LEARN 
BY r GING' rrnrr complete sran.d- 
arr: l'n.r 't cl -(rss,cna! rica ,ty fcr 

reform 

EARN AS YOU 
s, 
t a. r . r 

LEARN 
d 

GET THE BENEFIT OF OUR I 

OVER 55 YEARS EXPERIENCE 

APPROVFD FOR 
GI IItAINI',G 

4 ACCREDITED 
MEMBER rah 

NATIONAL SCHOOLS 
World W de Tu.n.ng Since 1905 

Write to Dept. RSE43 

4000 So. Figueroa Street 
Los Angeles 37, California 

IMPORTANT 
SEE OTHER SIDE 

THESE TWO FREE 

BOOKS TELL HOW 

SEND FOR FREE FUL -Y- 
ILLUSTRATED BOOK AND 
ACTUAL LESSON TODAY. 
Your own copy of "Ypur 
Future In Elctronics-Tele- 
vision- Radio" will be ma led 
to you at once. No salesman 
will call; then is no obliga- 
tion. Cut out card along lot- 
ted lines, fill in and nail 
todayl 
NO POSTAGE NECESSARtI. 

CUT OUT AND MAIL T-IIS CARD TODAY_,I:C7 ,,,LL LESSONÌ 

Yes, I wont to make more coney in Electronics - 

TV- Radio. Send me your FLEE Fully Illustrated 
Opportunity Book and Act .e31 Lesson today. 

RUSH TODAY -NO POSTAC1 NECESSARY 

Name . _.__ 

Address ___- _ 

City 

Age 

Zone _ __ State 

Check here if interested only i Resident Training at Los Angeles. 
Veterans: Give date of discharge_ 

NO SALESMAN WILL CALL, NO OBLIGATION ON YOUR PARI 

H6E 17 
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- - - - 
Be a MASTER TECHNICIAN In 

_ 

Only N.T.S. offers you ALL 8 PHASES in 
ONE MASTER COURSE 

I 

alb 

SUCCESS IS THEIRS; 

IT CAN BE YOURS TOO! 

I cannot praise 
N.T.S. enough. 
Ive just gradu 
cited and al 
ready I have 

wwillò started repair- 
ing radios and servicing TV's 

. At 53, I'm starting a new 
life and my diploma from 
National Technical Schools is 

my proudest possession. 
William E. Eckenrocl 

Thanks to 
N.T.S. I have a 

business of my 
own right in 
my home. I 

have paid for 
all my equipment with money 
earned servicing TV sets. Yes, 
N.T.S. gave me my start in 
television. Louis A. Tabat 

SEE OTHER SIDE 

As field direc 
tor of Berean 
Mission Inc., 
have complete 
charge of our 
radio work. 
With the expert advice and 
training I ans receiving from 
you I can do my own repairs 
on our recorders and P.A. 
systems, besides keeping our 
radios going. My training 
from N.T.S. helps keep us ors 

the oir. I feel privileged to 
be a member of such a fine 
institution. 

Rev. Enoch P. Sanford 

I have a TV- 
Radio shop in L, I 

Yorkville, Illi- I 

nois, about 4 

miles from my 1 

home, and it l' 
has been going real good. 

I started part -time but I got 
so much work that I am 
doing it fulltime. Thanks to 
National Technical Schools. 

Alvin Spero 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

- POSTAGE WILL BE PAID BY - 
NATIONAL TECHNICAL SCHOOLS 

.VORLD.WiDE TRAINING SING 

4000 So. Figueroa Street 
Los Angeles 37, California 

ALL 8 PHASES IN ONE MASTER COURSE PHASE 1 

TELEVISION PHASE 5 
INCLUDING 

COLOR TV 
FCC LICENSE 

90Cá of homes have PREPARATION 
least one set Color TV 

of 
FCC License holders is becoming more l'ove a wide range of popular daily TV Stations top lobs open to them 

. grow in number, need 
FCC License now a technicians Maintenance requirement Ion and re Communication most 

pair offer o 
big opportunities. 

lobs. 

PHASE 6 

PHASE 2 MICROWAVES 
RADIO -AM d FM These are the Radios in homes, car<, communications 

systems schools. all need c of the triture 
upkeep all eed expand used in tracking 

already 
u ee becomes tio pand contactii satellites 

S 

Now transistors boouiar, g 
. 

boom entire field, 

PHASE 3 
INDUSTRIAL 
ELECTRONICS 
Computers. Data. Processing machines 
Electronic Controls. 
Guided Missile Systems are new fields where Electronics play a vital role. 

PHASE 4 
SOUND SYSTEMS 
New popularity of Hi-F,. Stereo. as well as industrial sound systems and business intercoms 

make this a highly specialized and 
important field. 

FIRST CLASS 

Permit No. 3087 

Los Angeles, Calif. 

PHASE 7 
AUTOMATION 
i COMPUTERS 
Automation and Computer electronics 
are the new tools of industry and commer Skilled Technicians ce 

in these fields are in great demand at top pay. 

PHASE 8 
BROADCASTING 

d COMMUNICATIONS 
In the entertainment 
industry. or in commerce, communications 

and broadcasting have great importance Installation 
and maintenance of equipment requires 
trained technician 
knowhow. 

RESIDENT TRAINING 
AT LOS ANGELES 

If you wish to tab your trail, 
In` in our famous Rsidnt 
School In Los Angl.s -the 
oldest and Iara.st school of Its 
kind in Ili. world -chock 
spvciat bon In coupon. 

Ar.r..r. 

NATIONAL SCHOOLS 

. Address correspondence to Dept. R5E -43 
4000 So. Figueroa Street 

Los Angeles 37, California 
National Technical Schools also of- 
fers Complete Home Study Train- 
ing Programs in Auto Mechanics 
d Diesel, Air Conditioning, Re- 
frigeration- Electrical Appli 
and Home Appliances Repair. Foi 
information and FREE BOOK write 
the School, Dept. RDC, stating 
course desired. 
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CBers! Here's how to get 

More From 

Your Mobile Whip 
A simple soup -up job on the antenna gives your 

transmitter the man -sized reach that you want! 

By Herbert Friedman, 2W6045 

AS THE chaps at the Federal Communications Commission 
can tell you, there's been a lot of agitation lately to allow 

increased power on the 27 -mc Citizens Band. Most of the com- 
plaining has to do with range, particularly the range of mobile 
units. 

The answer from the FCC, and from a good many informed 
individuals, is short and to the point: poor range is not in all 
likelihood due to the power limitations, but rather to ineffi- 
ciency at the transmitter. Potential signal strength is just not 
being realized. The fault probably lies in the antenna. 

Base -station antennas usually are erected by the CBer with 
great care and precision, and most stations are attaining ranges 
that exceed even the most optimistic original estimates. But 
mobile whips have been a source of trouble from the start. 
And no end of work and figuring by some licensees is able to 
correct the situation. 

All this trouble is partly because the mobile whip antenna 
itself has built -in disadvantages. Among the worst is its im- 
pedance. A 50- or 70 -ohm base station antenna can be matched 
easily by any length of common coaxial cable (such as RG- 
58AU or RG -59) . But this is not possible with the standard 
whip because at resonant frequency it has a radiation resist- 
ance of 32 ohms, which is not matched by any common coax 
cable. The lowest impedance of these cables is 50 ohms. 

This is what happens: with a 32 -ohm antenna and a 50 -ohm 
coax, you start out with a mismatch that results in a Standing 
Wave Ratio (SWR) of approximately 1.6 to 1. The ideal SWR, 
of course, is 1 to 1. In this mismatch situation the power deliv- 
ered to your antenna is reduced by a factor amounting to all 
the other line losses (there always are some such losses) mul- 
tiplied by the SWR. It's a little like sighting a rifle with a tele- 
scopic sight. With standard sights, a little tremor in the hands 
doesn't amount to much. But with a telescopic sight the same 
tremor is blown up in direct proportion to the magnification 
factor of the 'scope. If you're a little shaky, your aim is all 
over the landscape. A lop -sided Standing Wave Ratio acts just 
like the telescopic sight by magnifying normally small trans- 
mission problems. If your transmitter has a potential of three 
watts RF output and you're operating with an SWR of 1.6 to 1, 

your antenna is not receiving anything like three watts. 
An out -of- balance SWR also causes a second problem. Be- 

cause of standing waves on the coax, the input impedance of 
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the cable can be considerably higher or 
lower than 50 ohms and it may be diffi- 
cult to get the transmitter to load into 
the antenna system with any degree of 
efficiency at all. 

What's the answer? The easiest one 
is to use the coaxial cable as an im- 
pedance matching transformer. If the 
cable is cut to an electrical half wave - 
length-or any multiple of a half wave- 
length -the values that appear at one 
end of the cable also are found at the 
other end. 

In Fig. 1 the coaxial cable is cut to 
a half wavelength. At the input (left) 
end the current is high and the voltage 

TRANSMITTER 

ANT. 

VOLTAGE 

Fig. 1 

COAXIAL CABLE 

is low, as shown by the curves. At the 
output (right) end the current and volt- 
age are found in the same relationship. 
As far as the transmitter is concerned, 
it is working directly into the antenna. 
By using the half wavelength coax the 
transmitter "sees" only the antenna. It 
is as if the coax were not even there. 
Under this condition the transmitter de- 
livers maximum power to the antenna. 

When installing a CB unit, you may 
have noticed that as you changed the 
length of coax cable the transmitter out- 
put went up or down. Although you may 
not have been aware of it, this was an 
indication that you were approaching 
or receding from an electrical half 
wavelength (or some multiple of it) . 

To find out how long the coax should 
be, you must first sit down and figure 
out a half wavelength according to the 
standard formula. That would work out 
this way: length (in feet) = 984/f, 
where 984 is the radio -wave velocity 
factor and f is the frequency in mega- 
cycles. The CB frequency of 27 me fig- 
ures out to a wavelength of 36.37 feet, 
giving us 18.2 feet as a true half wave- 
length, as in Fig. 2 (A) . 

But what we need is an electrical half 
wavelength. Coaxial cable slows an RF 
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wave. and in effect shortens the wave- 
length. This must be taken into account. 

Fig. 2 

The speed (Velocity Factor) for com- 
mon coax is .66. To get an electrical half 
wavelength we multiply this factor by 
the true half wavelength, which works 
out this way: .66 x 18.2 = 12 feet, as in 
Fig. 2 (B) . So an electrical half wave- 
length is 12 feet, and that is the length of 
coax you need. 

After the proper length of coaxial 
cable is installed it is still possible to in- 
crease the transmitter's RE' output. 
Even with ideal cable matching, the 
transmitter is working into a 32 -ohm 
load. By raising the radiation resistance 
of the antenna we can make it approach 
a perfect match with the transmitter, 
and maximum power can be delivered. 
To raise the antenna's radiation resist- 
ance we simply lengthen the whip itself, 
and then insert a trimmer capacitor to 
readjust the frequency (see Fig. 3) . 

The normal CB whip is 108 inches 
(102 -inch whip plus 6 -inch spring) . If 
the antenna is extended beyond 108 
inches, the voltage and current relation- 
ship at the base of the antenna changes, 
and that changes the radiation resist- 

12-I 

Fig. 3 

ance. The practical limit of antenna ex- 
tension to avoid breaking toll booth 

123' 
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lights and striking overpasses is about 
15 inches, depending on where on the 
car the antenna is mounted. 

Lengthening the antenna raises the 
radiation resistance at 27 mc, but the 
resonant frequency is lowered. So the 
antenna resonance must be returned to 
the operating frequency. This is done by 
installing a 100 mmf trimmer capacitor 
between the base of the antenna and the 
center conductor of the coaxial cable. 
The capacitor electrically resonates the 
antenna to 27 mc. The capacitor is ro- 
tated for maximum loading or lowest 
SWR. Any small capacitor will do. 

When the antenna is extended, two 
other important improvements result. 
The increased length lowers the radia- 
tion lobe of the antenna. This means that 
the signal will travel more parallel to 
the ground, resulting in a stronger sig- 
nal at the receiving stations. Secondly, 
the high current area of the antenna is 
removed from the body of the car. The 
whip antenna radiates from the high 
current area of the whip, which is at 
the base. By extending the whip, the 
high current area is moved up and away 
from the car body, increasing radiation 
and improving the radiation pattern. 
Figure 4 illustrates this point. (A) is a 
standard whip with the current dis- 
tributed as shown. (B) is an extended 
whip, illustrating how the current node 
is moved up the antenna. 

While other subtle changes can im- 
prove performance there is one more 

major improvement which is possible 
with those CB transmitters having a 
fixed output link. Figure 5 illustrates 
the idea -a souped -up tank circuit. (A) 
shows a normal output tank coil with a 
link of one or two turns wrapped around 
it. These links are designed to operate 
with 50 -ohm antennas. In many in- 
stances transmitters do not load up to 
full plate input because of reactances 

Fig. 5 

existing in the antenna system. By add- 
ing a trimmer capacitor in the ground 
lead of the link, the reactances can be 
tuned out, permitting the transmitter 
to be loaded to full potential. This modi- 
fication is shown in Figure 5 (B) . The 
capacitor is a 50 mmf variable, adjusted 
for maximum loading of the transmit- 
ter. 

Any practical method for improving 
a mobile antenna that you come across 
should be tried. It is difficult not to bet- 
ter the situation when there is so much 
room for improvement. 

Manufacturers of Citizens Band an- 
tennas may in the future offer whips of 
improved design, incorporating many of 
the features we've discussed. But they 
seemingly have been reluctant to rede- 
sign their products thus far. 

Keep in mind that all improvements - 
made to the transmitting antenna also 
are applicable to receiving. An antenna 
system which gives top transmitting 
performance gives top receiving per- 
formance. 

(A) 

TO ANT 

(8) 

TO ANT. 
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CAL 

FIX THAT 
SOLDERING 
GUN: 
First things first! A defective soldering gun can take all 
the fun and effectiveness out of any electronics project. 

By John A. Comstock 

DOES your soldering gun suffer from slow action ... dim 
bulbs ... low heat ... and intermittent performance? 

A minor operation, and perhaps a few replacement parts are 
all that's required to give that trusty old gun a new lease 
on life. 

Four basic trouble spots are: (A) Loose or corroded tip nuts. (B) Open 
transformer winding. (C), Defective socket, bulb, broken wire or (D) switch. 

fb i 
TRIGGER 

PRIMARY 

117VAC 
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For a quick check, connect an ohmmeter across 
the gun's plug. Shake and tap the gun to check 
for an intermittent open in the primary circuit. 

Unscrew the tip and file to 
remove corrosion. Replace- 
ment nuts and tips are avail- 
able from your local dealer. 

Internal construction of an- 
other brand of gun. The five 
heavy turns of wire is the 
secondary winding. Two bot- 
tom wires connect to switch 
and the heavy -duty line cord. 

Remove a few machine screws and the gun's 
plastic housing will separate into two parts. Any 
broken wire connections will then be visible. 
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For the man with a need to enumerate electronically .. 

A General Purpose 
COUNTER 
By Ronald Benrey 

HAVE you ever needed to count the number of times an event occurred? How 
often a door has opened or a switch was closed; how many times a light flashed 

or a machine tool was used? Here's a device that will do the job electronically. 
With a choice of input signals or switching devices, this little handyman will 

count everything from jellybeans to gold coins -from 0 through 999,999 of them - 
with never a mistake or a dropped digit. The unit can be built for about $17. 
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Operation 
The heart of the unit is a drum -type, 

solenoid -actuated digit counter. Every 
time a pulse of 117 V AC is applied to 
the coil, the counter advances one digit. 

A small relay, RY1, driven by a one- 
transistor amplifier (Q1) energizes the 
counter's solenoid. Various sensing and 
switching elements may be attached to 
the input of the transistor amplifier, 
making the counter very versatile. 

Depending upon the position of SW2, 
the counter is advanced by either ener- 

View from the bottom rear showing general com- 
ponent location. Arrangement used is non-critical. 
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gizing or de- energizing RY1. The choice 
depends on the input. For example, if 
closing a switch is to trigger the coun- 
ter, set SW2 to (b) . On the other hand, 
if RY1 is kept energized by a light beam 
shining on a photocell connected to the 
input, use position (a) of SW2 so that 
the counter advances each time the light 
beam is broken. 

For best operation, the photo -cell 
should be shielded from surrounding 
light with a piece of cardboard tubing. 

The operating procedure table sug- 
gests the connections to be used for 
typical switching and indicating ele- 
ments. By using this table as a guide, 
you can adapt the counter to do almost 
any counting job. 

Construction 
Parts placement and wiring are not 

critical, and any desired layout can be 
used. Be careful of shorts around the 
power supply, or you will blow the 
house fuse. The counter is housed in 
a small sloping -panel aluminum cabinet, 
but any wood or metal cabinet will 
serve. RY1, Ql, SR1 and Cl are 
mounted on a small piece of perforated 
Bakelite. 

Three insulated terminal posts (J1, J2 
and J3) are used to connect input de- 
vices to the amplifier. If desired, they 
may be replaced by other connectors, 
such as phone jacks or a single barrier 
terminal strip . 

SWI 

PLI 

117 v 
Ac 

SRI 

seht c1 

w 50 F <© 

Simple one -transistor amplifier 
drives relay which triggers coun- 
ter. Power supply used is below. 

PARTS LIST 

RI- 31,000 ohms, '/2 -watt resistor 
R2 -I megohm potentiometer (linear taper) 
CI- 57 -ml, SO -volt electrolytic capacitor 
PLI -neon pilot light assembly 
QI -2N107 transistor 
RYI -SPOT relay, 2,300 ohms (Sigma 

I IF 2300-G/SIL) 
SPST -DPDT toggle switch 
SPDT -SPST toggle switch 
SRI -130 -volt selenium rectifier, SO ma. 
TI-2-1 or 26 volt filament transformer 
ECI- Electric counter (Lafayette F -553, Radio 

Shack H97L8S5 or equiv.) 
JI -J3 -5 -way binding posts 
Misc. -Piec of perforated board, line cord, 

4" s 4t/" 6" sloping -panel cabinet (Bud 
C -1608 or equiv.), terminal strips, etc. 

OPERATING PROCEDURE 

Switching Element Element Connection Set SW2 Notes 

Selenium or silicon 
photocell 

Positive terminal to 
J3, negative terminal 
to 11. 

To (b; if a flashing 
beam is to activate. 
To (a; if interruption 
of o steady beam is 

to actuate. 

Connect a jump- 
er between J1 and 
J2. Adjust R2 

for correct sen- 
sitivity. 

Cadmium sulphide or 
cadmium selenide 
photocell 

Between 11 and 12 Some as above. 

Adjust R2 to the 
lowest value 
that will still 
allow counter to 
operate. 

Any switch Between J1 and 12 

To (b; for normally - 
open switch. To (a) 
for nrmally- 
closed switch. 

Same as above. 

Any resistive 
element (moisture 
detector or thermistor) 

Between 11 and 12 Depeids on element. Same as above. 
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build a 

Flashing Electronic Taillight 
By Jack Allison 

Asure -fire conversation starter and 
traffic stopper, this unusual gadget 

for your bike will add safety to 
your night trips and fun to any 
indoor gathering. The circuit is 
simple and easily constructed. 
The "chassis" can used by the 
author leaves plenty of room to 
work, but there's nothing to 

prevent you from building a 
smaller unit. 

Construction is easy. Draw a 
circle on the can and drill holes on 

the circle for the reflectors and the 
neon lamps. Enlarge the holes with a 

reamer if necessary. You can use practically any neon lamp provided it does 
not have a built -in resistor. The larger the lamp, the greater the battery drain. 
The bulbs chosen are pushed through rubber grommets. (It will help if you 
moisten the bulbs first.) Pick the grommet that fits the bulb type you are using. 

The pictorial shows the placement of parts. Make sure all connections are 
soldered well and that there are no shorts. Place tape over the battery termi- 
nals. As protection against moisture and vibration, drive small nails around 
the edge of the can into the wood back, then place a strip of tape around the 
edge of can. To prevent theft, attach taillight so you can remove it easily. 
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Components are soldered directly to the 
neon lamp bases. Spaghetti insulation 
should be used to avoid possible shorts. 

PARTS LIST 
CI,C2.C3 -.25 mf, 200 volts (or higher) capacitors 
RI,R2,R3- 220,000 ohms, '/7 watt, 5/, resistors 
NLI,NL2,NL3 -NE -Sl or NE -5IH neon lamps (see 

tent) 
SWI -SPST toggle switch 
111,02-45-volt batteries (four -22.5 volt batteries 

may be substituted) 
3-Red reflectors 
3- Rubber grommets to fit lamps 
I -Tin can and fitted wood back 
Misc.- battery connectors, wire, etc. 

It may be necessary fo turn SW1 on and 
off a few times to start flasher. Neons 
are fragile and should be moistened 
so they can be fitted through grommets. 

NL1 NL2 NL3 
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The Solar Wheel 
Mystery wheel blends fun with theory of solar cells. 
By George Byron 

THE mounted motor -driven wheel pictured on this page has 
no visible power cable, and no dry cell or battery is hidden 

in the base. However, when sunlight strikes the wheel's surface, 
it turns. Using a bright lamp will accomplish the same thing. 
In other words, the wheel is powered by light. 

How does it work? The small black disk just above the motor 
housing provides the answer. It is the remarkable new solar cell 
which converts ordinary sunlight into electricity. This insignifi- 
cant looking black chip may one day revolutionize the produc- 
tion of electric power. 

Striking spiral effect has been painted on 
author's wheel. Black disc near eye of the 
wheel is a high-output Hoffman solar cell. 
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Light is absorbed in a silicon crystal by 
liberating loosely bound negative charges, 
(electrons) and the free -to-move holes. 

An electric field exerts a force on charged 
particles, moving them if they are free. The 
force moves holes in one direction and 
negative electrons in the other direction. 

In a thin barrier at junction between an 
electron -rich N- region and a hole -rich P- 

region, a strong built -in electric field exists 
which keeps the electrons and holes apart. 

Miniature Aristo -Rev motor 
converts electrical energy 
of solar battery to high 
torque. Wheel is cut out in 
even sections for proper 
balance and lower weight. 

All drawings courtesy 
Dell Telephone Laboratories 

SILICON CRYSTAL 

Hole 

Electron 

ELECTRIC FIELD 

SILICON P -N JUNCTION 

fleck.* Rich terrier or Hole Rich 
n Silicon Electric Field 
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During any 24 -hour period, the 
amount of energy radiating on earth 
from the sun totals more than one quad- 
rillion kilowatt hours. Since this figure 
is meaningless without some tangible 
comparison, we can express it another 
way: it is equivalent to all of the po- 
tential energy stored in all of the earth's 
known reserves of coal, oil, natural gas 
and uranium. Small wonder then that 
for centuries men have searched for 
methods of capturing even the smallest 
fraction of this stupendous energy 
source for useful power. 

In April of 1954, Bell Laboratories 
made an announcement of outstanding 
significance. Three of their scientists,* 
working as a team, had developed a tiny 
silicon cell which converted ordinary 
sunlight directly into usable amounts 
of electricity. And silicon, which comes 
from ordinary sand, is one of the most 
abundant materials on earth. With one 
magnificent stroke, this device, now 
known as the Bell Solar Battery, swept 
aside the cumbersome process of pro- 
ducing electric power and harnessed the 
sun as a power source. 

Like many important inventions of 
the past, the solar cell is basically simple 
in construction and operation. (It is 
a Solar Battery when two or more cells 
are connected together.) The cell con- 
sists of a wafer of silicon, about 1/25 
of an inch in thickness and about the 
diameter of a quarter, in which a minute 
amount of arsenic is added as a neces- 

O. L. Pearson. D. M. Chapin. and C. S. Puller 
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When the light is absorbed, freeing 
electrons and holes in the barrier 
region at a P -N junction, the built -in 
electric field forces the holes into the 
P -side, making it positive, and the 
electrons into the N -side making it 
negative. This displacement of 
charges causes a voltage to appear 
between the silicon crystal's ends. 

sary impurity. A layer of boron, .0001 
of an inch in thickness, is diffused on one 
surface of the wafer to form a P -N junc- 
tion, similar to that of a transistor. The 
silicon acts as the electron -rich N layer, 
while the boron is the hole -rich P layer. 
Between these two layers is a thin bar- 
rier region in which a strong electric 
field exists, keeping the electrons in the 
silicon and the holes in the boron. 

Theoretically, a solar cell will never 
wear out, for there are no moving parts 
and nothing is destroyed or consumed in 
the energy conversion process. Its pres- 
ent efficiency of 11% compares favor- 
ably with the best gasoline and steam 
engines. Estimates are that the ulti- 
mate efficiency can be increased to 23 %. 
It's nice to remember though, that the 
other 77% will not really be wasted as 
far as we are concerned, for it will all 
be supplied gratis, courtesy of old Sol. 

The Solar Wheel illustrated can be 
used in laboratory demonstrations of the 
energy conversion process, or at science 
fairs. The Wheel also makes a puzzling 
window eye -catcher. Since ordinary 
display lamps will make the wheel turn, 
placing the entire assembly on a glass 
plate, with no visible sign of a power 
supply, will command a great deal of 
attention. The solar cell can also be dis- 
mantled of course and used for further 
experimentation. The solar cell used in 
author's model was Hoffman Type 2A, 
cost $7.50, but other equivalent current 
cells may be used. 

You can obtain the solar cell from 
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Allied Radio and other large electronic 
parts distributors. 

The motor may be obtained from: 
Polk's Model Craft Hobbies, Inc., 314 
Fifth Avenue, New York, N. Y. Aristo- 
Rev Motor No. 2, $3 postpaid. There 
are similar motors available from other 
distributors but they have a higher in- 
ternal resistance and may not work 
properly. The correct motor has an in- 
ternal resistance of less than 15 ohms. 

Constructing the Solar Wheel 

On a sheet of stiff cardboard draw 
a 10" diameter circle. Draw another 
concentric H" circle. Cut away the 
area outside the 10" circle and inside 
the inner circle. Be sure to maintain 
balance for a low starting torque. 

Force -fit the motor in the H" center 
hole and fix it in place with glue. The 
disc should fit around the motor hous- 
ing close to the end away from the arma- 
ture brushes. Remove a pair of 4" 
lengths of bare wire from a stranded 
wire cable. Solder one wire to the back 
and near the edge of the solar cell. This 
is the negative side and is silvered over. 
CAUTION: Use a low -heat soldering 
iron and apply heat for a short time 
only. Solder the other wire to the sil- 
vered rim on the other side. This is the 
positive end. 

Punch two tiny holes through the 
cardboard about 11/4" apart, about 11/2" 
above the motor body. Insert a wire 
from each side of the cell through the 
two holes until the cell lies flush with 
the wheel (black surface up) . Then 
solder each wire to a separate armature 
brush. Obtain two 10" lengths of W' 
wood dowel. Drill a ,' -6" hole near the 
end of each dowel, 1/2" in depth. 

Drill two holes same diameter as the 
dowels in a block of wood, 23/4" apart, 
center to center. Insert and glue the 
dowels into the holes. The two s" holes 
should face each other at the top. Make 
certain that the two holes are the same 
distance from the surface of the wood 
block. Then insert each end of the mo- 
tor shaft into the holes in the dowels. 
Since the armature shaft is fixed in the 
supports, the motor housing will turn 
instead, thus turning the wheel. 

The wheel will turn if strong sunlight 
falls on the surface of the disc at an an- 
gle of about 120 degrees or less. If you 
demonstrate this device indoors, use a 
150 -watt reflector spot lamp about 12 "- 
18" away from the wheel. The light 
should strike the surface of the wheel 
at an angle no greater than 60 degrees. 
If the wheel is perfectly balanced, it will 
be self -starting. A slight touch at the 
edge will provide starting torque. 

Electricity From Salt 
WHAT does salt have to do with elec- 

tricity? That was what scientists 
at the Honeywell Research Center got 
to wondering one day, and they didn't 
know the answer. Neither did anyone 
else. No one had ever done thorough re- 
search on the special characteristics of 
salt. So the wondering men at Honey- 
well launched a research program on 
common table salt (sodium chloride) . 

They first took a fine -mesh platinum 
screen (see photo) and filled it full of 
salt. Then they heated the crystals until 
they melted. After that, they studied the 
infrared absorption qualities of salt 
(which gave them clues as to its struc- 
ture) . They found that salt can be made 
to generate electric power. Solid -state 

salt is an insulator but when molten it 
becomes a conductor, its resistance de- 
creasing by as much as seven orders of 
magnitude. Thus salt may one day have 
a role in switching. 
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REPAIR THAT 

MICROPHONE! 
By David Herman 

Unsolder the defective cur 
tridge. Be sure to indicate 
which is ground lead wire. 

INCE a substantial part of a microphone's cost is in the case 
k itself, you can save considerable money by rebuilding mikes 
whose cartridge is defective instead of re- buying the entire unit. 

The inexpensive ($6.47) and rugged Shure R5 controlled 
magnetic cartridge is particularly suited for replacement service 
as it has a thick rubber rim which can be trimmed to fit a variety 
of microphone cases. Practically immune to heat and humidity, 
the R5 has a smooth frequency response, suitable both for re- 
cording and public address use. And by removing the cartridge's 
plastic damping cover you can cut its bass response to produce 
a communications microphone with a sharp, crisp quality. The 
R5 has a minimum mounting diameter of W8" so make sure 
(before purchase) that it will fit the mike case. 

The Shure R5 is stocked by most large parts suppliers or it can 
be ordered through your local Shure microphone dealer. 
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Part of rubber rim is trimmed away with sharp 
knife. Make certain RS has snug fit in case. 

Solder both leads to new 
cartridge making sure that 
ground lead is connected to 
correct lug. Although car- 
tridge is not heat -sensitive, 
its best to use long -nose 
pliers to carry off the heat. 

Position cartridge in case and glue shock mounts in 
place. New shocks may be made of excess rubber. 
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For the home recording buff: a mixer plus VU meter 
that will handle four microphones per channel. 

By Harry Kolbe 

41. 

sU 

MIXER PARTS LIST 
RI- 240,000 ohms R2- 91,000 ohms 
R3- 330,000 ohms (original bias resistor) 
R4-33 ohms 
CI -2 mf, IS v. electrolytic capacitor 
Mixer -Olson Radio RA -345; Lafayette PA-292 

VU METER PARTS LIST 
R I -5t1 MO -ohm potentiometer 
R2- 21,000 ohms R5-100 ohms 
R3 -100 ohms R6-680 ohms 
R4- 270,000 ohms R7 -3,900 ohms 
CI,C3,C4 -10 mf, 15 v. C2 -S0 mf, 10 v. 
81- Battery, 22.5 v. 
SI -SPOT S2 -SPST 
01.02 -RCA 2N217 
MI -VU Meter (Lafayette TM -10; Olson ME75) 

Schematic of the two -transistor VU meter 
amplifier. Toggle switch Si connects the 
meter to either the right or left channel. 
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IN THE past year or. two, home tape 
recording has boomed in popularity. 

Relatively inexpensive stereo recorders 
are now available with quality ap- 
proaching that of professional machines. 
Once the tape- recorder owner is bitten 
by the bug, he tries his hand at taping 
live performances. As he becomes pro- 
ficient in the techniques, he realizes that 
he needs additional equipment to get 
professional -quality results. 

The professional recording of a live 
situation may require the use of two or 
more microphones on each channel, or 
the mixing of other material into the 
program. Unfortunately, most stereo 
tape recorders can take only two inputs 
at a time. Professionals use a device 
called a mixer which is capable of ac- 
cepting several different inputs and 
mixing them in any desired proportion 
into a single signal. Of course, a separate 
mixer is needed for each stereo channel. 

The amateur can get the same kind 
of professional results with an ingenious 
low -cost transistorized mixer -one that 
can be built for under $20. Each channel 
of this mixer can take up to four signals 
from microphones, tuners, phonographs, 
recorders, etc. The level on all four of 
the mixer inputs can be varied inde- 
pendently and combined into a single 
output. For example, you may be 
taping a stereo record and at some point 
you may want to fade in a microphone 
and fade out the phonograph to make an 

announcement. With this mixer it's a 
cinch. 

In addition to the mixing facilities of 
the unit, a VU meter is included so the 
output of either channel of the mixer 
may be monitored. Once the VU meter 
is calibrated, it will be possible to adjust 
the relative levels of any of the mixer 
inputs so the signal to the recorder is at 
the proper recording level. 

The heart of the stereo mike mixer 
consists of a pair of commercial four - 
channel transistorized microphone 
mixers. We found that these mixers had 
frequency response that was down 3 db 
at 8.5 kc and a gain of little over 1.5 db. 
Although this is sufficient frequency re- 
sponse for the microphones supplied 
with the average inexpensive recorder, 
it was felt that some attempt should be 
made to improve the response charac- 
teristics of the mixer for those people 
who have purchased better quality mi- 
crophones. By adding three resistors 
and a capacitor, it was possible to 
broaden the frequency response to a 
point where the mixer was down only 3 

db at 18 kc at a slight sacrifice in gain. 
At the low end, the mixers are flat to 
below 20 cps. 

A high -input -impedance, high -gain, 
two-transistor amplifier is used to drive 
the VU meter and its gain is high 
enough that even a microphone signal 
of a few millivolts gives full -scale meter 
deflection. The current drain is so low 

VU meter board. Dotted lines represent wiring on reverse side. In board's center are meter terminals. 
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the battery will last almost its shelf life. 
The input of the VU meter amplifier is 
connected through an SPDT switch 
which permits the meter to be switched 
to the output of either channel. 

Modifying the Mixers. A good start- 
ing point in the construction of the mike 
mixer is the modification of the mixer 
units. Remove the covers of the two 
mixers. Soldered to one level control 
is a four -terminal tie strip (see Fig. 
3) . Remove the 330,000 -ohm (orange - 
orange- yellow) resistor (R3) . In its 
place, connect Rl, R2 and Cl as shown. 
Next, referring to the transistor lead 
marked with an X in Fig. 3, install a 
33 -ohm resistor (R4) as shown. Connect 
a 101/2 -inch length of shielded audio 
cable to the output jack of each mixer. 
The inner conductor connects to the 
center terminal of the jack, shielding to 
the ground side. This completes the 
electronic modification of the mixers. 

The VU meter and amplifier are 
mounted in a 5 x 214 x 214 -inch Mini - 
box. Drill the holes required for Ml, Rl, 
Sl, S2 and the audio cables from the 
mixers. Install the cabinet mounting 
components. 

The VU meter amplifier is built on a 
21/2 x 2 -inch piece of perforated board. 
Mount the components by pushing leads 
through the board's holes. Solder the 

connections on the reverse side as 
shown in the pictorial. Take care not to 
heat -damage the transistors. Mount the 
completed amplifier on the meter termi- 
nals and then make the appropriate con- 
nections between the amplifier and 
other components as shown. 

The unit pictured was stacked by run- 
ning bolts through the covers. If your 
setup requires a different arrangement, 
feel free to make modifications. 

A word of caution: You may feel it's 
more efficient to operate the two mixers 
from a single 9 -volt battery. Don't do it 
or you may run into a feedback problem 
due to the common power supply. 

For maximum usefulness, the VU 
meter in the mixer should be calibrated 
to operate in conjunction with your re- 
corder's level indicator. Although not 
shown in the author's prototype, use a 
pointer knob and scale on VU level con- 
trol Rl to enable accurate re- setting. 
Make some test recordings with your 
usual microphone setup, and adjust Rl 
so that the average recording level falls 
on or about 0 db immediately before the 
recorder's indicator shows overload. 

Note that the mixer's low output im- 
pedance enables long lines to be run 
between the mixer and recorder with- 
out noise pickup or high- frequency 
loss. 

VU amplifier board subassembly is seen at left. Completed board is installed in cabinet (right) after the 
meter, two switches and potentiometer are mounted. The board is supported by the meter terminals. 
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Details of feedback conversion made to commercial mike mixer to extend mixer's frequency response. 
Olson mixer is shown. Lafayette unit has same parts values, but different tie -strip arrangement. 

Internal view of the completed VU meter amplifier. The bolts protruding from the case are used to Sold 
the three units together when stacked as in photo at right. Any workable setup may be used. 
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For The First Time 
ANYWHERE 

t=e- C] x l 
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By Bert Mann 

FOR ALMOST 20 years we've known 
ll you can get the cleanest clean, not by 
using those detergents you hear about 
on TV, but with an ultrasonic cleaner. 
The only flaw lay in the price of silent - 
sound scrubbers. The smallest ones cost 
$75 to $100. 

We herewith present the first build - 
it- yourself ultrasonic cleaner, which 
you can put together for about half the 
cost of commercial units. 

In an ultrasonic cleaner it's the clean- 
ing fluid that does the work, doing a bet- 
ter job in seconds than you could do in 
hours of hand -scrubbing. Jewelry, small 
parts, even your eyeglasses come out 
with more sparkle than when new. 

An ultrasonic cleaner is a compara- 
tively simple device consisting of a gen- 
erator (or power oscillator) producing 
a high -frequency electrical signal and a 
transducer which converts this electri- 
cal energy to mechanical energy (sound 

waves) and couples it to a cleaning fluid. 
When the h -f acoustic energy hits the 
cleaning fluid, cavitation takes place and 
that's what does the scrubbing. Millions 
of microscopic vacuum bubbles or cavi- 
ties are formed. As the cavities collapse 
(implode) they create pressures up to 
20,000 pounds per square inch. The term 
cavitation comes from these cavities. 

Anything immersed in cavitating fluid 
thus is subject to immense pressures, 
and dirt clinging to it is blasted away. 
Yet ultrasonic cleaning is so gentle that 
a delicate microscope slide comes out 
spotless and also in one piece. 

This ultrasonic cleaner has a one -pint 
capacity and uses an easy -to -build gen- 
erator circuit. Arrangements have been 
made with a manufacturer of ultrasonic 
cleaners (see Parts List) to supply all 
special components as a kit for $39.95. 
While some of the items are standard, 
the kit includes them because we were 
able to obtain an extremely low price on 
them. Including chassis and finishing 
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tively simple despite many special components. 
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components, the total cost is approxi- 
mately $45. 

The generator is built on a 7 x 9 x 2- 
inch aluminum chassis with the layout 
shown. To avoid an arc -over from the 
tube socket to the chassis, use a 2 -inch 
diameter cut -out for the socket. Notice 
that the tube socket has seven pins, one 
larger than the others. Position the 
socket so the large pin is toward the 
front panel. Be sure to leave sufficient 
space between the socket and panel for 
power switch Sl. 

Ll is tuned by a metal slug attached to 
a rod. Since the slug must slide freely 
inside Ll, the rod's grommet hole must 
be carefully positioned on the front 
panel. Drill a % -inch hole 1/2-inch down 
from the top of the chassis on the center- 
line of Ll's cut -out. 

Assemble as follows: First insert the 
tuning rod inside Ll. Then mount Li in 
place with a 1/2-inch conduit strap at 
each end; the straps may have to be ex- 
panded to fit around Ll. With the 

mounting strap screws loose, position Ll 
so the tuning rod slides in and out 
through the grommet without binding. 
Tighten the strap screws, then push the 
tuning rod all the way back into Ll. The 

PARTS LIST 

RI -7,500 ohm, 25 -watt resistor 
CI -.002 mf, 3KVDC (Special or transmitting mica capaci- 

tor, UI 40C1.42) 
C2 -.02 mf, 3KVDC (4 parallel -connected .0047 mf, 3KV 

disc capacitors) 
C3 -.0047 mf, 3KVDC ceramic disc capacitor 
LI -Coil and tuning slug assembly (Special, UI 40CI -24 

and UI 4001 -20) 
VI-826 tube and socket (Johnson type 247) 
TI -Power transformer (Special, UI 4001028) 
Misc. -transducer, tank and hardware (Special) 

The above components are available as a 

kit from Ultrasonic Industries Corp., 
Ames Court, Engineers Hill, Plain- 
view, N. Y. The price is $39.95 post- 
paid. Optional tank housing is 

$3.50 additional postpaid. 

C4,C5 -.01 mfd ¿CO vdc ceramic 
disc capacitor 

JI -Coaxial jack type 50 -239 
PLI- Coaxial plug type PL -259 
SI -SPST 
Misc. -21/2 -inch conduit straps (to 

clamp LI) available at hardware 
stores; 4 feet coaxial cable (type 
R659A/U ) 

Tr' INC 
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rod will stay inside the chassis, avoiding 
damage as you complete the wiring. 

Capacitor C2 is four paralleled .0047 
mf ceramic discs totaling approximately 
.02 mf. Use the parallel arrangement 
since a single .02 mf capacitor may be 
destroyed by internal heating. Prior to 
installation, twist C2's leads together 
and solder each as one heavy lead. 

While there is room for Rl under the 
chassis, it gets fairly hot and is best 
mounted on the top as shown. After 
mounting, make sure Rl's contacts 
cannot touch the chassis. When all 
wiring is completed, pass the tuning rod 
through its grommet and attach a knob. 
Since the generator develops over 1,000 

.4h 

volts, both a protective bottom plate and 
a well -ventilated chassis cover should 
be provided. 

The tank assembly is shown in an ex- 
ploded view. Note that both sides of the 
transducer appear to be painted white. 
It is not paint however, but a layer of 
silver and must be handled carefully. 
Prior to assembly, clean both sides of 
the transducer and the bottom of the 
tank with a solvent such as Chlorothene 
(a household detergent will do in a 
pinch, but be sure to rinse the compo- 
nents). 

For proper transmission of the acous- 
tic energy, the tank must be assembled 
with epoxy. And since the bottom of the 
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RETAINING NUT 

SOLDERING LUG 

V 
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WASHER 
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INSULATING 
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SOL DE RING 
RING 

TRANSDUCER 

TANK 

Assembly o transducer is critical. Follow 
the text care'ully as an assembly error after 
the use of e)oxy glue cannot be remedied. 

o 0 0 ^ 

o o 

,0 

o 

- T j 

o 

Chassis layout (top view) should be followed. Space high- voltage compo 
nents away from chassis to prevent are-over. Tuning rod hole is drilled last 
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tank serves as the ground connection it 
must also be in good electrical contact 
with the transducer. Arrange short 
lengths of stranded wire on one side of 
the transducer (see photo) and coat the 
surface with epoxy. Place the insulat- 
ing sleeve (not shown) around the 
tank stud and lower the transducer, 
epoxy side down, centered around the 
tank stud. Place the soldering ring on 
the transducer so it is also centered 
around the stud. Apply a coating of 
epoxy to one side of the insulating clamp 
plate and lower the plate, epoxy down, 
on the soldering ring. Apply a flat 
washer, a lock washer and the nut. 
Tighten firmly. Allow 24 hours for the 
epoxy to set. Then place a solder lug on 
the stud held in place by a second nut. 

The tank housing can be fabricated 
from sheet metal, but a rubber rim must 
be placed between the housing and the 
tank's rim to prevent spilled solvent 
from getting to the transducer. A hous- 
ing complete with rubber rim is avail- 
able for $3.50 (see Parts List) . 

Strip three inches of the outer insula- 
tion from one end of the coaxial cable 
and pull the center conductor through 
the shield at the insulation. Solder the 
shield, as near as possible to the insula- 
tion, to the soldering lug on the tank's 
stud. Strip 11/2 inches of insulation from 
the center conductor and tin the ex- 
posed strands. Force the center conduc- 
tor against the transducer's silvered 
surface and, using a low- wattage iron, 
solder the wire to the soldering ring and 
transducer. Pass the free end of the co- 
axial cable through the tank housing 
and install coaxial connector PLl. If 
desired, the free end of the cable can be 
connected directly to the generator's 
output terminal and ground. If a direct 
connection is made, use a cable clamp at 
the generator to secure the cable. 

Before connecting the tank to the gen- 
erator, check it out with an ohmmeter. 
The cable shield should have continuity 
to the tank and open circuit to the cen- 
ter conductor. The center conductor 
should read continuity to the trans- 
ducer's exposed silver surface. Pass the 
excess cable through the housing and 
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force the tank into the housing, pulling 
the cable through. 

WARNING: NEVER OPERATE 
WITHOUT FLUID IN THE TANK. 

For your protection, ground the gen- 
erator by connecting a wire (#18 or 
#16) between the generator chassis and 
an external ground. 

For check -out, pour a mixture of 
water and liquid detergent into the tank 
(10 oz. water, .5 oz. detergent) . Turning 
on the power will result in the 826's fila- 
ment glowing a bright white -yellow. In 
a few seconds the fluid will cavitate 
(cold boiling) . Adjust the tuning rod 
for maximum activity as evidenced by 
vigorous boiling. Boiling may occur at 
several settings of the tuning rod but 
one or two settings will provide maxi- 
mum action. 

Remember: never put your hand in 
the solution while the unit is on. 

The proper cleaning solution depends 
on what you're trying to clean. Plain 
detergent and water is good for some ap- 
plications. A dash of ammonia helps. 
The kit of parts for this unit includes a 
Cleaning Solution Data Chart. There 
are several precautions to be observed: 

Do not use highly inflammable so- 
lutions since cavitation causes heat. 

Do not use toxic or low- flash -point 
solvents. Under ultrasonic agitation, 
carbon tetrachloride will form phos- 
gene, a deadly gas. Low -flash -point sol- 
vents like benzene and naphtha develop 
vapors which are easily ignited. 

150,000 RPM 
ANEW three -phase induction motor 

(above) built by Toshiba of Japan 
is capable of doing 150,000 rpm, a record 
in its class. The water -cooled unit op- 
erates on 300 -380 volts at 2,500 cycles, 
requiring a special static inverter which 
has a silicon -controlled rectifier. It has 
a rating of about 270 hp. The motor will 
be used to turn high -speed lathes and 
grinders. 
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make your own 

Printed Circuits 
By Harry Kolbe 

NEW, INEXPENSIVE techniques and materials have brought 
printed circuit projects within the reach of all. Hard to get 

materials and tedious drilling have been elimi- 
nated by a number of new developments. The 
introduction of perforated copper -clad boards, 

and a whole variety of resists take the 
work out of do-it- yourself printed cir- 

cuit -board design and fabrication. 
Let's look at the boards first. The 

holes in the board are ;' -,;" in diameter 

- 
{ 

- 
- 

.. with A" be- 
tween hole 
centers. Four 

different board 
sizes are available, one of which should be about right for your latest 
project. Of course, the boards may be easily cut with a variety of 
tools to any desired size. 

Circuit Layout and Design. Most of the same techniques used to. 
lay out perforated chassis boards also apply to the copper clad 
boards. Without repeating the entire discussion, there are several 
points worth mentioning. 

Graph paper is an excellent design aid for use with these boards. 
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Each intersection of vertical and hori- 
zontal lines represents a hole in the 
board and the layout sketch made on 
the graph paper need not be to scale. 
It's a good idea to have all the compo- 
nents on hand before starting for you 
can plan your layout by mounting the 
components temporarily on the board. 
Simply bend the component leads and 
push them through the board perfora- 
tions. After the components are in their 
final position, sketch in the common 
buss lines such as ground and B +. 

How to use Resist. After the circuit 
has been designed on paper, it must be 
transferred to the copper foil on the 
board. Here's where we depart from 
the non -copper clad perforated board 
techniques. First a resist is laid down on 
the copper foil in the areas that are to 
serve as the "wiring." The areas un- 
protected by resist are eaten away by 
the acid. Available to the do-it -your- 
selfer are tape resists, liquid resists and 
ballpoint tube resists. All are inexpen- 
sive, easy to use, and stocked by most 
large mail order radio supply houses. 

Tape resists are available in rolls of 
three widths (1/32 ", ¡,;" and Ye). To 
use tape resist, simply reproduce the 
conductor pattern in tape on the copper 
foil. Press the tape down firmly at con- 
ductor intersections and joints to pre- 
vent etchant leaking under the tape. 
Tape resist ti" circles may be used at 
points where component leads are 
brought through and connected to the 
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foil but are not really necessary with 
the perforated board. Remember to 
lay out the resist over the holes, not be- 
tween the rows of holes. 

Liquid resist is etchant resistant paint 
which can be applied to the foil with a 
small brush. Unlike tape resist, which 
is more or less limited to straight line 
conductor paths, liquid resist can fol- 
low the convolutions of any circuit pat- 
tern. When large areas of foil are to be 
covered, liquid resist is handiest to use. 
Its only disadvantage is that it must be 
removed from the foil before soldering. 
Fine steel wool will do the job easily. 

The third, and perhaps most conveni- 
ent to use, is a liquid resist dispensed in 
a stripe from a ballpoint tube. As 
with the other liquid resists, the resist 
must be removed later at points where 
the foil is to be soldered 

Etching the Board. It's important to 
realize that the chemicals used are 
highly corrosive and therefore danger- 
ous. Keep the etchant in its tightly 
closed bottle and be careful not to 
splash it on your skin, clothes, or sur- 
rounding work areas. If an accident 
occurs, flood the etchant with water im- 
mediately and neutralize with sodium 
bicarbonate (baking soda) . It might be 
a good idea to wear rubber gloves and 
work at the kitchen sink 

A recommended etchant manufac- 
tured by Techniques, Inc. is available in 
6 ounce, pint, and quart sized unbreak- 
able plastic bottles 
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Pour the etchant into a flat -bottomed 
glass dish, never a metal container. 
Carefuly check the resist on the circuit 
board in order to make sure that you 
have covered all of the copper foil that 
you wish to retain. Immerse the board 
in the etchant. Agitate the board in its 
bath every minute or so to encourage 
fresh acid to reach all areas of the ex- 
posed copper. Continue for 5 to 10 min- 
utes until all the exposed copper has 
been eaten away. The time required 
cannot be stated exactly since it de- 
pends on temperature, thickness of cop- 
per, number of times etchant has been 
used, etc. 

After the etching is complete, wash 
off the etchant under cold running 
water and then dry the board with a 
cloth. Strip off the tape resist, or if a 
liquid resist was used, remove it by rub- 
bing lightly with fine steel wool. For 
ease of soldering, polish the copper with 
steel wool until it is shiny. Your etched 
circuit board is now complete. To use, 
simply place the components on the 
non -foil side of the board, push their 
leads through the perforations and sol- 
der them to the foil. 

The total cost for the resist, boards, 
and etching materials is only about 
$3.00 -and since there is enough mate- 
rial for seven or eight more projects, 
that figure comes down to about 37¢ a 
project. But your big pay -off is a pro- 
fessional-looking electronic device that 
is a snap to build. 

1 Graph paper ruled in ti -inch squares 
is helpful in planning initial layout. 2 Tape 
resist ma-, be used for strcight lines anc. 

3 ballpoint tube resist will serve for curves. 
Another type of resist 4 Is a liquid which is 

applied with a small brush. This is suitable 
for covering large areas cf foil. 5 After 
circuit is laid down in resist, the board is 

dipped ir. an acid bath. After etching is com- 

pleted. thy board is washed in water and is 

then ready to have the components installed. 

Ql 
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IIMIIIIIIS 
PART I 

We take o look at the inner workings of o crystal diode for clues to tran- 
sistor operation. Comparisons are made among the basic tube and transistor 
configurations and their biasing requirements. 

PART II 

What happens to the phase of a signal going through an amplifier? The 
question hos practical significance since it determines whether a common - 
collector, common -emitter or common -base mode best suits a circuit. 

PART I!! 
Transistor amplifiers have three types of gain. With tubes, it's usually voltage 
gain that counts. But transistors are current -operated devices, so current 
and power gains are most important. 

FROM pocket radios to computers, the transistor and its 
semiconductor relations are taking over a host of jobs 

previously reserved for the vacuum tube. A working under- 
standing of these mighty midgets is as important to today's 
electronics enthusiast as his soldering iron or Ohm's Law. 
One of the best ways to become familiar with an electronic 
circuit or component is to put it through its paces in a va- 
riety of test setups. This is the approach we take in our basic 
transistor course. 
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PART ONE 

Before dealing with the transistor, it would be a good idea to 

take a look at exactly how a diode works. A diode is made up 
of two crystals, a positive type (P) and a negative type (N) joined 
together. The P crystal serves as the anode and the N as the 
cathode. Fig. 1 shows a diode for two conditions of applied po- 

larity. When the negative side of the battery is connected to the 
diode's anode and the positive to the cathode you have a situation 
known as reverse bias (A) . Without getting into the matter of 

majority or minority 
current carriers, let it 
suffice to say that in the 
reverse bias condition + - 
current flow is mini- 
mized. In the forward + - 
bias condition (B), cur- + - 
rent flow is encour- + - 1 

aged. 
Under reverse bias, 

the diode exhibits a 
high resistance, known 
as the back resistance of -111 1±- 
the diode. You can 
check it out with an 
ohmmeter and any 
diode, such as a 1N34Á. 
Simply place the ohm- 
meter leads across the ANODE 

diode and take a read- 
ing. Now reverse the 
ohmmeter leads and the 
reading will differ con- 
siderably. It is the po- 
larity of the battery in 
your ohmmeter that de- 
termines whether the 
diode is biased forward FIG. 1 

or reverse. - 

v N 

REVERSE BIAS 

+ 
+ 
t t 
fi 

'FORWARD BIAS/ 
N /6N 

CURRENT 

Transistors vs Tubes 
All common transistors are three -terminal, three -element de- 

vices. Unlike the two-element diode, the transistor consists of a 
three -layer sandwich of P and N semiconductor materials. NPN 
transistors have two layers of negative material sandwiching one 
of positive; PNP's have 
the opposite. 

The interactions of 
the layers in a transistor 
can be compared to the ' GRID (-ice l BASE 

functions of the three 
elements in an electron 
tube (see Fig. 2) . The I !CATHODE 

emitter is comparable 
to the cathode, the base FIG' 2 

to the control grid and the collector to the plate. In both devices 
a flow of current originates at the first element, is regulated or 

93 

AmericanRadioHistory.Com



controlled by the second and is received or collected by the third. In a tube and in an NPN transistor the charges that travel from cathode to plate or from emitter to collector are electrons. In a PNP transistor, however, positive charges called holes are the carriers of electricity. This difference has little practical sig- nificance because PNP and NPN transistors in a circuit function the same way except that opposite polarity DC bias voltages are required 

On The Bias 
If you've done any work with transistors, you're aware that they are biased differently than vacuum tubes. In tubes, the control grid is usually given a negative voltage with respect to the cathode (reverse bias) which tends to repel electrons coming toward it from the cathode. By varying this negative voltage, we can control the number of electrons attracted toward the posi- tively charged (forward -biased) plate. 
In the NPN transistor, a forward bias voltage is set up between emitter and base, while a reverse bias is established between col- lector and base, as in 

Fig. 3. The negative po- 
tential of battery Bl 
repels the electrons 
from the N -type emit- 
ter, while the positive 
potential at the base at- 
tracts them. Resistor Rl 
sets the bias level and, 
therefore, establishes 
the amount of current FIG. 3 

flowing from emitter to 
base. 

Now let's look at the emitter -collector (EC) circuit. We take 
another battery (B2) and connect its negative terminal to the 
emitter and its positive terminal through R2 to the collector. Now 
the positive biased collector attracts the electrons from the base - 
emitter (BE) junction. However, the number of electrons that 
can enter the collector is determined by the current flow through 
the base- emitter junction. Without going into the complexities 
of semiconductor physics, let it suffice to say that the current 
flow in the base- emitter circuit controls the current in the 
emitter- collector junction. And since a small current variation 
in the BE circuit causes a much larger variation in the EC cir- 
cuit, we have amplification. 

The PNP transistor works in the same way as the NPN type 
discussed above. There is a difference in the hole and electron 
flow but, as we mentioned, the only practical distinction is in the 
bias polarities. It's easy to remember: the PNP transistor operates 
with a positive voltage on its emitter with respect to the collector 
and base; the NPN transistor operates with a negative voltage on 
its emitter. 

Three Ways to Amplify 
Vacuum tubes can be used in three distinct circuit configura- 

tions: grounded cathode, grounded grid and grounded plate, as 
shown in Fig. 4. A similar division exists among transistors. The 
94 
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common -base (CB) , common -emitter (CE) and common- collec- 
tor (CC) types are shown in Fig. 5. A standard CE amplifier using 
a PNP transistor is shown in Fig. 6. (NOTE: all resistors show 
are 1 -watt, 10'/, except R8, which is 2 watts. All capacitors are 
electrolytic, 10 volts or higher rating.) The input signal is applied 
to the base and the output is obtained at the collector. In the 
equivalent vacuum -tube amplifier the input signal is fed to the 
grid and the output obtained at the platt_ 

Note that unlike our previous theoretical example, in the prac- 
tical circuit of Fig. 6 a single battery (B1) supplies bias voltage 
to both the base and collector. At the input, the base connects 
into the voltage divider formed by Rl and R2 across battery B1. 

This places a bias voltage on the base (with reference to the emit- 
ter) of about 1 /10 the battery voltage 

Another resistor, R3, has been placed in the emitter lead. Wit}: 

INPUT R1 

ew 

INPUT R1 

81 

INPUT Rl 

FIG 4 

82 

R? 

R? 

OUTPUT 

81 

t B2 
T- 

R1 

OUTPUT 

D 
INPUT 

INPUT R 

OUTPUT 
R2 

%Ai 

INPUT Rl 

D 

OUTPUT 
R? 

141 

FIG. 5 

OUTP( 

82 

Three basic tube configurations and their transistor equivalents. Batteries are used to indicate 
polarity of the voltages applied to the elements. Note that the terms "common" and "grounded" 
are used interchangeably, although no grounds are shown in the schematics. The ground in 

each case can be placed at the junction of the two batteries. © Grounded grid and grounded (or common -base) amplifiers. The tube version is encountered 
in RF front -ends and in cathode-coupled phase inverters. The common -base transistor circuit 
usually serves in oscillators. 

The grounded cathode tube and grounded (common) emitter transistor configurations are 
the standard workhorses found in conventional single or multi -stage amplifiers. 0 The common -plate (better known as the cathode -follower) and the common-collector (or 

emitter -follower) generally serve to match a high impedance at their input to a low impedance 
at their output. 
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current flowing through 
the transistor, a voltage 
develops across R3 which 
makes the emitter nega- 
tive with respect to R3's c 1 

lead going to B1 +. The t¡41f 

total base -emitter volt- sic 

age is thus equal to the IN 
1 P2 

voltage across R2, minus 
the voltage across R3. 
The two voltages buck 
each other, but the volt- 
age across R2 is always 
larger; otherwise, no 
current would flow. 

It is also necessary to 516 

provide a negative volt- 
age (reverse bias) be- 
tween collector and base. 
This is accomplished in 
Fig. 6 by connecting one 

81 

c.° 
sur 

Or 

271763 

S/6 
our 

A3 
1R 

+6V 
81 

FIG. 6 

end of resistor R4 to the negative terminal of the battery. Note 
that the negative voltage at the collector is far higher than the 
voltage the divider permits at the base. This establishes the 
reverse bias between these two elements. 

In Part II we will examine the three basic circuits from the 
point of view of two of their significant operating qualities -input 
and output phase and amplification. 

PART TWO 

The phase change (or lack of it) that takes place when a signal 
travels through an amplifier stage is important when dealing with 
phase inverters and oscillators. 

Phase Flipping B1 

The standard common - 
emitter, like the standard 
amplifier tube circuit, 
reverses the phase of any 
signal passing through it. 
We can demonstrate this 
in a simple experiment 
using the circuit of Fig. 
6. Connect a volt -meter 
or VOM set for a low DC 
voltage range with its 
negative lead to the col- 
lector and its positive 
to ground (B1 +). The 
meter will read between 
2 and 4 volts. 

As a signal source we 
will use a 1.5 -volt flash- 
light battery with a 
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FIG. 7 
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4 -inch piece of wire soldered to each terminal. Momentarily con- 
nect the positive battery lead to the base of Ql and the negative 
lead to the common -ground (B1 +). Note that the meter (which 
is reading the negative collector voltage) rises two or three volts. 
In other words, the collector went more negative. If we reverse 
the situation and connect the positive terminal of the battery to 
ground and the negative terminal to Q1's base, the meter reading 
falls: the collector goes more positive (or less negative) . 

We see, therefore, that a positive input signal produces a more 
negative collector voltage. This 180° signal phase change is char- 
acteristic of the common- emitter amplifier. 

There are two remaining transistor amplifier arrangements. 
common -base and common -collector. We'll examine the common - 
base arrangement (Fig. 7) first. 

In a CB amplifier, the input signal is fed to the emitter and 
the output signal obtained from the collector. As with the other 
circuits, the name for this arrangement stems from the fact that 
one element (in this case the base) is common to both the input 
and output circuits. Note that the CB circuit is equivalent to the 
grounded -grid vacuum -tube amplifier configuration, such as is 
used in phase inverters and 
RF amplifiers. 

To deters ine what hap- _8, 

pens to the phase of a signal 
we'll use the circuit shown 
in Fig. 7. Connect the nega- Ulf GI 

tive lead of the voltmeter to So- 
INJSi 

s "a ̀ Ql's collector and the posi- Nr 

tive lead to common- ground r'` NI ~5;,6 
(Bl +) . With the circuit in 

0" 

operation, the voltmeter will 
indicate 2 -3 volts. 

As before, we'll use the 
battery as a signal source. 
With the negative lead of the 
flashlight battery on the com- 
mon ground (Bl +), touch SIG 

the positive lead to Ql's Rz " 
emitter and observe the 
meter needle. It will fall 
below scale and if you switch 
the meter leads you'll find that you have a reading of over 1 volt. 
In other words, a positive voltage signal at the input (emitter) 
of the common -base amplifier causes a corresponding positive 
signal at its output (collector) . 

As a double check, we can connect the battery with its positive 
terminal to ground and the negative lead to the input terminal 
(emitter) . Note how the meter rises about 3 volts from its pre- 

vious reading -indicating, as we would expect, that the voltage 
at the collector has gone more negative. 

Now let's check the common- collector circuit of Fig. 8. Since 
the CC is the transistor analog of the vacuum -tube cathode - 
follower, it is frequently referred to as the emitter -follower. 
Like the CE amplifier in Fig. 6, the input signal is applied to the 
base. However, the collector doesn't feed a load resistor. It 
is connected directly to the battery. Signal output is obtained 

FIG. 8 

81 r. 
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at the emitter, clinching the resemblance to the cathode -follower. 
We can check the phase shift from input to output in the fol- 

lowing way. With the circuit wired as shown in Fig. 8, place 
a voltmeter across R4 with the positive lead to ground (B1 +). 
Less than 1 volt should be read. 

Now connect the test battery with its negative lead to ground 
(B1 +) and its positive lead to Ql's base. The meter falls to 

slightly below zero. Reversing the battery and placing the neg- 
ative lead on the base of the transistor causes the voltage to rise 
about 1.5 volts. In other words, a negative signal at the input 
of a CC circuit caused an increase in the negative voltage at its 
output terminal. And, conversely, a positive voltage causes a 
decrease in negative voltage. This means that there is no phase 
reversal as a signal passes through the circuit, which is exactly 
the case with a vacuum -tube cathode- follower. 

PART THREE 

A key characteristic of an amplifier is its gain. In transistor 
amplifiers, we have three types of gain to consider. Most familiar 
(from vacuum -tube amplifiers) is voltage gain -the ratio of the 

output voltage of a stage to its input voltage. 
Secondly, there is current gain -the ratio of output current 

to the input current. Finally, there is power gain -the ratio of 
output power to input power. 

Amplification: E and /or I 
Since transistors are primarily current -operated devices, cur- 

rent and power gain are most important. Transistors usually 
are employed as power amplifiers, even when used in the RF 
stages of a radio or TV receiver. Vacuum -tube amplifiers, on 
the other hand, usually are voltage amplifiers and their power 
gain becomes important only when a power -operated device such 
as a loudspeaker is to be driven. 

There are times when transistor voltage amplification is im- 
portant (for example, when a transistor drives a TV picture 
tube); however, if a transistor drives another transistor or a 
speaker, it must provide power -not voltage. Remember, in 
any circuit power equals voltage X current (W =EI) or the 
square of the current X the circuit's resistance (W =18R) . This 
means that any transistor with a high current gain usually has 
a high power gain. That is why such emphasis is placed on the 
current gain of a transistor stage. 

In the experiments below we will first measure voltage gain 
and then check the individual current gains of the three basic 
amplifier configurations. From these two characteristics, we 
will be able to calculate their respective power gains. 

Voltage Gain. For the experiments, we will use the transistor 
circuits of Figs. 6, 7 and 8. In each case, a small 6.3 -volt filament 
transformer serves as the signal source, using the circuit shown 
in Fig. 9. The AC input signal is kept small in order not to over- 
drive the transistor. An oscilloscope will be used to view the 
transistor output. 

The general procedure for each amplifier circuit is the same. 
We'll use the circuit of Fig. 6 and apply the AC signal voltage 
at the input of the stage. The oscilloscope is connected across 

J}j 
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the output terminals. 
Start with zero AC input 
and gradually increase 117 Y4t 

the signal (by rotating l 

potentiometer R6) until 
the waveform of the os- 
cilloscope screen starts 
to lose its sine -wave 
shape and distort. Then, 
back off R6 until the dis- IOW VAC 

tortion disappears. Note 
the height of the pattern 
by measuring it with a 
ruler or using the ruled 
mask over the scope 
screen. Then, without 
touching anything else, 
place the input leads of 
the scope across the input FIG. 9 

voltage and measure the 
height of the sine -wave appearing on the screen. By dividing the 
input voltage reading into the output voltage reading, the volt- 
age gain of the amplifier stage can be computed quickly. Check 
each set of measurements several times to make certain the cor- 
rect figures are obtained. 

Of the three circuits, it will be found that the CB amplifier has 
the largest voltage gain, while the common collector has the 
smallest. In fact, the voltage gain of the CC amplifier is some- 
what less than 1 -which means that you actually get less signal 
voltage out than you put in. In the CE and CB arrangements, a 

fairly sizeable voltage gain will be obtained 

Finding the Beta 

Now we'll measure the current gains of each amplifier type. 
starting with the common- emitter circuit of Fig. 10. In the CE 
mode, current gain is referred to as beta. Actually there are two 
current gains to deal with -AC and DC. A small -signal AC beta 
test is made on low- and medium -power transistors. The large - 
signal DC beta test is for high -power transistors. Low -power 
transistors designed for switching are exceptions to this rule. 
since the DC beta test best simulates their actual operating con- 
ditions. 

DC Beta. When dealing with DC current gain, as we will be in 

the experiment below, the gain is determined with the formula: 

beta 
collector Curren: 

base current 
To set up the experiment, adjust R7 (Fig. 10) to 50,000 ohms 

as measured by an ohmmeter. The resistance in the base -emitter 
circuit (R7 plus R4) then totals 60,000 ohms. The 1,000 ohms of 

R3 can be disregarded since it is negligible in comparison to the 
other figures. 

With a 6 -volt power supply and 60,000 ohms in the base- emitter 
circuit there is .1 ma of current flow. Now measure the voltage 
across R8 (say it's about 1.5 volts) and divide it by R8's resistance 
(470) . This gives you about .003 amps (3 ma) as the collector 
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current. If we now divide this 3 ma collector current by the .1 ma 
base current, we have the DC current gain for the stage -30. It's 
as simple as that! 

With the 2N363 transistor, current gain of anywhere from 15 
to 40 can be expected. As a check, we can set R7 /R4 for a total of 
40,000 ohms. Now .15 ma is flowing in the base circuit. If you cal- 
culate the collector output current as above, you'll find that the 
current gain has remained the same. This will be true over a mod- 
erately wide range of input current. 

AC Beta. The AC current gain test gives a better idea of what 
we may expect of a transistor under operating conditions. The AC 
beta describes the amount that a small change in base current 
(Ib) is reflected by a change in collector current (k) . Expressed 
as a formula: 

AC beta - lc change 
Ib change 

The circuit of Fig. 10 will serve also for AC beta checks. As a 
start, we have the figures obtained in the DC beta measurement - 
.1 ma base current and 3 ma collector current. 

Now set the R4 /R7 combination to provide a total base circuit 
resistance of 30,000 ohms. With the 6 volts of B1, this produces 
a base circuit current of .2 ma (I =E /R) . This represents a change 
in base current (Ib) of .1 ma from the previous value. This figure 
goes in the denominator of the equation. 

For the le change figure needed for the numerator, we measure 
the voltage across R8 and divide it by R8's resistance. This gives 
the new Ic. The difference between this value of collector current 
and the previous DC beta value is placed in the numerator. Work 
out the equation and the answer is the AC beta value for the spe- 
cific 2N363 transistor you used in the circuit of Fig. 10. (For other 
circuit arrangements, the transistor, may have slightly different 
values of AC and DC beta. In normal operation, however, all will 
be fairly close together.) If one checks out, the other will too. 

Analyzing the Alpha 
Let's turn to the cur- 

rent gain of the common - 
base circuit shown in 
Fig. 11. In the common - 
base configuration, the t.'; 
symbol alpha is used for 
current gain. Alpha ex- 
presses the ratio of col- 
lector current (Ic) to 
emitter current (le) or 

alpha = le 
le 

Common Base Gain. 
First, adjust R2 /R4 to a R7 

total value of 6,000 ohms 
for a current flow of 
about 1 ma in the base- R3 

emitter circuit. If you 
measure the voltage FIG. 10 

ti 
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-6V 
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R/ 
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R3 
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across R8 and divide it by 470 (ohms) you'll fmd a collector cur- 
rent of between .9and .95 ma. In spite of the fact that the common - 
base amplifier provides the best voltage gain, its current gain is 
less than 1. This means there's a current loss between input and 
output. 

As with the previous circuits checked, stage amplification can 
be approached from both DC and AC gain. The AC alpha is meas- 
ured in much the same way as with the previous circuits. The 
formula is: 

AC alpha - le change 
Te change 

Note the currents in 
the emitter and collector 
circuits from the DC 
check. Now reduce the 
emitter current by in- 
creasing the resistance of 
R4 and note the corre- 
sponding change in col- 
lector current. Subtract 
the new figures from the 
old ones, insert them in 
the above equation -and 
you have the AC alpha. 

If you're wondering 
what the relationship is 
between alpha and beta 
( other than the fact that 
they follow each other in the Greek 
the formula: 

+ B? 
6V 

RB 
470n 

01 

82 
+ 6v - 

VOY 
OR 

VTVY 

92 
119 

RI 
101 

RB 

Cr 

6Y + 

R 
f 

921 

. :p. 

. 
- Bl + 

64 
FIG. 11 

alphabet) , it's expressed in 

alpha 
beta - 

1 - alpha 

Common -Collector Gain. Fig. 12 shows how a common- collec- 
tor circuit's current gain is checked, using the same techniques 
that served us for the other circuits. The R4 /R7 combination is 
adjusted for a total resistance of 60,000 ohms. (We can ignore R8.) 
Measure the voltage across R8 and divide this value by 470 
(ohms) to arrive at the current flowing in the emitter circuit. As 
in the common -emitter arrangement, a fairly high current gain 
is obtained. 

Now let's review our findings. We saw that the common- emitter 
and common- collector circuits have about the same current gain, 
whereas the common -base arrangement produces a current gain 
of less than 1. If we combine this information with the voltage - 
gain data determined earlier, we can determine the relative 
power gain of the three configurations. 

In the CE stage, the voltage and current gain were both good. 
When these two quantities are multiplied together (W =EI) 
excellent power gain will result. In the CB amplifier, the voltage 
gain was good, but the current gain low. Its power gain, there- 
fore, is less than that of the common -emitter. Finally, in the 
common- collector circuit, we found a voltage gain of less than 
1, but a good current gain. Here again, we see that the power gain 
of a CC amplifier is not as high as that of the common -emitter 
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amplifier. Actually, the 
CC's gain is the lowest of 
the three types. 

Because the common - 
emitter arrangement has 

RI the best combination of ,oK 

current and power gain 
it is tJie type most fre- 
quently used. 

The common -base ar- 
rangement is an excel- 
lent choice for oscillator 
circuits because the input 
and output phase are the 
same. By simply feeding 
a small amount of output 
voltage back to the input, N7 (_ 

t oscillation can be ob- RO --e--' 
tained. 

Finally, the common R8 

collector is useful as an 
impedance matching de- FIG. u 
vice because, like the 
tube cathode follower, it has a high input impedance and a 1oti 
output impedance 

For those interested in pursuing transistors and transistor 
circuitry further, scores of books and pamphlets are available 
from libraries, bookstores, parts distributors or publishers. Here 
is a selection of these publications 

Basic Theory and Application of Transistors. 
U.S. Govt. Printing Office, Washington 25. D.C. $1.2. 

Facts on Transistors. By Walter J. Cerven' 
Hickok Electrical Instrument Co., 10532 Dupont Ave.. Cleveland. Ohio. $ 

Power Transistor Handbook. Motorola Semiconductor Div., Phoenix. Arc: 
Semiconductor Devices. By Rufus P. Turne: 

Holt, Rinehart ä Winston, inc.. 383 Madison Ave., New York, N. Y. $7.51 
Transistor Circuit Handbook. By L. Garne: 

Coyne Electrical School, 1455 W. Congress Parkway, Chicago 7, III. $4.9' 
Transistors in Radio and Television. By Milton S. Kivu 

McGraw -Hill, 330 W. 42nd St., New York N. `. 

Transistor Manual. 4th Ed. General Electric Co., Syracuse 1, N. Y. $ 
Transistor Physics and Circuits. By Robert L. Riddle, Marlin P. Ristenbat. 

Prentice Hall, Englewood Cliffs, N. 
Understanding Transistors. By Milton S. Kiver. Allied Radio, Chicago, Ili 50( 
GERNSBACK LIBRARY, 154 W. 14th St., New York, N. Y 

Basic Transistor Course. By Paul R. Kenniak. 
Fundamentals of Semiconductors. By M. B. Scroggie. $2.9 
Transistor Circuits. By Rufus P. Turner. $2.7. 
Transistor Techniques. $1.5' 
Transistors. $1.9 
Transistors -Theory and Practice. By Rutus P. Turner. $2.9: 

JOHN F. RIDER. INC., 116 W. 14th St.. New York. N. Y. 
Basic Transistors. By Alexander Schute. $3.9 
Fundamentals of Transistors. 2nd Ed. By Leonard Krugman. $3.51 
Fundamentals of Transistor Physics. By Irving Gottlieb. $3.9( 
International Transistor Substitution Guidebook. By Keats Pullen. $1.51 
Principles of Transistor Circuits, 2nd Ed. By S. W. Amos. $3.9( 

HOWARD W. SAMS & CO., Indianapolis. Ind. 
ABC's of Transistors. By George B. Mann. $1.2' 
Transistor Circuit Manual. By Allan Lytel! $4.9' 
Transistor Substitution Handbook. $1.51 

1 
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)g3CXDZURM 
If stereo FM has put you in the 

fringe area, get back to hi -fi .. 
with an 18 -db boost in signals. 

By Ed Lininger, Ampere. Electronic Corp 

STEREO FM broadcasting brought new problems, as well as new joys, to 
the ardent audiophile. FM tuners which had more than adequate sensi- 

tivity for standard FM broadcasts suddenly delivered noise and distortion when 
adapted for stereo. As has been mentioned many times, the effective range 
of stereo broadcasts may be cut by a third in comparison to the signal strength 
of the equivalent mono broadcast. A better antenna usually helps, but if its 
installation presents difficulties for you, a booster may be the answer. 

This transistorized FM Booster adds two RF stages to your tuner. Con- 
nected between the antenna and the tuner, the Booster's 18 -db gain (and 
noise figure of better than -50 db) will bring in those once faint stations with 
excellent fidelity. 

Construction. The prototype was built on a perforated Bakelite board, but 
the reader has the option of construction techniques. To eliminate hand ca- 
pacity effects, the Booster board could be enclosed in a metal cabinet. For 

clarity, the pictorial 
shows the leads some- 
what longer than neces- 
sary. In practice, keep 
the leads as short as 
possible. The two coil 
forms shown (L2, IA) 
are modified by the ad- 
dition of Ll and L5. 
These consist of 21/2 

turns of No. 28 enamel 
wire interwound be- 
tween existing turns of 

s 
--- 

. ; 

CO 

M 

u cw 

CO 

Sal 

w 

T51 

1 

C7 e.3 es 

A 

Booster schematic is simplified by showing 
SW I with letters keyed to the connections. 
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input and output coils L2 and L4. 
Inductance L3 consists of 21/2 turns 

of No. 18 enameled wire wound on 3/8" 
rod with the turns spaced about the 
diameter of the wire. After winding, 
remove the rod and mount L3 directly 
to the terminal strip. 

If you have difficulty obtaining the 
coil forms specified for L2 and L4, you 
can make two more coils like L3, ex- 
cept this time leave in the 3/8" diameter 
forms. Then wind L1 and L5 on the 
forms as before. 

Choke CH1 consists of 30 turns of 
No. 28 enameled wire close wound on 
(and soldered to each lead of) a 1- 

megohm, 1 -watt resistor. 
Switch S1 both turns the booster on 

and off and switches the antenna from 
the input of the booster to the input 
of the FM set. A transistor radio 9 -volt 
battery eliminator serves as Bl. 

Adjustment and Operation. For gen- 
eral use, tune in a weak station at the 
center of the dial and then switch on 

Profile of the Booster shows the relationship of 
the coil forms and the other major components. 

the booster. Tune C4 and C8 for maxi- 
mum response as indicated either by the 
tuner's tuning eye or meter. If it is 
not possible to peak C4 or C8 for maxi- 
mum tuner response, its corresponding 
coil may not have sufficient inductance. 
You can vary the inductance by adjust- 
ing the coil cores. Note that the band - 
pass of the Booster is about 4 mega- 
cycles wide. This means that it would 
be best to use C4 and C8 to tune the 
Booster to the station you're most in- 
terested in receiving. 

-TO 02(C) TO C2,R1- 
14 L2 

TO GND TO 01(E) 

Resistors: ' /, -watt, l0/ unless otherwise indicated 
RI,R4 -560 ohms R3,R6 -I,S00 ohms 
R2,R5 -6,800 ohms 
Capacitors: low -collage ceramic disc. unless otherwise 

indicated C4,C8 -3 -30 mmf trimmer 
CI -33 mmf CS-3.3 mmf 
C2,C3,C6,C7 -820 mmf C9 -.002 mf 
CHI -30 turns w28 enamel wire wn,rnd na . r- ........h... 

I -watt resistor 

TO 

Sw1 

11g- 

PARTS LIST 

Pictorial of Booster shows pa 
drawn with long leads for clarity¡ 
In practice- keep the leads short. 

SWI -Four pole, double throw switch (Lafayette SW -91 QI,Q2- 2N2089 transistors (Ampere.) 
LI,L4- coils, Cambridge Thermionic LS3 -60 me (se tilt 
III -9 V. power supply (see test) 
L2,L3,L5 -see test 
Misc. -terminal strips. lugs, transistor sockets. eke 
A kit of the above parts (less power supply) is ;tail* 

, Iethpa91 
N. Y Price is $9 postpaid. 
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for on -the -nose RF accuracy 

A Dual- Frequency 
Crystal Calibrator 
By Herb Friedman, W2ZLF 

TO MANY, a crystal calibrator is just a means of complying 
with one of the FCC requirements. But for others, amateurs, 

experimenters and SWLs, the crystal calibrator is an important 
tool; useful for calibrating home brew receivers and converters, 
zeroing bandspread dials on communication receivers and insur- 
ing accuracy of test equipment. For the usual cost of a factory- 
wired single- frequency calibrator (about $15) , you can build a 
calibrator having both a 100 kc and 1 me output. Each output is 
independent and can be individually calibrated against WWV. 
The 1 me output is of particular advantage on the very high fre- 
quencies since there is much commercial and home brew equip- 
ment for 6 meters (and some for 10 meters) using superregen 
receivers. The 1 me markers will clearly indicate the band edges. 

Construction 
The major components are mounted on a piece of perforated 

board as shown in the pictorial. The crystal socket is mounted 
with a 4-40 screw using a 1/4" spacer or stack 3f 
washers between the socket and the perforated 
board. 

Frequency correction capacitors Cl 
and C2, must be mounted rigidly; 
don't depend on wire alone to hold 
them to the board. Screws are passed 
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through their solder tabs and the 
board and connection is made to the 
supporting tab by a solder lug or by 
wrapping wire around the mounting 
screw. Use a heat sink such as an alli- 
gator clip on the lead when soldering 
the transistors. Note that transistor Q2 
(2N274) has four leads; the center 
shield lead is unused and should be cut 
short. 

After the board wiring is completed. 
mount switches SW1 and SW2 and an- 
tenna jack Jl on the cabinet. Two 3/8" 
holes should be drilled to permit adjust- 
ment access to Cl and C2. 

An L- bracket at each end of the board 
is sufficient for mounting. Take care that 
the adjustment screws of Cl and C2 do 
not touch the cabinet and that there is 
room for the battery. The antenna is 
made from an 8 " -10" length of stiff wire. 

Adjustment 
Before applying power, adjust coils 

Ll and L2, aligning the bottom of the 
slugs with the lower coil winding. Re- 
move the crystals from their sockets 
and connect up a 10 ma meter in series 
with the battery. Turn on the unit and 
if the calibrator is wired correctly the 
meter will show only a slight indication 

(about 150 microamperes) . Install the 
100 kc crystal and set SW2 to the 100 
kc position; the meter will read about 
3.5 ma. Adjust Ll for maximum cur- 
rent flow. The tuning is very broad and 
if after four turns there is no change in 
current, leave the slug where it is. 

Next, plug in the 1 me crystal and 
set SW2 to the 1 me position. Repeat the 
above, adjusting L2 for maximum cur- 
rent. Disconnect the meter and the cali- 
brator is ready for use. 

For precision use, the two outputs can 
be tuned against WWV. Tune in WWV 
at a frequency which provides a me- 
dium signal level. Turn on the calibra- 
tor set to 100 kc and let it warm up for 
about a minute. Couple the calibrator's 
signal into the receiver either by radia- 
tion or by direct connection. A disthict 
beat -note will be heard in the receiver. 
Using an insulated alignment tool, ad- 
just Cl so the beat -note changes to a 
low growl and disappears. This is the 
correct setting for Cl. Repeat the same 
procedure for the 1 me crystal, adjusting 
with C2 

Checking Mobile Equipment 
A mobile receiver or converter can 

easily be checked for calibration with- 

Separate crystals and calibration capacitors are used for each of the two fundamental frequencies. 

RI 
150K 

CI 

af' 
280MMF 

C2 

C5 L2 

0 R2 200 
1 MF 

° I 

56011 á l 

C'O ()IMF 

+elVl--d 
SW I 

C6 
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VACUUM TUBE 
VOLT METER KIT 
(6-INCH METER) 
RMS and p. to 

scale. 

Input imp 
mega. Professonal per - 

- ppear 
Kit: S31.95 

Assembled: $44.95 

CUSTOM70" TV 
SET KIT-Excellent 
sensitivitY. Trans- 
former power supply; 
3 stages of IF. In- 
cludes slimline cabi- 
net, 19 inch picture 
tube-everything. 
NOT a portable. 
Kit Price: S135.00 

TRANSISTOR RA- 
DIO KIT - -Superb tone 
and sensitivity. No del- 
icate printed circuits. 
Attractive, durable 

parts. Kit: S25.50 

Q 
a 

..t t' 

5 -INCH WIDE BAND 
O 

E S C 
Fort bllack whip KIT - i 

color, AM -FM and 

electronic applications. 
High intensity trace. 
Extremely 

stastable le 
sync. 

Advanced S139.50 
Assembled: $139.50 

Get your FREE 1963 CATALOG 

from COO LA 

It's full of exciting new electronic 
kits of highest quality. Many items 
available in both kit or absembled 
form. Home entertainment items 
that make perfect family gifts or 
test instruments for the technician 
who appreciates quality and high 
performance. Tools, toe, to make 
your work easier, faster. And you'll 
like the reasonable prices and con- 
venient payment plans which make 
CONAR Kits easy to own. Mail 
coupon for new 1963 Catalog now. 

CONAR 

e 
1963 CATALOG 

"BEST BUY'' KITS 
twtf 

division of 
NATIONAL RADIO 
INSTITUTE 

Mail this Coupon 

GUARANTEE 

Parts and 
performance 
guaranteed 
by NRI- 
nearly 50 

years of 
pioneering in 
Electronics. 

L 

CONAR 
3939 Wisconsin Ave., N.W. DS3C 
Washington 16 D.C. 

Send me ycur new 1963 CONA3 KIT CATALOG 

Name 

Address_ 

City Zone_State 

PARTS LIST 

Resistors; 'u watt, 10% 
RI- 150,000 ohms 
R2,R4-560 ohms 
R3- 22,000 ohms 

Capacitors 
CI,C2 -25 -280 mmf, trimmer capacitor 
C3,C7 -100 mmf ceramic disc 
C4-300 mmf mica 
CS,C6 -200 mmf ceramic disc or mica 
C8,C9,C10 -.01 mf ceramic disc 
SI -SPST slide switch 
S2 -DPDT slide switch 
LI -2 -18 millihenry slug tuned coil (Miller 6314) 
L2 -54 -245 microhenry slug tuned coil (Miller 6196) 

L3 -RF choke, 2.5 millihenry 
$ I -2N408 transistor 

2 -25274 transistor 
BI -9 V battery (largest that will fit cabinet) 
JI- banana jack 
Mise -I perforated board (Lafayette Radio MS -305); 

I cabinet 6 "x5 "x4 "; I banana plug to fit JI; 2 

packages flea clips (Lafayette Radio MS -263); 
2 crystals (still) 100 kc, I me plus sockets (Use 
Texas Crystal units as other types may not work 
properly.) 

Most parts are mounted on perforated board which 
is installed in cabinet using small brackets. 
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out removal from the car. The calibrator 
with its antenna is placed several inches 
from the mobile antenna; a distinct hush 
will be heard in the receiver at the cali- 
bration points. If the mobile receiver is 
equipped with a BFO so much the bet- 
ter. Up at 6 meters, it may be necessary 
to connect the two antennas with a clip 
lead. 

A mobile VFO's calibration can be 
checked by zero-beating the received 
calibrator marker frequency against the 
VFO. Tune in a marker (e.g.: 7 mc) 
and adjust the transmitter's oscillator 
until zero-beat. The VFO is then set for 
7 mc. The same procedure is used for 
other frequencies. 

Using a similar procedure, the cali- 
bration of RF signal generators can be 
checked. The output from a signal gen- 
erator is fed into a receiver with the 
output of the calibrator and the genera- 
tor is calibrated at zero beat. With a 
108 

01,02 BASES 

broadcast band range generator a stand- 
ard radio can be used as the receiver. 

At very high frequencies where the 
calibrator's output is reduced, run a 
wire from the calibrator to an alligator 
clip on the insulation of the "hot" an- 
tenna wire. In some instances, such as 
calibration of an FM tuner, the calibra- 
tor will have to be connected directly to 
the receiver's antenna terminals. For 
maximum stability, always ground the 
case of the calibrator to the equipment 
under test. Using the 1 mc output, an 
FM tuner dial can be adjusted or 
marked "on the button" across the dial. 

Oscillator transistor Ql has an anti - 
resonant feedback path connected be- 
tween collector and base. At 100 kc, the 
low -Q coil Ll, has low output and re- 
quires the use of amplifier Q2. Since the 
base -emitter conduction of Q2 has a 
diode action, a signal rich in harmonics 
is produced. At 1 mc, high -Q coil L2 
becomes the oscillator tank coil and the 
high 1 mc output does not require am- 
plification. This permits the use of low - 
cost transistors and stock coils. 
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It's anti -T VI! 
...Our hidden 

ED3V211 
G 

IF YOU HAVE a tree of fair height on 
your grounds and a bunch of neigh- 

bors who are TV- suspicious of all hams, 
you will appreciate our ingenious de- 
sign, merely a nondirectional vertical 
antenna stretched up a tree trunk and 
having some characteristics of a long - 
wire (because of the insulator on either 
end) . Its truly unique (or devilish) 
quality is the black plastic insulation 
covering its radiating wire, and making 
it hard to see. The service entrance in- 
sulators are brown porcelain with a hole 
and a screw base. They are screwed di- 
rectly into the tree trunk. With longer 
antennas, one of these insulators should 
be put in every 10 feet and the wire 
dropped through the hole (not se- 
cured) . A coil spring at the bottom 
stretches when the tree bends in the 
wind. Simply thread the wire down 
through any branches and don't worry 
about touching them (the wire is insu- 
lated) . Unless you have very tall trees 
and suction cups on your feet we recom- 
mend a quarter -wave radiating element 
(62' 3" for 80 meters, 31' 1" for 40 
meters, etc.) . Quarter -wave radials 
buried in the ground at the base like 
spokes will improve performance. - 
Howard S. Pyle- W70E 

FREE FOR '63 
LAFAYETT 

ELEC 
QóO 

RONICS 
1963 CATALOG 

NO. 630 

388 
GIANT - 

SIZE 
PAGES 

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

Here it is -the exciting, all -new 1963 Lafayette 
Catalog. 388 giant -sized pages with thousands of 
items for the audiophile, experimenter, technician, 
hobbyist. engineer, student, serviceman ... fully 
illustrated ... hundreds of manufacturers. 

CHECK THESE LAFAYETTE BENEFITS 

V LARGEST STOCK. Everything in Hi -Fi 
and Electronics - C.B., Tape Recorders, 
Hi -Fi Stereo, Ham and Amateur, Radio 
& TV Accessories, and much more. 
EXCLUSIVE LAFAYETTE KITS. The best 
value for your money. 
SATISFACTION GUARANTEED 
OR MONEY REFUNDED 
LOWEST PRICES 

Buy the EASY -WAY with EASY -PAY 

NO MONEY DOWN, UP to 24 MONTHS TO PAY 

LAFAYETTE LOCATIONS 

Mall Order and Sales Center 

SYOSSET, L. I., N. Y. 
111 Jericho Turnpike 

JAMAICA, N. Y. 
165-08 Liberty Ave. 

NEW YORK, N. Y. 
100 6th Ave. 

SCARSDALE, N. Y. 
691 Central (Park) Ave. 

BRONX, N. Y. 
542 E. Fordham Rd. 

Mail the Coupon Today for your 

FREE 1963 Lafayette Catalog 

NEWARK, N. J. 

24 Central Ave. 

PLAINFIELD, N. J. 

139 W. 2 St. 

PARAMUS, N. J. 

182 Route 17 

BOSTON, MASS. 
110 Federal St. 

NATICK, MASS. 
1400 Worcester St. 

LAFAYETTE RADIO, Dept. FEI -3, 

P.O. Box 10, SYOSSET, L.I., N.Y. 
Please senil 'ni- the FREE 1963 388 giant -size 
Lafayette Catalu,: 
Name 

Address 

Zone State 

page 
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For CBers and Hams 

The Monitor Meter 
By Tracy Diers, W20QK/2W4975 

TO GET THE BEST REACH from 
any Citizens Band or amateur trans- 

mitter, all the radio -frequency (RF) 
power available must be pushed out the 
antenna, of course. But that's only part 
of the story. The transmitted carrier 
also must be modulated as close to 100`7 
as possible. 

The modulation problem is a tough 
one. More than 100v, modulation pro- 
duces distortion, while under- modula- 
tion buries your signal in noise. 

The Monitor Meter (MM) is a device 
which not only indicates when the maxi- 
mum RF output is being fed to the an- 
tenna, but in addition gives you your 
modulation percentage. And by plug- 
ging a good -quality (2,000 ohms or 
higher) headset into monitor jack J1 
you can determine whether your signal 
is clean and free from noise and distor- 
tion. 

Construction. The Monitor Meter is 
built in a metal cabinet and, except for 
J2, SO1 and Tl, all components are 
mounted on the front panel. While parts 

MM is shown top side down for clarity. All major 
components except 12, SO1, Ti are mounted on 
front panel. Keep audio and RF leads separated. 

110 

layout isn't critical, the RF leads must 
be separated from the audio leads. 

The value of the hand -wound pickup 
coil that plugs into SO1 (and is shown 
in position atop the MM box in our lead 
photo) is determined by the frequency 
you are using. See chart for number of 
turns and wire size. 

Install Dl and D2 last and use a heat 
sink (alligator clip) on each lead before 
soldering. 

Because of the low output from a CB 
transmitter, a separate RF pickup unit 
is required. The center terminals of coax 
connectors J4 and J5 are joined with a 
short length of #16 wire or buss bar. 
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The pickup coil is six turns of #18 plas- 
tic- insulated solid hookup wire wrapped 
tightly around the buss bar. 

The pickup unit is connected between 
the transmitter and antenna at a point 
6 to 12 inches from the transmitter. The 
hookup line is a short length of coax 
cable (RG -58/U or RG -8 /U, depending 
on which is used for the antenna feed - 
line) with a PL -259 on one end and a 

plug which matches the transmitter out- 
put jack on the other. 

The connecting link between the RF 
pickup unit and the MM is 18 inches of 
#20 plastic -covered hookup wire with 
plastic twinlead connectors at each end. 
(Twinlead connectors fit the crystal 
sockets.) The wires should be twisted 
together to prevent capacity changes. 

Operation. Set S1 to calibrate -tune 
and connect the MM into your antenna 
system. 

Turn on the transmitter and adjust Cl 
for a half -scale reading on meter Ml. 
Now tune the transmitter for maximum 
meter reading. 

If the meter needle goes off -scale, 

PARTS LIST 
Resistors: 
RI -1,200 ohm, I watt, 10% 
R2- 16,000 ohm, 1/2 watt, 5% or better 
Capacitors: 
CI -100 mmf variable with 14" shaft 
C2,C3 -.00I mf ceramic disc 
C4-12 mmf ceramic disc 
C5 --170 mmf ceramic disc 
C6-SO mmf trimmer (in pickup box) 
DI,D2 -IN34A crystal diode 
TI- Driver transformer (Stancor A -4711) 

CHI -24- microhenry ferrite core choke (value 
not critical) 

MI -O -I ma meter (Lafayette TM -60 or equiv.) 
SOI- 4-prong ceramic tube socket (Millen type 

33004 or equiv.) 
JI -Closed- circuit phone jack 
J2,J3 -Crystal socket (Millen type 33302 or 

equiv.) 
J4,J5 -Coal sockets to match transmission line 

connectors 
SI -DPDT Toggle switch 
Misc.-1-Meter cabinet, 6 "x5 "s4 "; I- Pick -up 

cabinet, 51/4 "x3 "x21 /s "; twin -lead c,sn- 
nectors; wire: coil forms, etc. 

PLUG -IN COIL DATA 

Frequency (me) Turns Wire Site 
27 -28 4 22 

21 10 22 

14 15 22 

7 30 22 

3.5 50 26 
All coils closewound on 4- prong, I -inch forms 
(Millen 45004 or equiv.). Wire is enameled type. 

IN 
ELECTRONIC KITS 

STEREO & MONO HI -FI TEST INSTRUMENTS 

HAM GEAR CITIZENS TRANSCEIVERS 

WALKIE- TALKIES U TRANSISTOR RADIO 

All easy -to -build - with complete, 
step -by -step, beginner -tested 
pictorial instructions 

All tremendously economical - 
cost 50% less than comparable 
wired units 

All professional quality - 
uncompromisingly engineered 

_-- Mail coupon today- - - - 
EICO Electronic Instrument Co., Inc. 

3300 Northern Blvd., L.I.C. 1, N.Y. 

Please send FREE catalog and 
name of neighborhood dealer. 

Name 

Address 

City Zone State FEI.63 I --- 

OF THE WORLD'S FINEST 
SI`k ELECTRONIC GOV'T 4,. SURPLUS BARGAINS 

1011 D C SUPPLIES 
Operate from 115 volts 80 cycle: are 
complete with Transformer. Rectifier. 
Capacitor, Switch. Line Cord, Pilot Light. 
Line Fuse, etc. Indicated ratings are for 
load conditions 

DUAL OUTPUT 12/14 u 
24/28 VDC ß 0 amps. Blur 
7 0440 13 ": Wt.: 17 lbs. 
STK. No. PS- 12 /24VDC6A: 
KIT of Perte $20.00 
Wired Complete -$24.5 

OUTPUT 12 14 VDC CO O A. Size: ILy e 91/2 x 
5 "; Wt.: 15 lbs.: STK No. PS- 12VtlC8A: 
KIT of Paris_ _514.00 -Wined á,mplete $1e.95 
OUTPUT 24,2e VDC Q 4 A. Sine: 51/2 e 9i e 
5 "; Wt.: 12 lbs.; sTK No. PS- 24VDC4A: 
KIT of Parta __$13.00 -Wired complete $17.95 
OUTPUT 12/14 VDC Q 4 A. Sise: Si, y e 9yx e 
5 "; Wt.: 12 lbs.: STK No. PS- 12VDC4A: 
KIT of Parla __510.00- WIredComplete 514.95 

MAIL COUPON 
FOR CATALOG! 

Addrea Dept. 78.3 -Prises F.O.8., Lima. 
051.. 25% Deposit on All C.O.D. Orders 

FAIR RADIO SALES 

I 
Dept. FE -3, P. O. Box 1105. Lima, Ohio. U.S.A. 

Please send copy of current FREE Catalog. 

I NAME I 

I ADDRESS I 

I ÇITY STATE 
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Pickup unit, for use with low - 

power transmitters, is simple to 
construct. It is connected right 
into the feedline. Bare buss bar 
radiates more energy into the 
pickup coil than does coax cable. 

bring it down with Cl. The meter read- 
ing is determined by the RF current 
flow in the antenna feedline and is an 
accurate indicator of transmitter tuning. 

To check the modulation percentage, 
first set S1 to calibrate -tune and, with- 
out modulation, adjust Cl for full -scale 
(1 ma) reading on Ml. Then reset S1 to 
the modulation position and speak into 
the microphone. The meter needle will 
follow the speech with the peak meter 
indication representing per cent modu- 
lation. Full scale (1 ma) equals 100% 
modulation; .9 ma equals 90`/. modula- 
tion, etc. 

If you don't get a 1 -ma reading when 
S1 is on calibrate, reverse the twinlead 
connector at the Monitor Meter or RF 
pickup unit. Leave it plugged in the way 
that provides the highest reading. 

Now adjust C6 in the RF pickup box. 

112 

You will find a setting where the meter 
reading suddenly peaks. 

To check audio quality, plug a set of 
headphones into J1 and set S1 to modu- 
lation. Signal volume can be adjusted 
with Cl. The meter is cut out when 
phones are used. 

In amateur stations, running higher 
power than CB rigs, Monitor Meter 
coupling is simplified. You probably 
won't need the RF pickup unit and the 
MM can be located farther from the 
transmitter. 

Connect a short length of hookup wire 
to J2's ungrounded terminal and wrap 
the free end five or six times around 
the transmission line. Connect J2's 
ground terminal to transmitter ground. 
If you get too little pickup, increase 
the number of turns or try moving the 
wrap -around coil to another spot. 
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WHERE You Train is as Important 
As Your Decision 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 
him 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 
eight 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 
w The NRI "learn-by prac- 

tice" method is the time- 
! proved way to better pay. 

It makes training easier, 
faster, better. Most NRI 
courses include -at no ex- 
tra cost-special training 
equipment to give shop and 
laboratory experience in 
your own home. 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. NRI TRAINING, 
Washington 16, D. C. 

n-r. 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 
Fielt Engineer in the DATAmatic Div. of Min- 
neapolis- Honeywell, working on data systems. 

"I have gene ahead financially ever since I en- 
rolled wit-1 NRI;" writes Gerald W. Kallies, 
now a chi-4 Instrument Technician of Rio Al- 
gom Nordic cerenium mines and part-time TV 
engineer fx 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 Oroville. Calif. In addition to employing a 
full.time technician, two NRI students work for 
him part -time. He remarks about NRI training. 
"I think its tops!" 

r 

NRI COURSES 
SEE OTHER SIDE 

III'''''' 
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NOW 8 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 eight 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 nail the postage-free card now. NRI TRAINING. 
Washington 16, D. C. 

1 SEE OTHER SIDE 
CUT OUT AND MAIL CARD NOW! 

FREE CATALOG 
No stamp necessary 

NRI pays postage 

NRI Training 
Washington 16, D. C. 31F3 

Please send your catalog. I am 
interested in training checked 
below. (No salesman will call.) 

The Amazing 
Field of 

Electronics 

Industrial Electronics D Mobile Communications 

Radio -TV Servicing Marine Communications 

Complete Communications Aviation Communications 

FCC License Math for Electronics 

Name Age_ 
Pi.... P..nu 

Address 

City Zone State 

ACCREDITED MEMUER NATIONAL HOME STUDY COUNCIL 

INDUSTRIAL- MILITARY ELECTRONICS 
Learn Principles. Practices, Maintenance of Elec- 
tronic equipment used today in business, industry, 
defense. Covers Electronic controls and measure- 
ment, computers. servos, telemetry, multiplexing, 
many other subjects. 

2 
RADIO AND TELEVISION SERVICING 
Learn to service and maintain AM -FM Radios, TV 
sets, Stereo Iii -li, P:\ stems, etc. A profitable, in- 
teresting field for part -time or full time business 
of your own. 

COMPLETE COMMUNICATIONS 
A comprehensive training course for men seeking 
careers operating and maintaining transmitting 
equipment in Radio -TV Broadcasting or mobile, 
tsarine. aviation communications. Prepares you 
for FCC License. 

4FCC LICENSE 
Prepares you quickly for First Class License ex- 
ams. Every co ' .at ions -tali..it anal have one 
or uwtre FCC -licensed operators. AI -u valuable for 
Service Technicians. You train at home. 

5 
MOBILE COMMUNICATIONS 
Training in installation and maintenance of mo- 
bile equipment and associated base stations like 
those u -cd by lire and police, taxi companies. etc. 
Prepares you for First Class FCC License exams. 

6 
MARINE COMMUNICATIONS 
Shipboard transmitting equipment, direction find- 
ers, depth indicators, radar are all covered in this 
course. You prepare for your First Class Radio- 
telephone License with Radar Endorsement. 

7 
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. 

8 
MATH FOR ELECTRONICS 
From basic arithmetic review to graphs and elec- 
tronic formulas in one complete "short course" 
package of five carefully prepared texts. Quick, 
complete and low in cost. 
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